January 1990 


volume 162, number 1 Af 





Asa Tad then | 
-Å 
Qs AU 
SA, S ` iy 
¿ A X 
By 
z ae 
8 aX 
e j 
A ' 
P Z 


f OBSTETRICS 
AND GYNECOLOGY 


Copyright © 1990 by The C.V. Mosby Company 


Editor in Chief 
JOHN I. BREWER ý 


Editors 
FREDERICK P. ZUSPAN * E. J. QUILLIGAN 


Associate Editor 
ALBERT B. GERBIE 


Official Publication 


AMERICAN GYNECOLOGICAL AND OBSTETRICAL SOCIETY 

CENTRAL ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 

SOUTH ATLANTIC ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
PACIFIC COAST OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

AMERICAN BOARD OF OBSTETRICS AND GYNECOLOGY 

SOCIETY FOR GYNECOLOGIC INVESTIGATION 

SOCIETY OF PERINATAL OBSTETRICIANS 


Published by 


7 THE C.V. MOSBY COMPANY 
St. Louis, Missouri 63146-3318 ISSN 0002-9378 








Even at midcycle, 
she wears white 


with confidence 


Only Tri-Norinyl provides a full 1 mg of progestin at 
the midcycle (days 8-16), when clinical data indicate 
that breakthrough bleeding and spotting are most likely 
to occur! 


To help control midcycle breakthrough bleeding: make 
the midcycle the high point of protection. 
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Extra midcycle progestin to reduce 
midcycle breakthrough bleeding 
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(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


1. Data available from Syntex Laboratories, Inc., document #92363. 


Serious as well as minor side effects have been reported following the use of all oral 
contraceptives. These include thromboembolic disease. Before prescribing Tri-Norinyl, 
please see brief summary of prescribing information on following page. 


© 1989 Syntex Laboratories, Inc. 


SYNTEX LABORATORIES, INC 
PALO ALTO, CA 94304 
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(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 





TRI-NORINYL” 21-Day Tablets {7 blue tablets of norethindrone 0.5 mg 
with ethinyl estradiol 0.035 mg, 9 yellow-green tablets of norethin- 
drone10 mg with ethiny! estradio! 0.035 mg, 5 blue tablets of noreth- 
indrone 0.5 mg with ethinyl estradiol 0.035 mg) i 

TRI-NORINYL® 28-Day Tablets (7 blue tablets of norethindrone 0.5 mg 

with: ethinyl estradiol 0.035 mg, 9 yellow-green tablets of norethin- 

drone 4.0 mg with ethinyl estradiol 0.035 mg, 5 blue tablets of noreth- 

indrone 0.5 mg with ethinyl estradiol 0.035 mg, 7 inert orange tablets) 

pipe ‘bed Tablets {norethindrone 0.5 mg with ethinyl estra- 
k mg 

j ® 28-Day Tablets (21 norethindrone 0.5 mg with ethinyl 
stradiol 0.035 mg tablets followed by 7 inert tablets) 

OMORINYL® 1435 21-Day Tablets (norethindrone 1 mg with ethinyl 
estradiol 0.035 mg) 3, Be 
NORINYL® 1 + 35 28-Day Tablets (21 norethindrone t mg with ethinyl 
estradiol 0.035 mg tablets followed by 7 inert tablets) 
eer 1+ 50 21-Day Tablets (norethindrone 1 mg with mestranol 
NORINYE® 1450 hid a Alor (21 norethindrone 1 mg with mes- 
tranol 0.05 mg tablets fol by 7 inert tablets) 

NOR-0.D.* (norethindrone) Tablets 0.35 mg 
ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications: Prevention of pregnancy, 
COMTRAINDICATIONS 


Oral contraceptives should not be used in women who have the following conditions: 
+ Thrombophiebitis or thromboembolic disorders _ 

+ A past history of deep vein thrombophlebitis or thromboembolic disorders 

+ Cerebral vascular or coronary disease 

+ Known or suspected carcinoma of the breast 

. Carcinoma of the endometrium, and known or suspected estrogen-dependent 


hoe abnormal genital bleeding 
« Cholestatic jaundice of pregnancy or jaundice with prior pill use 
| © Hepatic carcinomas or benign liver tumors 
+ Known or suspected pregnancy 
WARNINGS 


age and 
S per day) and is quite marked 


A who use oral contraceptives 





The use of oral contraceptives is associated with increased risks of several serious 
conditions including myocardial infarction, thromboembolism, stroke, hepatic neo- 
plasia and galibla isease, although the risk of serious morbidity and mortality 
increases significantly in the ‘of other underlying risk factors such as 
hypertension, hyperlipidemias, ‘olemia, obesity and diabetes, 


Practitioners prescribing oral contraceptives should be familiar with the following 
information rating to these risks. 


The information contained in this package insert is principally based on studies 
carried out in patients who used oral contraceptives with ulations containing 
805 mg or higher of estrogen. The effects of tong term use with lower dose formula- 
tions of both estrogens and progestogens remain to be determined, 


Throughout this labeling, idemiotopical studies reported are of two types: retro- 
spective or case control studies and prospective or cohort studies. Case contro! 
studies pres a measure of the relative risk of a disease. Relative risk, the ratio of 
the incidence of a disease. among oral cont ive users to that among non-users 
cannot be assessed directly trom case control studies, but the odds ratio obtained is 
a measure of relative risk. The relative risk does not provide information on the 
actual clinical occurrence of a disease. Cohort studies provide not only a measure of 

relative risk but a measure of attributable risk, which is the difference in the inci- 
dence of disease between oral contraceptive users and non-users. The attributable risk 
does provide information about the actual occurrence of a disease in the population, 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS 
a, Myocardial Infarction 


An increased {ik ol impor arda! infarction Ras been altsibwted ta oral contraceptive 
use, This risk is primarily in smokers or women with other underlying risk factors for 
coronary artery dinease Such as hypertension, Kypercholesteolerva, morbid obesity 
and diabetes, The relative risk of heart attack for current oral contraceptive users has 
been estimated to be 2 to 6. The risk is very low under the age of 30, i, there 
ig the possibility of a risk of cardiovascular disease even in very young women who 
take oral contraceptives. 


Smoking in combination with orai contraceptive use has been shown to contribute 
substantially to the incidence of myocardial infarctions in women 35 or older, with 
‘smoking accounting for the majority of excess cases. 


Mortality rates associated with circulatory disease have been shown to increase 
Substantially in smokers over the age of 35 and non-smokers over the age of 40 
among women who use oral contraceptives. 


‘Oral contraceptives may comy the effects of well-known risk factors for coro- 
nary artery disease, such as hypertension, diabetes, hyperlipidemias, hypercholes- 
terolemia, age and obesity. In particular, some progestogens are known to decrease 
HDL cholesterol and impair oral glucose tolerance, while estrogens may create a 
state of hyperinsulinism. Oral ives have been shown to increase blood 
pee among users (see WARM section 9). Similar effects on risk factors 

been associated with an increased risk of heart disease. Oral contraceptives 
must be used with caution in women with cardiovascular disease risk factors. 


b. Thromboembolism 


An increased risk of thromboembolic and thrombotic disease associated with the use 
of oral contraceptives is well established. Case contro! studies have found the 
relative risk of users col to non-users to be 3 for the first episode of superfi- 
cial venous thrombosis, 4 to 11 for vein thrombosis or pulmonary embolism, 
and 15 to 6 for women with pi conditions for venous thromboembolic 
disease. One cohort study has shown the relative risk to be somewhat lower, about 3 
for new cases {subjects with no past history of venous thrombosis or varicose veins) 
and about 4.5 for new cases requiring hospitalization. The risk of thromboembolic 
sease due to oral contraceptives is not related to length of use and disappears after 
pill use is stopped. 

A 2- to 6-foid increase in relative risk of post-operative thromboembolic complica- 
tions has been reported with the use of oral contraceptives. H feasible, orai contra- 
ceptives should be discontinued at least 4 weeks prior to and for 2 weeks after 
elective surgery and during and flowing prolonged immobilization. Since the imme- 
diate postpartum period aiso is ted with an increased risk of thromboembo- 
dism, oral contraceptives should be Started no earlier than 4 to 6 weeks after delivery 
in women who elect not to breast feed. 


¢. Corebrowascuisr diseases 


An increase in both the relative and attributable risks of cerebrovascular events 
fires In gener fe ak eat among oe perce 

. th general, the risk is great ive women 
who also smoke. Hypertension was fo to be a rise factor both users and 
non-users for both types of strokes while smoking interacted to increase the risk for 
hemorrhagic strokes. 


in a large study, the relative risk of thrombotic strokes has been shown to range trom 
3 for normotensive users to 14 for users with severe hypertension. The relative risk of 

stroke is reported to be 12 for non-sm kers who used oral contracep- 
tives, 2.6 for smokers who did not use oral contraceptives, 76 for smokers who used 
oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper 
tension. The attributable risk also is greater in women 35 or older and among Smokers. 


d. Dose-related risk of vascular disease {rom oral contraceptives 


& positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in 
serum high density lipoproteins (HDL) has been reported with some progestational 
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A decline in serum hi ity fi as has been associated with an 
agents. A deci high density lipaproted j 


incidence of ischemic heart estrogens increase HDL 
cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of and progestogen and the nature and absolute amount of 
progestogens used in the contraceptives. The amount of both hormones should be 
considered in the choice of an oral contraceptive. 
Minimizing exposure to and progestogen is in keeping with good principles 
of therapeutics. For any combination, the dosage 
regimen prescribed be one which ins the least amount of estrogen and 


e. Persistence of risk ef vascular disease 


There are three studies which have shown persistence of risk of vascular disease for 
ver ers 1 erat Contant in a study in the United States, the risk of develop- 


after termination of use of orai contraceptives. However, Studies were per- 
formed with oral contraceptive formulations containing 0.05 mg or higher of estrogen. 


2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 


One study gathered data from a of sources which have estimated the mortal- 
ity rates associated with different of ion at different ages. These 
estimates include the combined risk of death associated with contraceptive methods 
plus the riak attrib fo pregnancy in the event of raathod falre, Each method of 
contraception has its specific benefits and risks. The study concluded that with the 
exception of oral contraceptive users 35 and older who smoke and 40 and older who 
do not smoke, mortality associated with all methods of birth contra! is tow and below 
that associated with childbirth. However, smokers 35 and older and non-smokers 40 
and older who use oral cont ives have an increase in mortality than 
those other methods of control. These facts must be weighed in conjunc- 
tion with failure rates for other methods and the risk associated with subsequent 
pregnancy, 

3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 


Numerous epidemiological studies have been performed on the incidence of breast, 
endometrial, ovarian and cervical cancer in women using oral contraceptives. The 
evidence in the literature suggests that use of oral contraceptives is not associated 
with an increase in the tisk of developing breast cancer, regardless of the age and 

ity of first use or with most of the marketed brands and doses. The Cancer and 

id Hormone study also showed no latent effect on the risk of breast cancer for at 
least a decade ing tong term use. A few studies have shown a slightly increased 
relative risk of developing breast cancer, although the methodology of these studies, 
which included differences in examination of users and non-users and differences in 
age at start of use, has been questioned. 


Some studies that oral contraceptive use has been associated with an 
increase in the risk of cervical intraepithelial neoplasia in some populations of 
women. However, there continues to be controversy about the extent to which such 
findings may be due to differences in sexual behavior and other factors. 


in spite of many studies of the relationship between oral contraceptive use and 
breast or cervical cancers, a cause and effect relationship has not been established. 


4. HEPATIC NEOPLASIA 


Benign hepatic adenomas are associated with orai conti ive use although the 
incidence of benign tumors is rare in the United States. Indirect calculations have 
estimated the attributable risk to be in the range of 3.3 cases per 100,000 for users, a 
risk that increases after 4 or more Years of use. Rupture of rare, benign, hepatic 
adenomas may cause death through intra-abdominal hage. 


Studies in the United States and Britain have showa an increased risk of developing 

hepatocellular carcinoma in long term (>8 ‘oral contraceptive users. However, 

these cancers are extremely rare in the United States and the attributable risk (the 

bears IANCA of Uvar Cancers in oral Contraceptine vas is less that per 
,000 users. 


5. OCULAR LESIONS 


There have been clinical case reports of retinal thrombosis associated with the use 
of oral contraceptives. Oral contraceptives should be discontinued if there is unex- 
plained partial or complete loss of vision; onset Of proptosis or diplopia: papilledema: 
Qr retinal vascular lesions. Appropriate diagnostic rapeutic measures 

be undertaken immediately. 

€. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 


Extensive epidemiological studies have revealed no increased risk of birth defects in 
women who have used oral contraceptives prior to pregnancy. More recent studies 
do nat a teratogenic effect, insofar as cardiac anomalies and limb 
reduction are concerned, when taken inadvertently during early pregnancy. 


The administration of oral conti ives to induce withdrawal bleeding should not 
be used as a test for pregnancy. Oral contraceptives should not be used during 
pregnancy to treat threatened or habitual abortion. 


it is recommended that for any patient who has missed 2 consecutive periods, 
pregnancy should be ruled out before continuing oral contraceptive use. Hf the 
DEO Das Bet tered to te prescribed schaale, ha potty al pagony 
should be considered at the time of the first missed period. Oral contraceptive use 
should be discontinued if pregnancy is confirmed. 

7. GALLBLADDER DISEASE 

Taar Sra pane reper a lncrescon es eit ck of gala: agay 
in users of orai contraceptives and estrogens. More recent studies, however, have 
‘shown that the relative risk of developing among oral contracep- 
tive users may be minimal. The recent findings of minimal risk may be related to the 
use of orat contraceptive formulations containing lower hormonal of estrogens 
and progestogens. 

8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 


glucose intolerance. Progestogens increase insulin secretion and create insulin 
resistance, this effect varying with different progestational agents. However, in the 
fon abate wma oral cartcaceptves Sopa to havi no eect on fasting Diod 
glucose. Because of these demonstrated , prediabetic and diabetic women 
Should be carefully observed while taking ora! contraceptives. 


Some women istent hypertriglyceridemia while on the pif, As 
cussed calor Gee WARNINGS, sect ta and td), ames in enon igh, 
rides and lipoprotein levels have been reported in oral contraceptive users. 

S. ELEVATED BLOOD PRESSURE 


An increase in blood pressure has been reported ia women taking oral contracep- 
tives. The incidence of risk also was reported to increase with continued use and 
among older women. Data trom the Royal College of General Practitioners and 
‘subsequent randomized trials have shown that the incidence of hypertension 
increases with increasing concentrations of progestagens. 


most women, elevated biood pressure will return to normal alter stopping oral 
cont tives and there is ne difference in the occurrence of hypertension among 
ever: and never-users. 
10. HEADACHE 

The onset or exacerbation of migraine or development of headache with a new 
pattern which is recurrent, persistent or severe requires discontinuation of oral 
contraceptives and evaluation of the cause. 

11. BLEEDING IRREGULARITIES 


Breakthrough bleeding and ing are sometimes encountered in patients on oral 
contraceptives, especially during first 3 months of use. Non-hormonal causes 


Some women may encounter post-pill amenorrhea or oligomenorrhea, especial 
when such a jon was pre-existent, 

1. PHYSICAL EXAMINATION AND FOLLOW-UP 

A complete medical history and physical examination should be taken prior to tt 
initiation or reinstitution of orai contraceptives and at least annually during use 
oral contraceptives. These physical examinations should include special reference! 
blood pressure, breasts, abdomen and pelvic organs, including cervical cytology ar 
relevant laboratory tests. in case of undiagnosed, persistent or recurrent abnorm 
vaginal bleeding, appropriate diagnostic measures should be conducted te rule ot 
malignancy. Women roy laret es ry of bred caer OF who havo braa 
nodules should he monitored with particular care. 

2. LIPID DISORDERS 


Women who are being treated for hyperiipidemias should be followed closely if the 
elect to use oral contraceptives. Same progestogens may elevate LOL levels and ma 
render the control of hypertipidemias more difficult. 

3. LIVER FUNCTION 

It jaundice develops in any woman receiving oral coutraceptives the meditatio 
should be discontinued. Steroid hormones May be poorly metabolized in patient 
with impaired fiver function. 

4. FLUID RETENTION 

Oral contraceptives may cause some degree of fiuid retention, They shouid b 
prescribed with caution, and only with careful monitoring, in patients with cond 
tions which might be aggravated by fluid retention, 

5. EMOTIONAL DISORDERS 

Women with a history of depression should be carefully observed and the dru 
discontinued if depression recurs to a serious degree. 

6. CONTACT LENSES 

Contact iens wearers who develop visual changes or changes in lens tolerance shoul 
be assessed by an ophthalmologist. 

7. DRUG INTERACTIONS 

Reduced efficacy and increased incidence of breakthrough bleeding and menstru: 
irregularities have been associated with concomitant use of ritampin. A simi 
association though less marked, has been led with barbiturates, phenyibut: 
Zone, phenytoin sodium, and possibly with gnseofulvin, ampicillin and tetracycline 
&. INTERACTIONS WITH LABORATORY TESTS 

Certain endocrine and liver function tests and blood components may be affected b 
oral contraceptives: 

a. Increased prothrombin and factors Vi, Vil, IX, and X; decreased antithrombin € 
increased norepinephrine-induced platelet aggregability, 

b. Increased thyroid binding lin (TBG) leading to increased circulating tota 
thyroid hormone, as ereti A aan iodine (PBI), 74 by column orty 
radioimmunoassay. Free T3 resin uptake is decreased, reflecting the elevated TAC 
Free T4 concentration is unaltered, 

¢. Other binding proteins may be elevated in serum. 

d. Sex steroid binding globulins are increased and result in elevated levels of tota 
circulating sex steroids and corticoids; however, free or biologically active levet 
remain unchanged. 

e. Triglycerides may be increased. 

1. Glucose tolerance may be decreased. 

Serum folate levels may be depressed by oral contr 
H clinica! pme depoa becomes pregnant 
contraceptives. 
$. CARCINOGENESIS 
See WARNINGS section. 

10. PREGNANCY 
Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 
11. NURSING MOTHERS 


Smali amounts of oral contraceptive steroids have been identified in the milk ¢ 

nursing mothers and a few adverse effects on the child have been reported, inctudin 
jaundice and breast enlargement. In addition, oral contraceptives in the 

irtum period may interfere with lactation by decreasing the qi t 

t milk. H possible, the nursing mother should be advised not to use or 

contraceptiva bit to: wee thar. Sere of, contraception untl, siya lias complet 


ive therapy. This may b 
after Continuing 2 ore 


INFORMATION FOR THE PATIENT 
See PATIENT LABELING. 
ADVERSE REACTIONS 


An increased risk of the following serious adverse reactions has been associated wit! 
the use of oral contraceptives (see WARNINGS section): 

+ Thrombophiebitis + Arterial thromboembolism + Pulmonary embolism + Myocardia 
infarction Cerebral hemorrhage » Cerebral thrombosis » + Galibladde: 
disease « Hepatic adenomas, carcinomas or benign liver tumors 

There is evidence of an association between the fotlowing conditions and the use 6! 
oral contraceptives, although additional confirmatory studies are needed: 

+ Mesenteric thrombosis « Retinal thrombosis 
The following adverse reactions have been 
traceptives and are believed to be drug-related: 
+ Nausea » Vomiting « Gastrointestinal symptoms (such as abdominal cramps anc 
bloating) + Breakthrough bleeding « Spotting + Change in menstrua! flow « Amenoy 
thea » lemporary infertility after discontinuation of treatment + Edema + Melasms 
which may persist « Breast ; tenderness, nt, secretion - Change it 
weight {increase or decrease) « in cervical erosion and secretion « Dieninutiot 
in lactation when given immediately postpartum + Choiestatic jaundice « Migrain 
Rash (allergic) + Mental depression + Reduced tolerance to carbohydrates » 
candidiasis + in corneal curvature (steepening) « intolerance to contact lenses 
The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nor refuted: 

+ Pre-menstrual syndrome + Cataracts » Changes in appetite + Cystitis-fike syndrome: 
Colina «Erie nite hae se o to nar cien 
multiforme + Erythema nodosum + Hemorrhagic eruption + Vaginitis « Porphyria « 
eros Fe net ence uredit syndrorna = Budd:-Chiari Byfidrarme Ache 


in libido + Colitis 
OVERDOSAGE 
Serious ili effects have not been reported following acute ingestion of large doses ol 
oral contraceptives by young children. Overdosage may cause nausea, and with 
drawal bleeding may occur in females. 
NON-CONTRACEPTIVE HEALTH BENEFITS 
The following non-contraceptive health benefits related to the. use of oral cantracep- 
fives are suj by epidemiological studies which largely utilized oral contracep. 
tive formulations containing estrogen doses exceeding 0.035 mg of ethinyl estradiol 
or 0.05 mg of mestranal, 
Effects on menses: 
+ Increased menstrual cycle regularity > blood loss and decreased inci 
dence of iron deficiency anemia « Decreased incidence of dysmenorrhea — <- 
Effects related to inhibition of ovulation: E 
. ed incidence of functional ovarian cysts + Decreased incidence of ectopic 
pregnancies é 


in patients receiving oral con 


Effects from long-term use: 


+ Decreased incidence of fibroadenomas and tibrocystic disease of the. breast + 
Decreased incidence of acute pelvic inflammatory disease + Decreased incidence of 
endometrial cancer « Decreased incidence of ovarian cancer à 
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CLINICAL SECTION 
W Clinical Opinion 


Treatment in an obstetric intensive care unit 1 
William C. Mabie, MD, and Baha M. Sibai, MD 
Memphis, Tennessee 


Appropriately selected, critically ill pregnant women can be managed successfully in an 
intensive care unit staffed solely by maternal-fetal medicine specialists. 


Shoulder dystocia: Prevention and treatment 5 
James A. O’Leary, MD, and Helene B. Leonetti, MD 
Jersey City, New Jersey 


Suggestions for ways to prevent shoulder dystocia are described, and an organized treatment 
plan is outlined. 


W Clinical Articles 


Analysis of indications for referral to a multidisciplinary medical genetics 10 
Clinic: Implications for training programs in obstetrics and gynecology 

Allan T. Bombard, MD, David T. Rigdon, MD, Dennis W. Bartholomew, MD, and 

Judith C. Flanagan, MS 

Biloxi, Mississippi 


Advances in clinical genetics, particularly maternal serum a-fetoprotein screening and 
deoxyribonucleic acid diagnosis, necessitate reappraisal and modification of teaching curricula 
for residents and practitioners in our specialty. 


A model for the prospective analysis of perinatal deaths in a perinatal 15 
network 
A. H. Moawad, MD, K. S. Lee, MD, D. E. Fisher, MD, R. Ferguson, MS, and M. Phillippe, MD 


Chicago, Illinois 


This is a prospective study of preventable and nonpreventable causes of perinatal mortality in 
a perinatal network. 
(Contents continued on page 5A) 
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Outstanding image 
quality and more useful 
Clinical information! 


Practitioner tested and proven, convex 
array technology eliminates the prob- 
lem of a narrow near field of view as 
seen with conventional sector scan- 
ners. A full wide aperture is main- 
—" tained throughout 
the entire field of 
view, preserving 
resolution even at 
the sides of the sec- 

tor scan. 


Convex scan showsmore A wide range of 

clinical information. convex transducers 
is available, including our unique 
endovaginal probe designed for ease 
of use, unsurpassed control, and 
superior image quality. Advanced 
software includes an on-screen report 
page. The Aloka 620 — it all adds up to 
a new level of power and versatility for 
your office. 


For more information or a demonstration 
| COROMETRICS call 1-800-624-7265, ext. 453 or 515. 


MEDICAL SYSTEMS, INC. In Connecticut call 265-5631. 


LTRASOUND 


»»»»»»»»»»)»)»»)))»)) 61 Barnes Park Road North Wallingford Conn. 
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Use of the labor-delivery-recovery room in an urban tertiary care hospital 
J. Kell Williams, MD, and Matthew R. Mervis, MD 
: Tampa, Florida 


: _ Experience is presented with 7447 patients admitted to a single room (labor-delivery-recovery) 
for maternity care. 


- Underwear: Contamination by human papillomaviruses 
Christine Bergeron, MD, Alex Ferenczy, MD, and Ralph Richart, MD 
Montreal, Quebec, Canada, and New York, New York 


aie Genital human papillomavirus deoxyribonucleic acid was found in 54 of 74 lesional tissues 
and 13 of 74 swabs from underwear. 


4 Serious infections during pregnancy among women with advanced 
< human immunodeficiency virus infection 
<: Howard L. Minkoff, MD, Anne Willoughby, MD, Hermann Mendez, MD, Gail Moroso, RN, MPH, 
“Susan Holman, RN, MS, James J. Goedert, MD, and Sheldon H. Landesman, MD 
Brooklyn, New York, and Bethesda, Maryland 


Pregnant human immunodeficiency virus—infected women whose CD4 counts were <300 
cells/mm? had an increased risk of serious infections during pregnancy. 


Chlamydia trachomatis infection in pregnancy and effect of treatment 
on outcome 

George M. Ryan, Jr., MD, MPH, Thomas N. Abdella, MD, S. Gene McNeeley, MD, 
ckie S. Baselski, PhD, and David E. Drummond, BA 

Memphis, Tennessee 








Pregnant patients with positive cervical cultures for Chlamydia trachomatis showed increased 
: frequency of premature rupture of membranes and low birth weight and decreased survival; 
» treatment during pregnancy is suggested. 





(Contents continued. on page 6A) 
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> student-rate requests must indicate training status and name of institution. 
= Subseriptions may begin at any time. 
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Does previous Chlamydia trachomatis infection influence the pregnancy 40 
rate of in vitro fertilization and embryo replacement? 

Stellan Osser, MD, Kenneth Persson, MD, Hakan Wramsby, MD, and Percy Liedholm, MD 

Malmö, Sweden 


Previous chlamydial infection, as reflected by the presence of chlamydial antibodies, did not 
influence pregnancy rate after in vitro fertilization and embryo replacement. 


Disseminated intravascular coagulopathy and adult respiratory distress 44 
syndrome: Life-threatening complications of hysteroscopy 

R. Jedeikin, MB, ChB, D. Olsfanger, MB, ChB, and I. Kessler, MD 

Kfar Saba, Israel 





A 23-year-old, healthy female patient developed disseminated intravascular coagulopathy and 
adult respiratory distress syndrome after an overdose of Hyskon solution injected during 
hysteroscopy. 


Neonatal outcome after prolonged preterm rupture of the membranes 46 
Avi Rotschild, MD, Emily W. Ling, MD, Martin L. Puterman, PhD, and Duncan Farquharson, MD 
Vancouver, British Columbia, Canada 


The relative importance of various perinatal factors in predicting pulmonary hypoplasia and 
skeletal compression deformities after prolonged premature rupture of the membranes was 
reviewed. ë 


Smoking, maternal age, fetal growth, and gestational age at delivery 53 
Shi Wu Wen, MS, Robert L. Goldenberg, MD, Gary R. Cutter, PhD, Howard J. Hoffman, MA, 

Suzanne P. Cliver, BA, Richard O. Davis, MD, and Mary B. DuBard, MA 

Birmingham, Alabama, and Bethesda, Maryland 


The negative effect of smoking on both fetal growth and gestational age at birth increases as 
maternal age advances. 


Screening of seven putative 45,X subjects with deoxyribonucleic acid 59 
probes to detect low-level mosaicism for Y cell lines 
Sandra P. T. Tho, MD, Ali Behzadian, PhD, and Paul G. McDonough, MD 


Augusta, Georgia 


Y sequences were not detected in the deoxyribonucleic acid samples from seven living 45,X 
subjects, with the use of sensitive Y-specific probes. 


The effects of RU-38486 on cervical ripening 61 
“Yves Lefebvre, MD, Louise Proulx, PhD, Robert Elie, MD, Omer Poulin, MD, and Eugenia Lanza, RN 
a Montreal, Quebec, Canada 


Random assignment of a single dose of 400 to 600 mg of Mifepristone in women at 7 to 12 
weeks’ gestation induced significant cervical ripening. 





(Contents continued on page 9A) 


6A 





Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin’ 








less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin 


single-dose prophylaxis/ 
twice-daily treatment 


Ix + 


Count on 


CEFOTAN... 


(cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, Briceland LL, Cooper B. The 
conversion of cefoxitin usage to cefotetan: an interdisciplinary approach. Am J Surg. 1988; 
155(5A):101-102. 2. Sochalski A, Sullman S, Andriole VT. Cost-effectiveness study of 
cefotetan versus cefoxitin and cefotetan versus combination antibiotic regimens. Am J Surg 
1988;155(5A):96-101. 3. CEFOTAN® (cefotetan disodium) full prescribing information issued 
March 1986. 4. Physicians’ Desk Reference. ed 43. Oradell, NJ: Medical Economics Co; 1989 
Mefoxin® (cefoxitin sodium, MSD), pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH 
Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. infect 
Surg. April 1986 (suppl), pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, Outman WR, 
Deckers PJ, Martens MG. Comparative pharmacokinetics of cefotetan and cefoxitin in patients 
undergoing hysterectomies and colorectal operations. Am J Surg. 1988;155(SA):67-70 

7. Centers for Disease Control. 1989 Sexually Transmitted Diseases Treatment Guidelines 
MMWR. 1989;38(suppl S-8):1-43. 
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due to indicated organisms 


For intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) i is indicated for the therapeutic treatment of the 
following infections when caused by eyo! strains of the designated organisms: 

Urinary tract infections caused by E coli, fella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 


rettgert, and Morgani morgani. 
Lower respiratory tract infections caused by pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including pai etek ri strains), a species (including K ymoniae), and E coli. 
in and skin structure lons caused by St us aureus (penicillinase- and nonpenicil- 
linase-producing strains), sptococcus pyogenes and Streptococcus 


Staphylococcu: 
species Mccain oma a te fo en E coli. 
Staphylococcus aureus” {including penicillinase- and nonpenicil- 


linase- "producing a stains), Si lococcus epidermidis, Streptococcus species (excluding entero- 
cocci), £ coli, ;, Neisseria gonorrhoeae, Bacteroides species {excluding B distasonis, 
B ovatus, B aa a Fusobacterium species,” and gram-positive anaerobic cocci {including 


Peptococcus and Peptostrepi ee S| agit 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 

rian species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
é £ 

Bone and joint infections caused by Staphylococcus aureus.” 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. bird ii may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside, Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro a a many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the pp and the patient's condition. 
NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should od carefully 
noo especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given reve itis t (s possible that 
nephrotoxici NA may be potentiated if CEFOTAN is used concomitantly with an aminoglyc: 

The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, oe or vaginal hysterectomy, trans- 
urethral surgery, biliary tract Sugen, a astrointestinal surgery) 

The prophylactic dose of CEF should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAIN! 
CEFIN I is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
D ker tad procieas DAE NI T nd lanl ould be made to determine whether the 


fein, or o in, or oar orage: Tis produet sou Ge oes enn aoa prda repao bala: 
ith caution to any wth peared 


Mei t Wan alge ection 
Serious asita hypersensitivity reactions 
Penudomemtanous colitis has been reported 


— Engage ET E 
in associati 


Treatment with broad- secnm aper deire may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by C/ostridium difficile is one primary cause of 
antibiotic-associated colitis. Ch ramine and colestipal resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
leved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic- associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
dees occur during therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 


ticularly colitis. 
INFORMATI ION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcoho! (beer, wine, 


etc.) is ingested within > hours after CEFOTAN administration. Patients should be cautioned about the 
in epon or alcohol of alcoholic Mating following the administration of CEFOTAN. 

S: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
ben IN is ATERACO that nephrotoxicity may be potentiated if CEFOTAN is used concomitantiy with an 


aminoglycoside. 
OR BORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
Sun, and urine creatinine levels by Jaffe reaction and produce false increases in the leveis of 
creatinine re 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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CEFOTAN® (cefotetan disodium) 


developmentaily analogous to late childhood and prepubert in humans) resulted in reduced testi 
weight and seminiferous tubule degeneration in 10 of 10 animals, Affected cells included spermat 
and spermatocytes; Sertoli and Leydig celis were unaffected. Incidence and severity of lesions we 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiote! 
containing antibiotics and impaired fertility has been reported, Lepage pate at high dosed levels. Ne 
testicular effects were observed in 7-week-old rats treated with up to 1 day SC for 5 we 
in infant dogs (3 weeks oid) that received up to 300 mg/kg/day IV for 5 pete relevance of tt 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category 8: Reproduction studies have been performed in ra! 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled stui 
pregnant women. Because animal reproductive studies are not always predictive of human respor 
me is drug shor should be used during pregnancy only if clearly needed. 

URSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 1 
ton should oe exercised when cefotetan is administered to a nursing woman. 
leg USE : Safety and effectiveness in children have not been established. 


In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
periny ed “wheel occurred in 1.5% of patients: the most frequent were diarrhea (1 in 8t 
nausea (1 in 700). 
jematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 ii 
sitive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), S 
4 in 300}, alkaline phosphatase (1 in 700), and LDH (1 in 700). 
Haat reactions were reported in 1.2% of patients and included rash (1 in 150) and itct 
in 


effects were reported in less than 1.0% of patients and included phlebitis at the site of injec 

(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylac 

reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or i 

aan every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
condition of the patient, severity of the infection, and susceptibility of the causative org 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contamina 
surgery in adults, the recommended dosage is 1 or 2.9 of CEFOTAN administered once, intraveno 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be ai 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
Creatinine €i WITH IMPAIRED RENAL FUNCTION 
ml/min Dose Frequ 
>30 Usual Recommended Dosage” Every 12 
10-30 Usual Recommended Dosage* Every 2¢ 
<10 Usual Recommended Dosage” Every 4 


“Dose determined by the type and severity of infection, and susceptibility of the causative organi: 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduce: 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, i 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 m 
When only serum creatinine levels are available, creatinine clearance may be calculated from th 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males; ee 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is fae find and it is recommended that for patients undergoing intermittent hemodi 
sis, one-quarter of the usual recommended dose be given sery 24 hours on days between dialys 
and one-half the usual recommended dose on the day of dialysis. 


CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium eqt 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 9 d 
available in 10 mL ond 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEI 
is also available in a pharmacy bulk package of 10 g in gle mi. vials. The vials should not be store 
erie above 22°C and should be protected from light 
qe in 10 mL vial (NDC 0038-0376-10); 2 g in 20 ml, vial (Noc 0038-0377-20); 1 gin 100 mL viz 
0038-0976-11}; 2 g in 100 mi vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-037! 


Manufactured for 
STUART PHARMACEUTICALS 


A business unit of ICI Americas inc. 


Wilmington, Delaware 19897 USA Rev. 1 11/88 wo B68 
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- Placental production of estradiol and progesterone after oocyte donation 
in patients with primary ovarian failure 
Paul Devroey, MD, Michel Camus, MD, Gianpiero Palermo, MD, Johan Smitz, MD, 

© Linda. Van Waesberghe, BSc, Arjoko Wisanto, MD, Ingrid Wijbo, MD, and 

"André C. Van Steirteghem, MD, PhD 
Brussels, Belgium 


Weekly determination of serum 176-estradiol and progesterone in pregnant patients with 
absence of ovaries indicated that the “luteoplacental shift” occurred before the seventh week 
of pregnancy. 


_ Plasma atrial natriuretic factor and urinary excretion of a ouabain be 
<- displacing factor and dopamine in normotensive pregnant women before 
and after delivery 
Isabelle Gregoire, MD, Najeh El Esper, MD, Jean Gondry, MD, Francis Boitte, MD, 
- Patrick Fievet, MD, Rafat Makdassi, MD, Pierre François Westeel, MD, Jean Daniel Lalau, MD, 
Hervé Favre, MD, A, de Bold, MD, and Albert Fournier, MD 
Amiens, France, Geneva, Switzerland, and Ottawa, Ontario, Canada 


The results suggest the involvement of these hormones in the modifications of sodium balance 
occurring. peripartum. 


-Pregnancy in a homozygous familial hypercholesterolemic patient treated 

with long-term plasma exchange 

itzhak Beigel, MD, Moshe Hod; MD, Jacob Fuchs, MD, Joav Lurie, MD, Shmuel Friedman, MD, 
Pnina Green, MD, Paul Merlob, MD, Ruth Melamed, MD, and Jardena Ovadia, MD 

` Petah Tiqva, Israel 










This article furnishes, for the first time, data with regard to the important role of 
plasma-exchange therapy. in the obstetric care of women with homozygous familial 
hypercholesterolemia. 


Pelviscopic adnexectomy 79 
C. Paul Perry, MD, and James C. Upchurch, MD 
Birmingham, Alabama 


Seventeen patients underwent successful adnexectomy by operative laparoscopy demonstrating 
the benefits of this procedure. 


Embryoscopy: Description and utility of a new technique 82 
Mark T. Cullen; MD, E. Albert Reece, MD, John Whetham, MD, and John C. Hobbins, MD 
New Haven, Connecticut 






Transcervical embryoscopy is a new technique for visualizing the first-trimester conceptus; the 
‘procedure appears to be safe and effective between 7 and 11 weeks’ gestation. 





(Contents continued on page t14) 
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Continuation...an excellent indicator of patient satisfaction. 


The Ortho ALL-FLEX* 
Arcing Spring Diaphragm 


o Easy to insert and position 

o Easy to clean and maintain 

o Easy to use with unscented, colorless, stainless 
GYNOL II* (2% nonoxynol-9) Contraceptive Jelly 

0 The combination for continuation—with 4 out 
of 5 patients continuing after 1 year’ 


Continuation...it's one reason why physicians continue 
to make ORTHO ALLFLEX and GYNOL II the #1 
prescribed diaphragm combination in America? 


Ortho ALL-FLEX* 


Arcing Spring 


D | -AUP-H- R AGM 


»rh bee 
| 
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ALL-FLEX' 


ARCING SPRING DIAPHRAGM 


GYNOLI 88 
A A STAINLESS 


CONTRACEPTIVE JELLY FOR USE WITH DIAPHRAGM ) 


+Number of patients continuing the method for 
12 consecutive months; data on file, Ortho Pharmaceutical Corporation. 


Data on file, Ortho Pharmaceutical Corporation. ORTHO PHARMACEUTICAL CORPORATION 


Consult the patient brochure for information on Raritan, New Jersey 08869-0602 
toxic shock syndrome (TSS) and wearing time. ©OPC 1989 *Trademark OJ-319 
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` The conservative management of patients with symptoms of stress 
incontinence: A randomized, prospective study comparing weighted 
Vaginal cones and interferential therapy 
Karl S, Olah, MB, ChB, Nina Bridges, MCSP, Jan Denning, SRN, and David J. Farrar, MS, FRCS 
: Birmingham, England 








< This prospective study compares two methods of conservatively managing patients with 
-symptoms of stress incontinence; both methods appear equally effective, resulting in a 
decrease in operative intervention, but treatment with the cones appears to require less 
supervision and is thus more cost effective. 


Be Mechanical performance of square knots and sliding knots in surgery: fe e ce 
A comparative study a 
Evert J.C. van Rijssel, MD, J. Baptist Trimbos, MD, PhD, and Maurits H. Booster, X MD. 
-The Hague and Leiden, The Netherlands 


Square knots are not invariably superior to sliding knots but the outcome of comparison 
depends on. knot configuration, suture material, and suture size. 


` Successful pregnancy and normal delivery with Marlex mesh replacement Op 
of the abdominal wall : cess 
Yossef Ezra, MD, Michael M. Krausz, MD, Avraham Rivkind, MD, and Shaul O. Anteby, MD 


Jerusalem, Israel 


We describe a woman with a Marlex mesh-replaced abdominal wall, who had an uneventful 
pregnancy followed by vaginal delivery. 





< Lasting response to ovariectomy in severe intractable premenstrual 
Syndrome 

P. Casson, MD, P. M, Hahn, MSc, D. A. Van Vugt, PhD, and R. L. Reid, MD 
Kingston, Ontario, Canada 





Ovariectomy and concomitant hysterectomy are effective as a last resort in women with 
- well-documented severe premenstrual syndrome that is unresponsive to conventional medical 
interventions. 


The effect of hysterectomy and bilateral oophorectomy in women with 4065 
‘severe premenstrual syndrome ae 
SEN Robert. F. Casper, MD, and Margaret T. Hearn, PhD 
London, Ontario, Canada 


In 14 women with severe premenstrual syndrome, hysterectomy and oophorectomy with 
estrogen replacement resulted in complete resolution of symptoms and dramatic psychological 
improvement. 


-The value of Doppler assessment of the uteroplacental circulation in 110 
-> predicting preeclampsia or intrauterine growth retardation 
_ Sig-Linda Jacobson, MD, Regine Imhof, SCM, Nicki Manning, MB, BS, Vibeke Mannion, SCM; 
David Little, MRCOG, Evelyn Rey, MD, and Christopher Redman, FRCP 
Oxford; England 


An increased resistance index in the uteroplacental arteries at 20 or 24 weeks’ gestation is 
associated with later intrauterine growth retardation but is not a clinically useful 
measurement. 
(Contents continued on page 13A) _ 
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The Permanente Medical Group, the largest multispecialty group 
practice in the U.S., is undergoing explosive growth in its North- 
ern California region: the San Francisco Bay Area, Sacramento and 
the Central Valley. Our rapid increase in membership has created 
opportunities throughout the region for additional BC/BE Obste- 


tricians and Gynecologists. 


As part of a comprehensive health care system made up of the 
Kaiser Foundation Health Plan, Kaiser Foundation Hospitals, and 
our physician-managed group, you will have access to the latest 
medical technology and resources, the support of colleagues in 
all subspecialties — and the opportunity to provide excellent 
health care without the burdens of managing a practice. 


Join us in one of these facilities: 


Walnut Creek — Department of 15 
physicians, a perinatologist and seven 
nurse practitioners. Two physicians 
on call daily. Teaching responsibilities 
for third-year residents affiliated with 
the University of California at San 
Francisco. Clinical appointments at 
UCSF also available. Expansion plans 
include a large ICN, and within five 
years, a completely new hospital. 


Martinez/Antioch — Southern Cali- 
fornia climate, Northern California 
charm, Bay Area location. Primarily in/ 
outpatient GYN, outpatient OB. Seven 
physicians, four nurse practitioners in 
office and hospital practice. Deliver at 
the Walnut Creek Medical Center. 
High-risk pregnancy clinic at Martinez. 
Labor room call once or twice a month. 


Vallejo/Fairfield/Napa — Seventeen 
physicians and four nurse practitioners 
at these facilities. Perform approxi- 
mately 2,900 deliveries per year at the 
Vallejo hospitial and are usually on 
call every eighth night. Affiliated with 
David Grant Medical Center residency 
program at Travis Air Force Base. Val- 
lejo/Fairfield/Napa area offers diverse 
lifestyle options, with both recreational 
and cultural attractions nearby. 


Hayward/Fremont — Full range of 
OB/GYN services with Level IN L&D/ 
ICN, 3000 deliveries yearly. Full time 
staff includes perinatologist and four 
neonatologists. Medical center and 
associated medical office located on 
east shore of San Francisco Bay with 
easy access to entire Bay Area. 


Santa Rosa — In early 1990, opening 
new hospital featuring seven LDR’s. 
Ten OB/GYN physicians and five nurse 
practitioners. Specialties include infer- 
tility, colposcopy, laser surgery and 
hysteroscopy. Call required once every 
nine nights. Located in Northern 
California’s wine country, one hour 
north of San Francisco. 


Santa Clara/Milpitas/Sunnyvale — 
The Santa Clara Medical Center and 
associated medical offices serve 
246,000 members and offer a full range 
of OB/GYN services. 

San Rafael/Petaluma — OB/GYN 
services are available at both the San 
Rafael Medical Center and the new 
Petaluma medical offices, which 
opened in January of 1989. 


San Jose/Gilroy — This department's 
18 physicians average 3,000 deliveries 
per year and offer a full range of 
services including infertility, dysplasia 
and gyn-urology. On-call responsibili- 
ties approximately three nights per 
month. In-house Level II nursery; 
prenatal service shared with our nearby 
Santa Clara hospital. Satellite office in 
Gilroy. Located south of San Francisco 
and about one hour from the Monterey 
coast. The surrounding hills create a 
pleasant environment in which to live 
and work. 


South Sacramento — Eight physicians 
and four nurse practitioners serve 
104,000 members in fast-growing Central 
Valley area. Planning new family- 
oriented L&D facilities. 


Member physicians share TPMG's many benefits, from our leading quality assur- 
ance and continuing education to malpractice coverage and substantial retirement 
programs. For application information, call or send CV to: The Permanente 
Medical Group, Inc., Richmond Prescott, M.D., Physician Recruitment Services, 
1814 Franklin, 4th Floor, Oakland, CA 94612. 800-777-4912. EOE 
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Doppler measurements of fetal and uteroplacental circulations: 
Relationship with umbilical venous blood gases measured at 
cordocentesis 


: = Caterina M. Bilardo, MD, Kypros H. Nicolaides, MD, and Stuart Campbell, MD 
“London, England 





The findings of Doppler investigations of the uteroplacental and fetal circulations are related 
>to the blood gas values in samples obtained by cordocentesis. 





Changes in uterine blood flow during human pregnancy 121 
Israel Thaler, MD, Dorit Manor, MD, Joseph Itskovitz, MD, DSc, Shraga Rottem, MD, DSc, 
: S "Nathan Levit, MD, Han Timor-Tritsch, MD, and Joseph M. Brandes, MD 

A Haifa, Israel 





Transvaginal duplex Doppler ultrasonographic measurements of uterine blood flow throughout 
“pregnancy showed a 3.5-fold increase in flow volume, a 2.3-fold increase in vessel diameter, 
and a 2.3-fold decrease in vessel resistance. 


Plasma exchange for preeclampsia. |. Postpartum use for persistently 126 
severe preeclampsia-eclampsia with HELLP syndrome he 
James N. Martin, Jr., MD, Joe C. Files, MD, Pamela G. Blake, MSN, Patricia H. Norman, MD, 

Rick W. Martin, MD, L. Wayne Hess, MD, John C. Morrison, MD, and Winfred L. Wiser, MD 

Jackson, Mississippi 


ES “The successful use of plasma exchange with fresh-frozen plasma for the treatment of severe 
i i preeclampsia-eclampsia with HELLP syndrome persisting >72 hours post partum is shown in 
“seven: patients. 


Anti-vascular endothelial cell antibodies in severe preeclampsia 138 
Valerie J. Rappaport, MD, Greigh Hirata, MD, Hui Kim Yap, MD, and Stanley C. Jordan, MD 
Los Angeles, California 





Binding of immunoglobulin to isolated human umbilical vein endothelial cells is detected in 
significantly more patients with severe preeclampsia than in normal pregnant controls. 


Mitochondrial myopathy and preeclampsia associated with pregnancy 146. 
Kathleen Berkowitz, MD, Ana Monteagudo, MD, Frances Marks, MD, Unjara Jackson, MD, 

and Laxmi Baxi, MD 

New York, New York 


~The management of a pregnancy complicated by preeclampsia in a patient with mitochondrial 
myopathy is. discussed. 


Estrogen replacement therapy and the risk of endometrial cancer: 148 
Remaining controversies 
George L. Rubin, MB, BS, Herbert B. Peterson, MD, Nancy C. Lee, MD, Edmond F. Maes, PhD, 

~. Phyllis A. Wingo, MS, and Stan Becker, PhD 

= Atlanta, Georgia 


The increased risk of endometrial cancer associated with estrogen replacement therapy 
without progestins was dependent on duration of therapy and persisted beyond discontinuation 
-of therapy. 
i (Contents continued on page 14A) 
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Statistical evaluation of diagnostic criteria for bacterial vaginosis 

Jessica L. Thomason, MD, Sheldon M. Gelbart, PhD, Robert J. Anderson, PhD, 

Ann K. Walt, RNC, OGNP, Peter J. Osypowski, MLT(ASCP), and Fredrik F. Broekhuizen, MD 
Milwaukee, Wisconsin, and Chicago, Hlinois 


Signs, symptoms, and microscopic findings of bacterial vaginosis were compared statistically, 
both individually and in clusters, for positive and negative predictive values to identify the 
most clinically reliable diagnostic criteria. 


Clear cell carcinoma of the sigmoid mesocolon: A tumor of the 

secondary miillerian system 

Hilary Evans, MD, William A. Yates, MD, William E. Palmer, MD, Richard L. Cartwright, MD, 
and Richard W. Antemann, MD 

Johnstown, Pennsylvania 


Clear cell carcinoma, which was found in the sigmoid mesocolon of a 54-year-old woman 16- 
years after the removal of all ovarian tissue, arose from the secondary miillerian system, 


Vulvar leiomyosarcoma in pregnancy 
Jeffrey A. Kuller, MD, Peter K. Zucker, MD, and Thomas C. C. Peng, MD 
Baltimore, Maryland 


The first case of vulvar leiomyosarcoma occurring during pregnancy is reported and the need 
to perform biopsy of vulvar lesions during pregnancy is emphasized. 


Bilateral ovarian neoplasms and the risk of malignancy 


Paul P: Koonings, MD, David A. Grimes, MD, Keith Campbell, MD, and Marianne Semamervale MD 


Los Angeles, California 


Bilateral ovarian neoplasms had a 2.6-fold increased-risk of malignancy when compared with 
‘that of unilateral ovarian neoplasms (95% confidence interval, 1.4 to 2.3). 


Limitations of antenatal fetal heart rate monitors 
G. S. Dawes, DM, FRS, M. Moulden, and C. W. G. Redman, FRCP 
Oxford, England 


Erroneous or doubtful decelerations were identified in 111 of 1000 consecutive antenatal fetal 
heart rate records made with monitors equipped with autocorrelation. 


Predicting neonatal morbidity after perinatal asphyxia: A scoring system 
Ronald J. Portman, MD, Brian S. Carter, MAJ, MC, USA, Mark S. Gaylord, MD; 

M. Gail Murphy, MAJ, MC, USA, Rita E. Thieme, RN, and Gerald B. Merenstein, MD 
Denver, Colorado 


A scoring system composed of fetal heart rate pattern, base deficit, and 5-minute Apgar score 
is presented as a tool to predict neonatal morbidity. 


14A 


155 


161 


164 


167 


170 


174 








Contents 














The possible association of maternal enalapril use and adverse pregnancy outcome is 









Prepregnancy weight status, prenatal weight gain, and the outcome of 
term twin gestations 

_ Judith E. Brown, PhD, and Patricia T. Schloesser, MD 

Minneapolis, Minnesota, and Topeka, Kansas 


Prenatal weight gains associated with the delivery of twins of desired weight are 44.2 pounds 
for underweight and 40.9 pounds for normal weight women. 


Oligohydramnios sequence and renal tubular malformation associated 

: with maternal enalapril use 

E Christopher Cunniff, MD, Kenneth Lyons Jones, MD, Julia Phillipson, MD, Kurt Benirschke, MD, 
- Sandra Short, MD, and Joseph Wujek, MD 


San Diego, California 
discussed. 


Different characteristics of amniotic and cervical collagenous tissue 
-during pregnancy and delivery: A morphologic study 

Yoshinobu Yoshida, MD, and Yukio Manabe, MD 

Shiga and Kyoto, Japan 


According to our morphologic study, collagenous tissue in human amnion, in contrast to that 
in the uterine cervix, is not dissociated during pregnancy and delivery. 


Immunoreactive corticotropin-releasing hormone in amniotic fluid 
Atsushi Sasaki, MD, Osamu Shinkawa, MD, and Kaoru Yoshinaga, MD 
E Wakayanagi and Sendai, Japan 





Immunoreactive corticotropin-releasing hormone is present in human amniotic fluid; its 
detection in human placentas but not in rat placentas suggests that its mechanism of gene 
expression is species specific. 


The effect of indomethacin on the pulsatility index of the umbilical artery 499 
in human fetuses 
Kenneth J. Moise, Jr., MD, Giancarlo Mari, MD, Brian Kirshon, MD, James C. Huhta, MD, 
«Scott W. Walsh, PhD; and Lorraine Cano, RN, BSN 
-© Houston, Texas 


Maternal indomethacin therapy does not alter the pulsatility index of the umbilical artery, 
even in those human fetuses with constriction of the ductus arteriosus. 


Chronic, massive fetomaternal hemorrhage treated with repeated fetal 203 
intravascular transfusions 
Richard L. Fischer, MD, Kathleen Kuhlman, MD, Joseph Grover, MD, Owen Montgomery, MD, 
and Ronald J. Wapner, MD 
Philadelphia, Pennsylvania 


A case of a chronic, massive fetomaternal hemorrhage managed by serial fetal intravascular 
transfusions is reported. 
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Controlling refractory atonic postpartum hemorrhage with Hemabate 
sterile solution 
MerriKay A. Oleen, PhD, and Joseph P. Mariano, MD 


Kalamazoo, Michigan 


A multicenter surveillance of Hemabate sterile solution supports its use in the prescribed 
dosage for the treatment of atony-induced postpartum hemorrhage that is unresponsive to 
conventional pharmacologic treatment. 


Prediction of fetal anemia by measurement of the mean blood velocity in 
the fetal aorta 

Kypros H. Nicolaides, MD, Caterina M. Bilardo, MD, and Stuart Campbell, MD 

London, England 


In 68 red blood cell isoimmunized pregnancies there were significant correlations between the 
deficit in fetal hemoglobin concentration and the mean velocity of blood in the fetal thoracic 
aorta. 


Intrauterine growth retardation and preterm delivery: prenatal risk 

factors in an indigent population 

Shi Wu Wen, MS, Robert L. Goldenberg, MD, Gary R. Cutter, PhD, Howard J. Hoffman, MA, 
and Suzanne P. Cliver, BA 

Birmingham, Alabama, and Bethesda, Maryland 


Risk factors determined prenatally for both IUGR and preterm delivery were studied in a 
large indigent population. 


The tap test: Confirmation of a simple, rapid, inexpensive, and reliable 
indicator of fetal pulmonary maturity 
Michael L. Socol, MD 


Chicago, Illinois 


The tap test is a simple, rapid, inexpensive, and reliable indicator of fetal pulmonary maturity 
that. is conducive to a cascade scheme of fetal lung assessment or use in a facility where the 
phospholipid profile is not available 24 hours a day. 


The relationship of maternal erythrocyte oxygen transport parameters to 
intrauterine growth retardation 

Edwin G. Brown, MD, Glenn J. B. Mendoza, MD, Frank A. Chervenak, MD, Bernard Z. Karmel, PhD, 
Richard W. Krouskop, MD, Michael H. LeBlanc, MD, Robert M. Winslow, MD, and 

George W. Moll, Jr., MD, PhD 

New York, New York, Jackson, Mississippi, and San Francisco, California 


Reduced concentration of maternal 2,3-diphosphoglycerate hemoglobin molar ratio and a 
lower Psp value are related significantly to intrauterine growth retardation. 


Intrauterine growth and spastic cerebral palsy. I. Association with birth 
weight for gestational age > 

Eve Blair, PhD, and Fiona Stanley, MD, MSc, MFCM 

Nedlands, Western Australia 


In a geographically defined population, congenital spastic cerebral palsy. was associated with 
poor intrauterine growth in those white infants delivered at >33 weeks’ gestation. 
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rhea estimation of fetal weight in the clinically macrosomic 238 
etus 


Greigh I. Hirata, MD, Arnold L. Medearis, MD, Janet Horenstein, MD, Moraye B. Bear, MA, MS, 
cand Lawrence D. Platt, MD 
Los Angeles, California 


Published formulas for the estimation of fetal weight are compared with a set of generated 
formulas in a population of macrosomic infants and recommendations for use of specific types 
of formulas are made. 


Maternal reproductive histories in ataxic cerebral palsy 242 
: Geoffrey Miller, MD ; 
© Perth, Australia 


An abnormal history of fetal loss was not found in mothers of those with a cerebral palsy 
syndrome, where prenatal factors play an important role. 


Current Development 


Cushing’s syndrome and pregnancy 244 
David C. Aron, MD, Adrian M. Schnall, MD, and Leslie R. Sheeler, MD 
Cleveland, Ohio 


When Cushing's syndrome occurs in pregnancy, maternal and fetal risks increase markedly, 


: but the diagnosis. may be delayed and difficult to make. 
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Umbilical amino acid concentrations in normal and growth-retarded 253 
fetuses sampled in utero by cordocentesis 

Irene Cetin, MD, Carlo Corbetta, MD, Lucia P. Sereni, MD, Anna Maria Marconi, MD, 

Patrizia Bozzetti, MD, Giorgio Pardi, MD, and Frederick C. Battaglia, MD 

Milano, Italy, and Denver, Colorado 


A significant reduction in most essential amino acid concentrations is shown in 
small-for-gestational-age fetuses sampled in utero by cordocentesis between 27 and 39 weeks’ 
gestation. 


Effects of hypoxemia with and without acidemia on the isometric 262 
contraction time and the electromechanical delay of the fetal mycardium: 

An experimental study on the ovine fetus 

Jean-Claude Fouron, MD, Josée S. Lafond, PhD, and Harry Bard, MD 


Montreal, Quebec, Canada 


Fetal hypoxemia can cause misleading interpretation of systolic time intervals. 


CA 125 is released by human amnion cells in culture 266 
Antonella Barbati, PhD, Maurizio M. Anceschi, MD, PhD, Lorena Broccucci, BSc, and 

Ermelando V. Cosmi, MD 

Perugia, Italy 


CA 125 was detected in the cells and culture medium of human amnion cells cultured from 

_ term placentas. 
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Rabbit alveolar -adrenergic receptors increase with gestational age 269 
Vivian Lewis, MD, Andrea C. Goldfien, Joseph P. Day, and James M. Roberts, MD 
San Francisco, California, and Chicago, Illinois 


Because of the known importance of -adrenergic receptors in pulmonary maturation, we used 
autoradiography to study the distribution of these receptors in fetal rabbit lungs, compared 
with that in adults. 


Expression of the human inhibin a-subunit gene in preovulatory 273 
granulosa-theca cellis 
William N. Burns, MD, John R. McGill, PhD, Arun K. Roy, PhD, and Robert S. Schenken, MD 


San Antonio, Texas 


Expression of the human a-inhibin gene was detected with Northern blots in preovulatory 
granulosa-theca cells. 


Local cerebral blood flow is increased in rapid-eye-movement sleep in 278 
fetal sheep 

R. M. Abrams, PhD, J. C. Post, MD, D. J. Burchfield, MD, K. J. Gomez, MD, 

A. A. Hutchison, MB, ChB, and M. Conlon, PhD 

Gainesville, Florida 


A thermal method was used to measure significant increases in local cerebral blood flow 
accompanying rapid-eye-movement sleep in fetal sheep. 


Sound environment of the fetal sheep 282 
Kenneth J. Gerhardt, PhD, Robert M. Abrams, PhD, and Calvin C. Oliver, PhD 
Gainesville, Florida 


Intense noises delivered to the side of pregnant sheep produce intrauterine sound pressures 
that are undiminished for low frequencies (<0.25 kHz) and reduced by up to 20 dB for high 
frequencies (>4.0 kHz). 
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Bo Jesper Hansen, MD Hvidovre, Denmark 291 
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Management of isoimmunized pregnancy by use of intravascular techniques Manuel Porto, MD, 
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Calcium every day 
Aerobics every week 


Bone loss every year 


She needs PREMARIN to help 
prevent further bone loss 


Calcium’ and exercise are not enough to prevent post- 
menopausal osteoporosis, since estrogen deficiency is the 
primary cause.? PREMARIN is the only brand of estrogen 
indicated to prevent further bone loss and in a recently 
published study has been shown to reduce the risk of 

hip fractures by as much as 66%.° 


Early PREMARIN therapy 
offers the best protection 


The most significant rate of bone loss occurs in early 
menopause. PREMARIN can help maintain bone mass, 


preventing the progression of osteoporosis and 
its consequences. 


Protection continues as long as 
estrogen therapy continues 


Clinical studies show that within three years of menopause 
when therapy is withdrawn, bone loss begins again.* 


PREMARIN 


(conjugated estrogens tablets) 


Proven benefits 
for menopause and beyond 


See important information on adjacent page. 


For moderate-to-severe 
vasomotor symptoms and 
for osteoporosis 


PREMARIN’ 


(conjugated estrogens tablets) 


0.3mg 0.625mg 0.9mg 1.25mg 2.5 mg 


The appearance of these tablets is a trademark of Wyeth-Ayerst Laboratories. 


For atrophic vaginitis 


PREMARIN’ 


(conjugated estrogens) 


Vaginal 
Cream 


0.625 mg/g 








PT A (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION. SEE PACKAGE 
IRCULARS.) 


PREMARIN® Brand of conjugated estrogens tablets, USP 
PREMARIN® Brand of conjugated estrogens Vaginal Cream, in a nonliquefying base 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL CARCINOMA 
Three independent, case-controlled studies have reported an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for more than one year. This risk was independent 
of the other known risk factors for endometrial cancer. These studies are further supported by the finding 
that incidence rates of endometrial cancer have increased sharply since 1969 in eight different areas of the 
United States with population-based cancer reporting systems, an increase which may be related to the 
rapidly expanding use of estrogens during the last decade. The three case-controlled studies reported that 
the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 times greater than in nonusers. The 
risk appears to depend on both duration of treatment and on estrogen dose. In view of these findings, when 
estrogens are used for the treatment of menopausal symptoms, the lowest dose that will control symptoms 
should be utilized and medication should be discontinued as soon as possible. When prolonged treatment 
is madically indicated, the patient should be reassessed on at least a semi-annual basis to determine the 
need for continued therapy. Although the evidence must be considered preliminary, one study suggests that 
cyclic administration of low doses of estrogen may carry less risk than continuous administration; it 
therefore appears prudent to utilize such a regimen. Close clinical surveillance of all women taking 
estrogens is important. In all cases of undiagnosed persistent or recurring abnormal vaginal bleeding, 
adequate diagnostic Measures should be undertaken to rule out malignancy. There is no evidence al present 
that “natural” estrogens are more or less hazardous than “synthetic” estrogens at equi-estrogenic doses 
2 ESTROGENS SHOULD NOT BE USED DURING PREGNANCY 

The use of female sex hormones, both estrogens and progestogens, during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal 
estrogen, have an increased risk of developing, in later life, a form of vaginal or cervical cancer that is 
ordinarily extremely rare. This risk has been estimated as not greater than 4 per 1,000 exposures 
Furthermore, a high percentage of such exposed women (from 30% to 90%) have been found to have 
vaginal adenosis, epithelial changes of the vagina and cervix peg these changes are histologically 
benign, it is not known whether they are precursors of malignancy. Although similar data are not available 
with the use of other estrogens, it cannot be presumed they would not induce similar changes. Several 
feports suggest an association between intrauterine exposure to female sex hormones and congenital 
anomalies, including congenital heart defects and limb-reduction defects. One case-controlled study 
estimated a 4 7-fold increased risk of limb-reduction defects in infants exposed in utero to sex hormones 
(oral contraceptives, hormone withdrawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved only a few days of treatment. The data 
Suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than 1 per 1,000. In the 
past, female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications, and there is no 
evidence from well-controlled studies that progestogens are effective for these uses. If PREMARIN is used 
during pregnancy, or if the patient becomes pregnant while taking this drug, she should be apprised of the 
Potential risks to the fetus, and the advisability of pregnancy continuation 







DESCRIPTION: PREMARIN (conjugated estrogens, USP) contains a mixture of estrogens, obtained exclusively 
from natural sources, blended to represent the average composition of material derived from pregnant mares’ 
urine. It contains estrone, equilin, and 17a-dihydroequilin, together with smaller amounts of 17c-estradiol, 
equilenin, and 17a-dihydroequilenin as salts of their sulfate esters. Tablets are available in 0.3 mg, 0.625 mg, 0.9 
mg, 1.25 mg, and 2.5 mg strengths of conjugated estrogens. Cream is available as 0.625 mg conjugated 
estrogens per gram 

INDICAT INS AND USAGE: PREMARIN (conjugated estrogens tablets, USP): Moderate-to-severe vasomotor 
symptoms associated with the menopause. (There is no evidence that estrogens are effective for nervous 
symptoms or depression without associated vasomotor symptoms and they should not be used to treat such 
Conditions.) Osteoporosis (abnormally low bone mass). Atrophic vaginitis. Kraurosis vulvae. Female castration 
å PREMARIN (conjugated estrogens) Vaginal Cream is indicated in the treatment of atrophic vaginitis and 

faurosis vulvae. 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREGNANCY AND ITS 
USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED WARNING). 

CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the following conditions 
1. Known or suspected cancer of the breast except in appropri selected patients being treated for metastatic 
disease. 2. Known or suspected estrogen-dependent neoplasia. 3. Known or suspected pregnancy (see Boxed 
Warning). 4. Undiagnosed abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disorders 
6. A past history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
estrogen use (except when used in treatment of breast or prostatic malignancy). 

WARNINGS: Estrogens have been reported to increase the risk of endometrial carcinoma (see Boxed Warning) 
However, a recent large, case-controlled study indicated no increase in risk of breast cancer in postmenopausal 
women. A recent study has reported a 2- to 3-fold increase in the risk of surgically confirmed gallbladder disease 
in women receiving postmenopausal estrogens. 

Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used to treat prostatic or 
breast cancer or postpartum breast engorgement; it has been shown that there is an increased risk of thrombosis 
in men receiving estrogens for prostatic cancer and women for postpartum breast engorgement. Users of oral 
contraceptives have an increased risk of diseases, such as thrombophlebitis, pulmonary embolism. stroke, and 
myocardial infarction. Cases of retinal thrombosis, mesenteric thrombosis, and optic neuritis have been reported 
in oral contraceptive users. An increased risk of postsurgery thromboembolic complications has also been 
reported in users of oral contraceptives. If feasible, estrogen should be discontinued at least 4 weeks before 
surgery of the type associated with an increased risk of thromboembolism, or during periods of prolonged 
immobilization. Estrogens should not be used in persons with active thrombophlebitis, thromboembolic 
disorders, or in persons with a history of such disorders in association with estrogen use. They should be used 
with caution in patients with cerebral vascular or coronary artery disease. Large doses (5 mg conjugated 
estrogens per day), comparable to those used to treat cancer of the prostate and breast, have been shown to 
increase the risk of nonfatal myocardial infarction, pulmonary embolism, and thrombophlebitis. When doses of 
this size are used, any of the thromboembolic and thrombotic adverse effects should be considered a clear risk 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain and tenderness, 
abdominal mass, or hypovolemic shock. Hepatocellular carcinoma has been reported in women taking estrogen- 
Containing oral contraceptives. Increased blood pressure may occur with use of estrogens in the menopause and 
blood pressure should be monitored with estrogen use. A worsening of glucose tolerance has been observed in 
Patients on estrogen-containing oral contraceptives. For this reason, diabetic patients should be carefully 
observed Sr an may lead to severe hypercalcemia in patients with breast cancer and bone metastases 
PRECAUTIONS: Physical examination and a complete medical and hnil history should be taken prior to the 
initiation of any estrogen therapy with special reference to blood pressure, breasts, abdomen, and pelvic organs. 
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and should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed tor longer than 
one year without another physical examination being performed. Conditions influenced by fluid retention, such 
as asthma, epilepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patients may 
develop manifestations of excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding, 
mastodynia, etc. Prolonged administration of unopposed estrogen therapy has been reported to increase the risk 
of endometrial hyperplasia in some patients. Oral contraceptives appear to be associated with an increased 
incidence of mental depression. Patients with a history of depression should be carefully observed. Pre-existing 
uterine leiomyomata may increase in size during estrogen use. The pathologist should be advised of estrogen 
therapy when relevant specimens are submitted. If jaundice develops in any patient receiving estrogen. the 
Medication should be discontinued while the cause is investigated. Estrogens should be used with care in 
patients with impaired liver function, renal insufficiency, metabolic bone diseases associated with hypercalcemia, 
OF in young patients in whom bone growth is not yet complete. If concomitant progestin therapy is used, potential 
risks may include adverse effects on carbohydrate and lipid metabolism 

Concomitant Progestin Use: The lowest effective dose appropriate for the specific indication should be 
utilized. Studies of the addition of a progestin for 7 or more days of a cycle of estrogen administration have 
reported a lowered incidence of endometrial hyperplasia. Morphological and biochemical studies of the 
endometrium suggest that 10 to 13 days of progestin are needed to provide maximal maturation of the 
endometrium and to eliminate any hyperplastic changes. Whether this will provide protection trom endometrial 
Carcinoma has not been clearly established. There are possible additional risks which may be associated with the 
inclusion of progestin in estrogen replacement regimens. The choice of progestin and dosage may be important in 
minimizing possible adverse effects 

The following changes may be expected with larger doses of estrogen: 

a. Increased sulfobromophthalein retention 

b. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability. 

C. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone, as 
measured by PBI, T4 by column, or T, by radioimmunoassay. Free T4 resin uptake is decreased, reflecting the 
elevated TBG; tree A concentration is unaltered 

d. Impaired glucose tolerance. 

e. Decreased pregnanediol excretion 

t. Reduced response to metyrapone test 

g. Reduced serum folate concentration 

h. Increased serum triglyceride and phospholipid concentration 

As a general principle, the administration of any drug to nursing mothers should be done only when clearly 
necessary since many drugs are excreted in human milk 

Long-term, continuous administration of natural and synthetic estrogens in certain animal species increases 
the frequency of carcinomas of the breast, cervix, vagina, and liver. However, in a recent, large case-controlled 
Study of postmenopausal women there was no increase in risk of breast cancer with use of conjugated estrogens 
ADVERSE R ONS: The following have been reported with estrogenic therapy, including oral con- 
traceptives: breakthrough bleeding, spotting, change in menstrual flow; dysmenorrhea: premenstrual-like 
syndrome; amenorrhea during and after treatment; increase in size of uterine fibromyomata; vaginal candidiasis, 
change in cervical erosion and in degree of cervical secretion; cystitis-like syndrome: tenderness, enlargement, 
Secretion (of breasts); nausea, vomiting, abdominal cramps, bloating: cholestatic jaundice; chloasma or 
melasma which may persist when drug is discontinued; erythema multiforme; erythema nodosum; hemorrhagic 
eruption; loss of scalp hair, hirsutism, steepening of corneal curvature; intolerance to contact lenses; headache, 
migraine, dizziness, mental depression, chorea; increase or decrease in weight; reduced carbohydrate tolerance: 
aggravation of Ba hyria; edema; changes in libido 

UTE OVERDOSAGE: May cause nausea, and withdrawal bleeding may occur in females: 

DOSAGE AND ADMINISTRATION: 

PREMARIN® Brand of conjugated estrogens tablets, USP 

1. Given cyclically for short-term use only. For treatment of moderate-to-severe vasomotor symptoms; atrophic 
vaginitis, or kraurosis vulvae associated with the menopause (0.3 mg to 1.25 mg or more daily). The lowest dose 
that will control symptoms should be chosen and medication should be discontinued as promptly as possible. 
Administration should be cyclic (eg, three weeks on and one week otf). Attempts to discontinue or taper 
medication should be made at three- to six-month intervals 

2. Given cyclically: Osteoporosis. Female castration. Osteoporosis —0.625 mg daily. Administration should be 
cyclic (eg, three weeks on and one week otf). Female castration—1.25 mg daily, cyclically. Adjust upward or 
downward according to response of the patient. For maintenance, adjust dosage to lowest level that will provide 
effective control. 

Patients with an intact uterus should be monitored for signs of endometrial cancer and appropriate measures 
taken to rule out malignancy in the event of persistent or recurring abnormal vaginal bleeding. 

PREMARIN® Brand of conjugated estrogens Vaginal Cream 
Given eerca for short-term use only. For treatment of atrophic vaginitis or kraurosis vulvae 

The lowest dose that will control symptoms should be chosen and medication should be discontinued as 
promptly as possible. 

Administration should be cyclic (eg, three weeks on and one week oft) 

Attempts to discontinue or taper medication should be made at three- to six-month intervals 

Usual dosage range: 2 g to 4 g daily, intravaginally, depending on the severity of the condition 

Treated patients with an intact uterus should be monitored closely for signs of endometrial cancer and 
appropriate diagnostic measures should be taken to rule out malignancy in the event of persistent or recurring 


abnormal vaginal bleeding z ART 
levised October 
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For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency. in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to. twice their 
original size. If it is important to deviate from. this. 
standard, please so indicate when the material is submit- 
ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
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For black-and-white illustrations submit three sets of 
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unmounted, glossy photographic prints. All lettering must 
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is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
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Do not use paper clips or mar the surface of prints in any 
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be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
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the Editors for elaborate tables because of space limita- 
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Legends to illustrations. Legends for all figures must be 
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sequence after the references. Titles should be included in 
the legend, not on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 
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Current ‘Development: Limit of 6000: words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the Jour- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 
“Response declined” will be published. As space for letters 
is limited, only a selection of letters submitted may be 
published. (2) A brief case presentation or a short report of 
a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
should be typed double-spaced. The original and a good 
photocopy must be submitted. Letters should be sent to Dr. 
Zuspan. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C.V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
The C.V. Mosby Company, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318, or call Journal Adver- 
tising Production Manager (314) 872-8370. 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

~The original and two copies of the manuscript are sub- 
mitted. 

--The appropriate signed completed checklist and assign- 

ment of copyright signed by all authors accompany the 
manuscript. 

—Three sets of unmounted glossy photographic prints are 
submitted, properly numbered and labeled on the back of 
each print. 

“Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

—~Human experimentation has been approved by the local 
institution as stated in the Methods section. 

.-Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 

<- Methods section. 

_—-The covering letter with essential information is with the 
manuscript. 

_-All elements of the manuscript are typed double-spaced 
on bond paper with 1-inch margins at top, bottom, and 
sides. 

—All pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to the study, references, legends, and tables. 

Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

-—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any co-authors that might pose a conflict of interest is 
described. 


Previous publications 
Enclosed with the submitted manuscript are two reprints 
each of articles the author or co-authors have previously 
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published or have in manuscript form dealing with same 
patients, same animals, same laboratory experiment, or 
same data, in part or in full, as those reported in the 
submitted manuscript. Further explanation is provided in 
the covering letter that accompanies the submitted 
manuscript. 


Title page 

— These elements are given in the following sequence, and 
are typed double-spaced. 

—Title 

—Author(s) name(s) and highest academic degree(s} 

—City(ies), state(s), and country other than US. in which 
the study was conducted are given 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 


vided and the author(s) institutional affiliation at thetime oo 


of the study is indicated 

—Acknowledgment of financial support is cited 

—Name, address, and business and home telephone num- 
bers of author to whom requests for reprints are to be sent 

—Reprints will not be available. This has been stated on the 
title page 

—-Since the corresponding author is different from the au- 
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New Advances in DNA Technology 


LIFEBANK has forged new advances in research to read the identifying information 
contained in DNA from infancy through adulthood. We have pioneered a system—LIFEPRINT" 
DNA Profile and LIFEFILE” DNA Storage—for coding and storing DNA, giving your patients 
the most accurate method for identification. It takes only a small blood sample drawn in the 
hospital, or office and processed with complete security and confidentiality by LIFEBANK. 

LIFEBANK recognizes that parents may request your guidance in providing the most 
accurate identification method for their newborn. Since baby bracelets, footprinting and 
fingerprinting have demonstrated their shortcomings, DNA printing offers a unique form 
of identification and control unavailable to you, or your patients in the past. 


Conclusive identification of any infant can be achieved with the DNA LIFEPRINT Service. 
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DNA printing is more reliable than all other known methods of identification. Unlike 
footprinting and fingerprinting, identification through DNA LIFEPRINT is virtually 100% 
accurate. 


The LIFEBANK state of the art laboratory and facility process and store all DNA samples 
with complete confidentiality. Scientists and professionally trained technicians supervise 
the highly clinical environment. 


A comprehensive security system has been installed at the facility to ensure the security 
of the stored DNA and test results. Each infant receives a coded certificate, certifying the 
LIFEBANK commitment to patient fulfillment. 


LIFEBANK supplies easy to use blood collection kits to the hospital for sampling of your 
patient's cord blood. Immediate processing and certification of the blood sample is 
guaranteed! 


The infant's DNA will be stored and maintained at the clinical laboratory for their future use. 
LIFEBANK assures the stability of the stored sample for 18 years. 


LIFEBANK is committed to providing professional service to you in support of our DNA 
technology. This includes comprehensive medical and technical support, patient education 
material and professionally trained sales representatives. 


For more information, call toll free 1-800-448-6144, In New Jersey, call 201-722-2525. 
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Bridgewater, NJ 08807 








LIFEBANK, committed to providing the latest advances in DNA-based technol- 
ogy to the obstetrician and consumer, builds on the research and development 
excellence of LIFECODES, the leader in human DNA applications. Both are wholly 
owned subsidiaries of Quantum Chemical, a multi-billion dollar corporation with 
a tradition of unsurpassed leadership, quality and excellence in research and 
technology. LIFEBANK expands on this tradition as an innovator in DNA technol- 
ogy applications through a commitment to research and development for today 
and the future. 

The services of LIFEBANK, including LIFEPRINT and LIFEFILE offer today’s and 
future generations the opportunity to test and store DNA for identification 
purposes, as well as for genetic diagnostic and therapeutic use. As DNA 
technology advances, LIFEBANK will be at the vanguard bringing the latest 
developments and services to benefit the world community. 
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Clinical Opinion 


Treatment in an obstetric intensive care unit 


William C. Mabie, MD, and Baha M. Sibai, MD 
Memphis, Tennessee i 


A three-bed intensive care unit was opened in the labor and delivery area of a city-county hospital having 
approximately 7500 deliveries annually. The utilization rate of 0.9% and the severity of iliness were sufficient 
to justify such a unit, Main indications for admission were hypertensive disorders (46%), massive hemorrhage 
(10%), and medical problems of pregnancy (44%). Identifiable benefits of the unit were as follows: (1) 
Intensive observation and organization allowed for prevention or early recognition and treatment of 
complications; (2) familiarity with invasive monitoring permitted personnel to exert prompt, rational treatment 
of hemodynamically unstable patients; (3) continuity of care was improved before and after delivery; (4) 
residents and fellows learned a great deal about intensive care and the management of rare medical 
complications of pregnancy. We conclude not only that critically ill pregnant women can be managed 
successfully in an obstetric intensive care unit but also that critical care is a bona fide part of obstetric 
practice and has been incorporated into our training program. (Am J Osstet GYNECOL 1990;162:1-4.) 


Key words: Intensive care, Swan-Ganz catheter, medical complications of pregnancy 


Maternal-fetal medicine, along with reproductive en- 
docrinology and gynecologic oncology, was recognized 
as a subspecialty by the American Board of Obstetrics 
and Gynecology in 1972.’ The first examinations were 
given and the first certificates of special competence 
were issued in 1974.” These developments were in re- 
sponse to practice patterns already well established at 
the time. A 1972 survey of 11,689 diplomates of the 
board revealed that 14.1% of the respondents limited 
their practice to an area of special interest such as ob- 
stetrics, reproductive endocrinology, or gynecologic on- 
cology.* Although in utero diagnosis and fetal therapy 
are the primary focus of current research in maternal- 
fetal medicine, a major clinical role of the subspecialist 
in maternal-fetal medicine continues to be that of an 
“internist for pregnant women.” The obstetric intensive 
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care unit can thus be seen as a product of the evolution 
of maternal-fetal medicine. 

The intensive care unit had its origin in the post- 
operative recovery room. In 1863, Florence Nightin- 
gale wrote that it was not uncommon in community 
hospitals to have a small area set aside near the oper- 
ating rooms for patients recovering from the imme- 
diate effects of surgery. Walter Dandy started a post- 
operative neurosurgical unit at Johns Hopkins in 1923. 
Dwight Harkin established a cardiac surgical unit in 
Boston in 1951. During the Scandinavian polio epi- 
demic of 1952, a special 105-bed respiratory care 
unit was set up at Blegdam Hospital in Copenhagen 
for endotracheal intubation and intermittent positive- 
pressure ventilation in patients with polio.* The first 
coronary care unit was established by Hughes Day’ in 
Kansas City in 1962. There were many other pioneers 
in the development of adult, pediatric, and neonatal 
intensive care units, but the philosophy was the same: 
Put the sickest patients in a room with the best nurses 
in a 1:1 or 2:1 patient-to-nurse ratio. 

The purpose of this communication is to describe the 
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Table I. Main indications for intensive care 
unit admission 





Hypertensive disorders. 92 
(eclampsia, n = 21; pulmo- 
nary edema, n = 10) 

Massive hemorrhage 21 
(abruptio placentae; n = 9, 
placenta accreta, n = 3) 


Medical problems of pregnancy 87 
Cardiac 19 
Pulmonary 14 
Renal i 12 
Sepsis ‘ 9 
Gastrointestinal 8 
Endocrine 7 
Central nervous system 7 
Other 1] 








development of and initial experience with an obstetric 
intensive care unit detailing equipment, staffing, types 
of patients treated, and lessons learned. 


Population served 


In January 1986 a three-bed obstetric intensive care 
unit was opened in the labor and delivery area of 
E. H. Crump Women’s Hospital and Perinatal Center, 
a tertiary care, city-county hospital that serves as the 
main obstetric and gynecologic teaching hospital at the 
University of Tennessee, Memphis. The hospital has 
approximately 7500 deliveries annually and receives 
maternal transfers from a five-state area including Ten- 
nessee, Arkansas, Mississippi, Missouri, and Kentucky. 
The referral area has approximately 40,000 deliveries 
per year, and there are no towns with a population 
>100,000 within a 100-mile radius of Memphis. 


Facilities 


Our obstetric intensive care unit consists of one 
large room (700 square feet) located next to the recov- 
ery room. Major equipment includes three Hewlett- 
Packard three-channel hemodynamic monitors, one 
Hewlett-Packard cardiac output computer, a strip chart 
recorder and printer, a Nellcor pulse oximeter, a Wes- 
cor colloid oncometer, two electric hospital beds, and 
one birthing bed that can be used for vaginal delivery 
of patients in the intensive care unit. Emergency equip- 
ment includes a “crash” cart, defibrillator, suction ma- 
chine, and electrocardiograph machine. Fetal monitors 
are readily available. 


Rationale and staffing 

The aim of the obstetric intensive care unit is to care 
for all critically ill pregnant women, except women hav- 
ing major trauma (treated in our institution’s trauma 
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center), neurosurgical disorders, or necessity of me- 
chanical ventilation for >5 days. Maternal-fetal medi- 
cine fellows and obstetrics-gynecology residents pro- 
vide physician staffing for the intensive care unit. The 
director of the unit is board-certified in internal med- 
icine, obstetrics and gynecology, and maternal-fetal 
medicine. The unit is staffed by 10 obstetric nurses, 
who control their own work schedule and assure that 
at least one is available 24 hours per day, 7 days per 
week. All nurses have had at least 2 years of labor floor 
experience; previous medical or surgical intensive care 
experience is desitable although not essential. All 
nurses are given a 4-week course in high-risk obstetric 
nursing, a 1-week course in obstetric intensive care, a 
1-week course in medical intensive care, a 2-day course 
in hemodynamic monitoring, and a l-day course in 
mechanical ventilation, and they are encouraged to be- 
come certified in advanced cardiac life support. Nurses 
also gain clinical experience by working in the medical 
intensive care unit and refresh their knowledge by 
working there periodically. When there are no patients 
in the obstetric intensive care unit, those nurses work 
in the contiguous labor and delivery area. 


Most common disorders 


During the 3-year period from Jan. 1, 1986, to Jan. 
1, 1989, 200 patients were managed in the obstetric 
intensive care unit. During the same period there were 
22,651 deliveries, for an intensive care unit utilization 
rate of 0.9%. Admission to the intensive care unit was 
limited to our sickest patients (in some instances be- 
cause of unavailable nursing). The major categories of 
problems were hypertensive disorders (46%), massive 
hemorrhage (10%), and medical problems of preg- 
nancy (44%) (Table I). The average intensive care unit 
stay was 2.5 + 2.0 (mean + SD) days. Only 9 of the 
200 patients (4.5%) required transfer to another inten- 
sive care unit. The main indication for transfer to the 
medical intensive care unit was requirement for pro- 
longed mechanical ventilation of patients having viral 
pneumonia or adult respiratory distress syndrome 
(n = 6). One patient was transferred for streptokinase 
therapy of acute massive pulmonary emboli, one for 
long-term management of thrombotic thrombocyto- 
penic purpura, and one because of ruptured arterio- 
venous malformation. 

Managing the 200 patients required several proce- 
dures not conventional to obstetrics and gynecology: 
radial arterial lines (n = 151), pulmonary artery cath- 
eterization (n = 74), mechanical ventilation (n = 24), 
and hemodialysis (zn = 8). An indication of the severity 
of illness was the occurrence of seven maternal deaths 
from the following causes: (1) ventricular septal defect 
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with Eisenmenger’s syndrome, (2) ruptured arterio- 
venous malformation, (3) varicella pneumonia, (4) ma- 
lignant hypertension with renal failure, (5) metastatic 
breast cancer with evisceration, (6) metastatic pan- 
creatic cancer with lactic acidosis and acute renal fail- 
ure, and (7) thrombotic thrombocytopenic purpura. 


Background of the obstetric intensive care 
unit director 


In addition to routine obstetrics and gynecology, cer- 
tain specialized clinical skills were frequently needed in 
our intensive care unit—inserting radial and pulmo- 
nary artery catheters, performing endotracheal intu- 
bation, managing a ventilator, reading an electrocar- 
diogram, directing cardiopulmonary resuscitation, and 
performing a cesarean hysterectomy or bilateral hy- 
pogastric artery ligation. 

We observed the following emergencies repeatedly: 
pulmonary edema, massive hemorrhage, disseminated 
intravascular coagulation, septic shock, adult respira- 
tory distress syndrome, acute renal failure, hyperten- 
sive crisis, cardiac arrhythmias, status asthmaticus, sta- 
tus epilepticus, stroke, pulmonary embolus, diabetic ke- 
toacidosis, and thyroid storm. 

Training to manage the above must be given if an 
intensive care unit is to exist. Training can be obtained 
in several ways: a critical care fellowship, a medicine 
residency, or a maternal-fetal medicine fellowship in- 
teracting with the subspecialists. 


Benefits of an obstetric intensive care unit 


Improved patient care. An obstetric intensive care 
unit offers the opportunity to improve patient care. 
Two of the main benefits are observation and organi- 
zation. Close observation in the intensive care unit al- 
lows problems to be detected earlier and complications 
to be prevented, enabling the patient to recover more 
quickly. For example, atelectasis and pneumonia can 
be prevented or ameliorated by early ambulation, 
coughing, aerosol treatment, and use of an incentive 
spirometer. Complex patient care can be more easily 
organized in the intensive care unit. Laboratory data 
accumulate so rapidly on sick patients that sometimes 
an important abnormality may go undetected. We use 
a bedside blackboard to facilitate organization. Each 
board contains the patient’s name, diagnosis, medi- 
cations, treatment, and pending diagnostic studies. 
Nurses maintain a laboratory flow sheet at the bedside, 
recording laboratory results in chronologic order so 
that trends can be identified and missing results re- 
called. Locating the intensive care unit in the labor and 
delivery area further assures that an obstetrician, as well 
as a nurse, will be at the bedside. The obstetrician who 
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initiated care has the opportunity to provide continuity 
of care. For example, in massive hemorrhage, the ob- 
stetrician who operated on the patient knows best when 
the patient needs to undergo reexploration. He knows 
the technical problems that occurred during previous 
surgery and has the continuing duty to watch the pa- 
tient closely at the bedside. He/she cannot do this ad- 
equately if the patient is transferred to another service 
or to another part of the hospital for intensive care. 
Gaining facility in invasive hemodynamic monitor- 
ing. Using the Swan-Ganz pulmonary artery catheter 
in obstetric patients allows the obstetrician to recognize 
patterns of disease, to understand pathophysiology, to 
make corrections when abnormalities are subtle, to 
evaluate the hemodynamic effects of drugs and other 
interventions, and to study the rare case. We prefer the 
Swan-Ganz catheter but recognize that it is only a mon- 
itoring device. The decision to use the catheter is based 
on the likelihood that one will find a hemodynamic 
abnormality that can be treated. Indications include 
pulmonary edema, oliguria, massive hemorrhage, sep- 
tic shock, adult respiratory distress syndrome, class 3 
and 4 cardiac disease, or pulmonary infiltrates when 


` the diagnosis is unclear. If the intensive care unit equip- 


ment is not used frequently, it will be “borrowed” by 
other services and the skills of trained personnel will 
atrophy. We believe that the Swan-Ganz catheter is safe 
in experienced hands and that complications such as 
intracardiac knotting, pneumothorax, pulmonary ar- 
tery rupture, and endocarditis are quite rare. Inciden- 
tally, we believe that our own lack of serious compli- 
cations is attributable not only to experience but to the 
following: (1) We do not persist with multiple punctures 
at various sites if difficulty is encountered inserting the 
catheter; (2) we position the catheter tip in the main 
pulmonary artery so that the balloon’ does not float 
peripherally and cause pulmonary infarction; (3) we 
remove the catheter as soon as possible, usually within 
24 hours of insertion. 

One problem that must be guarded against is mes- 
merization by the monitoring equipment. The physi- 
cian may unwittingly spend excessive time calibrating, 
“debugging,” and “troubleshooting” yet ignoring such 
equally important aspects as the fetal heart rate tracing 
or the progress of labor. A related problem is infor- 
mation “overload.” One cannot see the forest for the 
trees! In addition to the history, physical examination, 
laboratory data, x-ray film, and ultrasonographic data, 
one must integrate complex hemodynamic data. What 
is important? What does one follow? What are the 
priorities? 

Training and maintaining intensive care nurses. It 
is relatively easy to obtain equipment for an intensive 
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care unit, but quite another issue to recruit experi- 

“ enced, well-trained nurses. We find that regular ob- 
stetric nurses can function well in the intensive care 
unit setting. Indeed, the intensive care unit attracts 
some of the best nurses, but they are often so highly 
motivated that they “move up” into nursing adminis- 
tration. Therefore one constantly trains new nurses. 
We believe the ideal intensive care unit nurse is one 
who has a few years of labor floor experience, has seen 
most of the major obstetric complications, and wants 
to learn something new. Some centers use a labor and 
delivery nurse for the obstetric care and a medical in- 
tensive care unit nurse for managing the hemodynamic 
monitoring. This is not only expensive but less than 
ideal in terms of merging the two disciplines for optimal 
patient management, i.e., one nurse who can put the 
whole picture together. In our system the obstetric in- 
tensive care unit nurse also must work in the normal 
labor and delivery area when there are no patients in 
the intensive-care unit. Such variety prevents “burn- 
out.” The intensive care unit thus raises the general 
level of nursing care in the labor and delivery area. 
Because our nurses do not receive extra pay for work- 
ing in the intensive care unit, the advantages are re- 
stricted to intellectual stimulation, variation from rou- 
tine obstetrics, and the satisfaction of helping a critically 
ill patient recover. 

Improved resident and fellow education. Another 
benefit of the obstetric intensive care unit is that resi- 
dents and fellows learn critical care medicine. It sparks 
continuing interest by the faculty to teach and to keep 
up with new advances in the field. One learns more 
and remembers the experience better when he/she has 
responsibility for the patient and writes orders for day- 
to-day management. The resident or fellow’s self-image 
is improved when he/she not only learns the principles 
of cardiopulmonary support but actually uses invasive 
hemodynamic monitoring and powerful pharmaco- 
logic agents.®° Having access to these patients and seeing 
the type of care available in an obstetric intensive care 
unit, residents are more likely to refer patients to it 
when they are in practice. 


Does an obstetric service need an intensive 
care unit? 


What is the optimal way to manage sick obstetric 
patients? Should one transfer the patient to a medical 
or surgical intensive care unit or retain the patient in 
an obstetric intensive care unit? The answer depends 
on many factors, some unique to a given health care 
institution. The argument for transfer is that the critical 
care specialist deals with life-threatening situations 
daily. Most obstetrician-gynecologists do not see a suf- 
ficient number of these cases to maintain their skills. 
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The explosion of knowledge in critical care allows only 
the critical care specialist to keep up with this fast-paced 
field. By contrast, the argument for the obstetric in- 
tensive care unit is that critical care is not just the prov- 
ince of surgeons or internists. Several specialty boards 
are now certifying their members in critical care med- 
icine, including internal medicine, pediatrics, surgery, 
and anesthesiology.® In fact, the obstetrician has a back- 
ground and experience that makes him/her ideal for 
treating critically ill obstetric patients. He/she knows 
the natural history of the disease process and its com- 
plications, understands the maternal physiologic ad- 
aptations to pregnancy and the changes in normal lab- 
oratory values in pregnancy, and appreciates the re- 
markable physiologic reserve of young, previously 
healthy women and the rapidity with which they im- 
prove with appropriate treatment. He/she also expertly 
reads the fetal monitor tracing, which is integral for 
antepartum management. Furthermore, continuity of 
care and the doctor-patient relationship can be pre- 
served. Many subtle changes in the patient’s condition 
are not reflected in the progress notes or laboratory 
data and can be detected only by serial observation at 
the bedside. Nonobstetricians and nonobstetric nurses 
are not familiar with some essential drugs. A prime 
example is intravenous magnesium sulfate. They may 
stop magnesium sulfate and allow seizures to occur or 
they may not know how to adjust the dosage for renal 
insufficiency and cause an overdose. 

In conclusion, we have found that an obstetric in- 
tensive care unit improves patient care, understanding 
of pathophysiology, and education of residents and fel- 
lows. Given the resources needed, the cost, and the 
utilization rate (1% of deliveries), an obstetric intensive 
care unit is practical in those centers having a large 
obstetric service or a large maternal transport service. 


We acknowledge the commitment and hard work of 
the faculty, residents, and nurses who made the ob- 
stetric intensive care unit possible. 
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Shoulder dystocia: Prevention and treatment 


James A. O’Leary, MD, and Helene B. Leonetti, MD 
Jersey City, New Jersey 


Although shoulder dystocia is an infrequent event it has assumed a position of great clinical importance 
because of our litigious environment. Many cases are preventable by the proper identification of risk 
factors, especially glucose intolerance, macrosomia, obesity, and postdate pregnancies. The severity of 
the problem can be rapidly graded or determined by the response to a systematic treatment plan; such a 


plan is outlined. (AM J OssteT GYNECOL 1990;162:5-9.) 


Key words: Shoulder dystocia, prevention, treatment 


Shoulder dystocia has replaced or at least is about to 
fill the void being created by the disappearance of 
breech presentations and Scanzoni and Kielland for- 
ceps rotations as possible causes of damaged babies and 
medicolegal liability. It is highly probable that in the 
future all shoulder impaction dystocias with a bad out- 
come will be litigated. This situation demands our at- 
tention to prevent further problems, since the axiom 
is that shoulder dystocia occurs cataclysmically and 
many, if not a majority, can and should be anticipated.' 
Dignam? has defined the “absolute essentials” in the 
management of shoulder dystocia as (1) prior consid- 
eration, (2) accurate knowledge, (3) a well-conceived 
plan of action, and (4) rapidity of execution. Williams’ 
Obstetrics? has emphasized that the practitioner of ob- 
stetrics must be well versed in the management prin- 
ciples of this occasionally devastating complication. The 
purpose of this presentation is twofold: one, to outline 
a thoughtful approach to the prevention of shoulder 
dystocia, and, second, to detail a rapid treatment plan 
that includes cephalic replacement. 


Incidence 


The incidence of shoulder dystocia appears to be 
increasing.* This may be a reflection of improved pre- 
natal care, increasing maternal age, obesity, pregnancy 
weight gain, and a decrease in factors leading to pre- 
term delivery. Hopwood‘ has observed a fivefold in- 
crease in shoulder dystocia in a community hospital 
over the past 15 years. A greater frequency of postdate 
pregnancies also may account for this. As with all in- 
frequent occurrences it is difficult to establish the in- 
cidence accurately, but it is clearly <1%, probably about 
0.2% to 0.4%. The decreased incidence at Los Angeles 
County Hospital from 0.3% to 0.13% is a reflection of 
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an increased incidence of cesarean section for macro- 
somia and prolonged second stage of labor.’ 

Prepregnancy risk factors. Maternal glucose intol- 
erance will account for 10% of macrosomic infants. 
After those cases attributed to large maternal stature 
or excessive weight gain are eliminated, at least one 
third of cases of macrosomia remain unexplained. 

The value of ascertaining maternal birth weight has 
recently been reconfirmed. The study of Klebanoff 
et al.ê demonstrates that a mother’s birth weight has a 
strong influence on her child’s birth weight. In fact, 
maternal birth weight is more strongly associated with 
accelerated fetal growth than is either current maternal 
height or weight. The history of a previous delivery of 
a large baby or a history of shoulder dystocia clearly 
identifies a woman at high risk for shoulder dystocia. 
The concept of a “proved pelvis” because of an uncom- 
plicated passage of a macrosomic infant is untenable. 
The dictum “once a shoulder dystocia, always a cesar- 
ean” may come to pass, especially if the subsequent 
infant is of a similar size. 

Women who will be delivered of a macrosomic infant 
tend to be older, to be of increased parity and to have 
one or both of two problems, obesity and diabetes. 
Macrosomia would be expected in obese and diabetic 
pregnant women because the principal substrate for 
fetal growth is glucose. The risk of macrosomia in- 
creases from 15.1% to 31.5% when more than one risk 
factor is present. Preconception counseling will help to 
identify eight key potential predictors of shoulder dys- 
tocia (Table I) and experience suggests that the pre- 
dictability of these factors may be not only additive but 
also synergistic. 

Prepartal risk factors. Pregnancy-induced glucose 
intolerance, which includes one or two abnormal values 
on a 3-hour glucose tolerance test or two borderline 
values, is a risk factor for macrosomia and shoulder 
dystocia. Ali pregnant women should be screened for 
pregnancy-induced glucose intolerance in the second 
trimester. Patients at high risk should undergo a 3-hour 
glucose tolerance test. Those patients at high risk but 
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Table I. Key prepregnancy historic risk factors 


Maternal birth weight 
Prior shoulder dystocia 
Prior macrosomia 
Diabetes— preexisting 
Obesity 

Multiparity 

Prior gestational diabetes 
Advanced maternal age 





Table II. Antepartal risk factors 


Glucose intolerance or excess 
Excessive weight gain 
Macrosomia 

Short stature 

Abnormal pelvic shape 
Abnormal pelvic size 
Postdatism 





with negative test results should be rescreened in the 
third trimester. The nonfasting 50 gm glucose screen 
' (“a cola and candy bar”) should be used. Values >135 
mg/dl are considered abnormal. Five to ten percent of 
patients with pregnancy-induced glucose intolerance 
and insulin dependence will have infants who show 
signs of macrosomia. The presence of glucose excess, 
especially the fasting blood glucose, will greatly increase 
the risk for shoulder dystocia, especially if any pre- 
pregnancy risk factors are present. 

Maternal weight gain ranks high as a factor leading 
to macrosomia. Boyd et al.’ found that a weight gain 
of 20 kg is additive to the risk factors of obesity and 
postdate gestations 7 days. The risk of excess weight 
gain has been detailed by Dor et al.* but questioned by 
Parks and Ziel.’ It is safe to assume that the excess 
glucose intake exposes the infant to a greater growth 
stimulus and adds greater risk if prepregnancy abnor- 
malities have been noted. Excessive weight gain in- 
creases the incidence of macrosomia from 1.4% to 
15.2%. 

Antenatal suspicion of macrosomia requires careful 
ultrasonographic evaluation. Infants estimated to be 
>4500 gm should be delivered by primary cesarean 
section. Spellacy et al. recommend abdominal delivery 
for a weight of 5000 gm while Dor et al.* suggest a 


weight of 4000 gm. The presence of other risk factors- 


makes the decision more obvious. 

A report" in 1982 described an ultrasonographic 
macrosomia index. In this study cesarean section for 
delivery of all fetuses with chest—biparietal diameter 
>1.4 cm would have reduced the incidence of traumatic 
morbidity from 27% to 9%. The large-for-gestational- 
age fetuses of diabetic gravid patients seem to have 
disproportionately accelerated abdominal growth as 
compared with that of large-for-gestational-age and 
appropriate-for-gestational-age fetuses of nondiabetic 
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gravid patients and appropriate-for-gestational-age fe- 
tuses of diabetic gravid patients. Neonates experiencing 
shoulder dystocia have significantly greater shoulder- 
to-head and chest-to-head proportions than macro- 
somic neonates delivered by cesarean section because 
of failed progress in labor. Elliott et al." recom- 
mended that a chest-to-head circumference difference 
of 1.6 cm or a shoulder-to-chest circumference differ- 
ence of 4.8 cm be considered the anthropometic pro- 
portions indicating the possibility of shoulder dystocia. 

Postdate gestation is a very important risk factor for 
shoulder dystocia and is one of the ominous compo- 
nents of a triad, the other components being obesity 
and diabetes. Boyd et al. reported a 21% incidence of 
macrosomia with infants delivered at 42 weeks but only 
12% with those delivered at 40 weeks and suggested 
induction of labor as a means to prevent shoulder dys- 
tocia. In the study of Spellacy et al. the frequency of 
postdate pregnancy was 10.2% among the infants with 
mild macrosomia and 14.8% among those with more 
severe macrosomia. When multiple risk factors were 
present in association with postdate pregnancy, the fetal 
risks increased even further. Other antenatal risks that 
impact on the frequency of shoulder dystocia are short 
stature, abnormal pelvic morphologic characteristics 
(especially the flat pelvis), and reduced pelvic size 
(Table II). Each of these is of greater significance when 


_considered in light of prepregnancy and other ante- 


natal risk factors. 

Intrapartal risk factors. Labor abnormalities can 
help identify women at risk for shoulder dystocia. Dor 
et al.® reported a 46% incidence of failure to progress 
in labor in a group of macrosomic infants, while others” 
have described a 63.3% incidence of cephalopelvic dis- 
proportion and a 21.1% incidence of failure to progress 
in a similar group of patients. The value of a prolonged 
second stage as a marker for shoulder dystocia has been 
clearly defined by Benedetti and Gabbe.” An abnormal 
second stage with macrosomia is associated with an in- 
crease in the incidence of shoulder dystocia from 1.2% 
to 23%. A significant reduction in dystocia from 23.0% 
to 11.1% was accomplished by a liberal cesarean section 
policy. 

Acker et al.’ in analyzing nondiabetic infants weigh- 
ing 4000 to 4499 gm, observed normal labor in 70.1%, 
protraction in 21.5%, and arrest in 8.4%. In infants 
>4500 gm with an arrest disorder, it appeared to be a 
predictive tool, although 17.3% had a normal pattern. 
In their diabetic population with a cesarean section rate 
of 46.3%, only 27.3% of the dystocias could be pre- 
dicted on the basis of an abnormal labor. Hopwood in 
a community hospital study reported a prolonged de- 
celerative phase in 38 of 62 cases and confirmed the 
findings of Benedetti and Gabbe. The abnormalities of 
labor, when they occur, unfortunately are late phenom- 
ena. Arrest of descent, failure of descent, protracted 
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descent, or a prolonged second stage occurs at a point 
in time when all parties concerned would like to con- 
clude the procéss. Intrapartal risk factors are summa- 
rized in Table III. 

The temptation to perform a midpelvic delivery in 
women with abnormal descent curves and prolonged 
second stage and the tragic outcomes have been well 
defined.’? The use of epidural and saddle block anes- 
thesia also has been incriminated as predisposing to 
shoulder dystocia.? Maternal glucose intolerance and 
macrosomia associated with an abnormal labor are 
more than sufficient reason to perform a cesarean sec- 
tion. Benedetti and Gabbe showed a higher incidence 
with the vacuum extractor than with midforceps. They 
proposed that the difference between the two modal- 
ities was the result of the capacity of the vacuum ex- 
tractor to deliver a larger infant than Kielland’s forceps 
could deliver. 


Treatment 


The treatment must be preplanned and carefully un- 
derstood by the obstetrician. There is insufficient time 
for reflective meditation and/or consultation. The phy- 
sician must be forewarned of the three P’s resulting 
from panic—pulling, pushing, and pivoting. Further 
pulling or traction will increase the impactation, while 
fundal pressure will do the same. Pivoting or twisting 
the neck adds nothing good and only leads to neuro- 
logic damage. Adequate help must be obtained. An- 
esthesia is important as are a pediatrician and addi- 
tional nursing care. The airway must be cleared. Ra- 
pidity of action is critical to grade the severity of the 
dystocia and to determine which procedure should be 
used. 

Once the head has emerged and it is evident that 
shoulder dystocia exists, several courses of action are 
available. As the first step, it is essential that any possible 
interference from the soft tissues of the lower birth 
canal be eliminated by a truly adequate episiotomy. Our 


experience supports the contention that a deliberate ` 


perineotomy, which divides the anal sphincter and ex- 
tends well up the rectovaginal septum furnishes the 
needed space. It can be expected that a carefully re- 
paired perineotomy will result in a better anatomic res- 


toration of the vagina and perineum than a repaired , 


wide mediolateral episiotomy. A question frequently 
asked is how much time do I have? More than 10 years 
ago Wood et al.* described serial pH determinations 
between delivery of the head and trunk. The pH de- 
clined at the ratio of 0.04 unit per minute or 0.2 unit 
in 5 minutes. Thus there is adequate time to proceed 
in a well-organized manner. 


Mild dystocia (grade 1) 


We prefer to grade'shoulder dystocias on the basis 
of the response to treatment, going from the easiest to 
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Table III. Intrapartal risk factors 


Prolonged second stage 
Protracted descent 

Arrest of descent 

Failure of descent 
Macrosomia 

Abnormal first stage 
Molding 

Need for midpelvic delivery 





Table IV. Severity of shoulder dystocia and 
suggested treatment 


Grade Treatment 





1. Mild Suprapubic pressure 
1. Directed posteriorly 
(Mazzanti) 
2. Directed to one side 
(Rubin) 
Wood maneuver 
Rubin maneuver (reverse 
Wood) 


2. Moderate Posterior shoulder 
Hibbard technique 
3. Severe McRoberts maneuver 


All of the above combined 


4. Undeliverable Cephalic replacement 


a combination of more involved procedures (Table IV). 
The first and simplest step is direct suprapubic pressure 
in the midline, directed slightly away from behind the 
pubic bone. This pressure also may be to one side of 
the midline of the maternal abdomen or the other, 
alternately, to force the shoulder into an oblique di- 
ameter of the pelvis.* These techniques are usually suc- 
cessful only with milder forms (grade 1) of shoulder 
dystocia. 

The Wood screw maneuver or its modification, a re- 
verse rotation, should be applied next if the dystocia is 
mild. These are usually unsuccessful in the more severe 
grades of dystocia and one should not waste much time 
with them. In the presence of shoulder dystocia the 
screwing motion should be effected by exerting pres- 
sure on the anterior surface of the posterior shoulder of 
the infant (Wood maneuver). The pressure on the an- 
terior surface of the posterior shoulder should be ex- 
erted in the deltopectoral triangle of the posterior arm. 
However, the importance of having both the infant’s 
shoulders brought forward toward the chest should be 
emphasized. The Wood maneuver results in abduction 
of the shoulder, and in this position the circumference 
of the baby’s body is greater than when the shoulders 
are adducted. The latter would result from use of the 
Wood maneuver. Therefore the more recommended 
movement is a reverse of the Wood maneuver, with 
pressure on the posterior surface of the posterior shoul- 
der. The infant’s shoulder may be rocked from side to 
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side by pusing on the mother’s suprapubic area. This 
results in adduction of both the baby’s shoulders, and 
if they are at first located in the anteroposterior di- 
ameter of the pelvis, the maneuver displaces them into 
the longer oblique diameter of the pelvis. 


Moderate dystocia (grade 2) 


In the moderate forms of dystocia the Hibbard” and 
posterior shoulder techniques are more effective. Hib- 
bard described a maneuver in which pressure on the 
head results in directing it back into the vagina, the 
infant’s anterior shoulder being pushed toward the rec- 
tum to displace it from the symphysis. This requires an 
assistant capable of applying a sufficient amount of su- 
prapubic and then fundal pressure. The steps are as 
follows: Press firmly with a flattened hand against the 
infant’s head, jaw, and upper neck, carrying the head 
and neck posteriorly toward the rectum and slightly 
upward to facilitate the release of the anterior shoulder. 
As the anterior shoulder slips free of the superior sur- 
face of the symphysis, strong fundal pressure is applied. 
At the same time, continuing pressure against the jaw 
and neck is shifted slightly, aiming directly at the rectal 
area. 

The method has several advantages. It is easily 
learned and requires only that an assistant be available 
to apply strong, steady fundal pressure. When the pro- 
cedure is properly performed, the infants cervical 
nerves are not injured and the hypoxic damage of a 
prolonged delivery is avoided. 

We also favor delivery of the posterior arm as the 
most efficacious and expeditious means of overcoming 
shoulder dystocia. The definitive move is to introduce 
one hand into the vagina posteriorly to determine the 
reason for difficulty. If shoulder dystocia is due to a 
very large baby, the true pelvis is tightly filled with the 
baby’s torso, and it will be impossible or extremely dif- 
ficult to insert the examining hand very far into the 
vagina.’ The baby’s posterior hand is located and pulled 
across the chest. Pressure can be applied in the ante- 
cubital space to flex the arm and make the hand more 
accessible. We have found that this is difficult to-do 
when the arm and hand are tightly wedged in the pelvis. 
As the posterior hand is brought down across the baby’s 
chest, the posterior arm and shoulder are delivered 
outside the vagina and the remainder of the delivery 
usually can be completed without undue difficulty. 


Severe dystocia (grade 3) 

With moderate to severe dystocia where the above 
techniques fail, it has been our policy to perform a 
McRoberts maneuver, The procedure, although re- 
quiring two assistants (its only drawback), has been 
highly successful. Successful resolution of the dysto- 
cia has occurred in all but four of ‘44 cases. The 
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McRoberts maneuver is easy and safe and can be per- 
formed rapidly. We concur strongly in the recommen- 
dation that every obstetrician should know how to 
perform it. The McRoberts maneuver has been rec- 
ommended by Gonik et al.’ It consists of removing the 
patient’s legs from the stirrups and sharply flexing 
them against the abdomen. This results in straightening 
of the sacrum relative to the lumbar spine, with rotation 
of the symphysis pubis cephalad and a decrease of the 
angle of inclination. Although this maneuver does not 
change the dimensions of the pelvis, the superior ro- | 
tation of the symphysis tends to free the impacted an- 
terior shoulder. As part of the McRoberts maneuver, 
if the shoulder is not released immediately, we combine 
all of the above techniques. The Hibbard technique is 
repeated, plus suprapubic pressure, followed by at- 
tempts at rotation and/or grasping of the posterior, 
arm. i 


Undeliverable dystocia (grade 4)— 

cephalic replacement 

After the diagnosis of irreducible or undeliverable 
bilateral severe shoulder dystocia is made, the following 
steps should be taken: Prepare for abdominal delivery. 
Initiate tocolysis (subcutaneous terbutaline 0.25 mg), if 
necessary, monitor the fetal heart rate, and rapidly per- 
form a cephalic replacement. The episiotomy repair 
can be deferred and hemostats placed on any major 
bleeding vessels. The head is easily replaced by constant 
but firm pressure with the palm of the hand. The head 
must be “reflexed” and kept in the position of flexion; 
then the vertex is pushed as far cephalad as possible 
(usually to the zero station) and held in that position 
by an assistant, if necessary. 

This technique should be used only when continued 
vaginal manipulation would lead to a predictably poor 
outcome for all concerned. If the infant has been dam- 
aged, the placenta separated, or severe hypoxia has 
occurred, it should not be used. There must be a rea- 
sonable chance of a safe delivery for the mother and a 
good outcome for the baby. We feel that cephalic re- 
placement is worthy of further investigation and re- 
porting of all outcomes to see if it will become a per- 
manent part of our regimen for management of severe 
shoulder dystocia. Success has occurred in 23 cases. 


Comment 


The optimum method of treatment of shoulder dys- 
tocia, once it occurs, remains debatable; however, 
everyone would agree that prevention is the best prac- 
tice. The prevention of shoulder dystocia begins with 
the first prenatal visit, where the preconceptual and 
prenatal risk factors all can be determined except for 
total pregnancy weight gain. Early identification and 
proper counseling, frequent ultrasonographic testing, 
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and perhaps induction of labor at 40 weeks might help 
to reduce the severity of this problem. However, it must 
be emphasized that even under optimal circumstances 
and in the best of hands an unexpected shoulder dys- 
. tocia can occur. 

As cesarean section rates have increased in our in- 
stitution, the number of shoulder dystocias appears to 
have decreased; thus one important criterion for a safe 
vaginal delivery is becoming more and more difficult 
to fulfill; that is, residency training programs may not 
provide sufficient opportunity to acquire adequate ex- 
perience. In-depth teaching, memorizing a plan of ac- 
tion, and periodically reviewing these procedures (a so- 
called “fire drill”) is imperative. 

A high level of suspicion for shoulder dystocia is a 
reasonable indication for cesarean section if founded 
on a solid data base of known risk factors. The patients 
who fit the mnemonic DOPE (Diabetes, Obesity, Post- 
datism, and Excessive fetal weight or maternal weight 
gain) are at greatest risk. Poor labor progress, especially 
arrest patterns and abnormal descent patterns, as well 
as knowledge of maternal birth weight, will further 
increase the index of suspicion for shoulder dystocia. 

Only a liberal policy for cesarean section for these 
indications will decrease the frequency of shoulder dys- 
tocia. It canot be emphasized too strongly that shoulder 
dystocia can be largely prevented by the use of cesarean 
delivery instead of midforceps or vacuum extraction 
when the head of a large infant arrests in the midpelvis. 
This has been proved true in our institution. Meticulous 
antenatal care consisting of frequent ultrasonographic 
examinations, glucose screening, and proper diet 
should help to reduce the incidence of macrosomia and 
to properly identify women at greatest risk. 
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Clinical genetics has become an integral component of obstetric training. Advances in prenatal screening 
(particularly maternal serum «-fetoprotein) and the clinical applications of molecular technologies have 
broadened the indications for referral to geneticists. During the study period, 1237 patients were referred 
for genetics consultation. A total of 596 (48%) were referred because of cytogenetic indications (576 for 
genetic amniocentesis); 252 (20%) because of multifactorial-developmental abnormalities; 204 (17%) 
because of risk of diseases attributable to single-gene mutations; 58 (6%) because of antenatal teratogen 
exposure(s); and 127 (10%) because of other reasons. Herein we summarize our experience as a 
multidisciplinary genetics unit and offer recommendations for broadening resident training curricula to meet 
current clinical needs. These data will be useful for enhancement of health care use and more effective 
direction of limited resources. (Am J Osstet GYNECOL 1990;162:10-4.) l 
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With the recognition that prenatal cytogenetic di- 
agnosis could reliably be performed’? and the ex- 
panded availability and increasing sophistication of di- 
agnostic ultrasonography, medical genetics in general 
and prenatal diagnosis in particular have become an 
integral part of clinical obstetrics. Obstetricians are re- 
quired to possess an understanding of genetic princi- 
ples as set forth in the educational objectives detailed 
by the Council on Resident Education in Obstetrics and 
Gynecology,’ which are listed in Table I. 

During the past decade, clinical genetics services have 
continued to expand dramatically, mainly because of 
the increasing acceptance of genetic amniocentesis, the 
development of newer methods of diagnosis such as 
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chorionic villus sampling, and the advent of both ma- 
ternal serum a-fetoprotein screening and clinical ap- 
plications of molecular biology. Therefore, a current 
review of the most common indications for referral to 
a medical genetics service that provides prenatal di- 
agnosis would be of assistance in the development of 
medical continuing education programs (both group 
study and self-directed). With this information, contin- 
uing education programs in medical genetics may be 
implemented or modified as necessary. 

The purpose of this report is to summarize the ex- 
perience of our medical genetics center and to offer 
recommendations to expand teaching curricula to in- 
clude these recent advances. 


Material and methods 


The clinical genetics program at U.S. Air Force Med- 
ical Center Keesler is similar to that offered by other 
centers with large prenatal diagnosis facilities. We are 
staffed by clinical geneticists with training in obstetrics 
and gynecology (A. T. B.) and pediatrics (D. T. R. and 
D. W. B.). Complete cytogenetic laboratory support has 
been located on-site since 1979; capabilities for both 
biochemical and molecular analysis have recently been 
implemented. In addition to cytogenetics, our support 
facilities include expertise in biochemical disorders, 
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Table I. CREOG-Council on Resident 
Education in Obstetrics and Gynecology 
educational objectives 





Genetic history, pedigree analysis 
Genetic screening programs 
Principles of biochemical analysis 
Indications for amniocentesis 
a-Fetoprotein 

Amniotic fluid, maternal serum 

Acetylcholinesterase testing 
Mendelian inheritance 
Multifactorial inheritance 
Aneuploidy (autosomal and sex chromosomal) ` 
Cytogenetics of fetal wastage 


management of maternal serum a-fetoprotein abnor- 
malities, and coordination of specimens for diagnosis 
with the use of molecular biologic techniques. Given 
the divergent faculty interests and training, a variety 
of patients may be evaluated and cared for and a wide 
array of disorders may be detected. The increasing 
prominence and use of maternal serum a-fetoprotein 
screening and molecular biologic techniques in ante- 
natal diagnosis has mandated expansion of our resident 
teaching curricula and continuing medical education 
programs, 

U.S. Air Force Medical Center Keesler is one of four 
Air Force teaching hospitals and is the largest military 
training institution in the southeastern United States. 
Patients are refered from U.S. government health care 
facilities worldwide and may be referred at virtually no 
patient cost through the military aeromedical evacua- 
tion system. As a result of this unique situation, referral 
from a wide geographic base is both possible and ben- 
eficial to our residents in training. A total of 90% of 
patients are referred for genetic counseling, and pre- 
natal diagnosis if indicated, from outside the local com- 
munity. Approximately 70% of referrals are from ob- 
stetricians, whereas 20% are from pediatricians (who 
refer both young couples at risk for preconceptual 
counseling and affected children) and 10% are from 
family practitioners and medical internists. 

Referrals may be physician or patient generated. No 
prior counseling is required by the primary physician, 
although many patients are provided abbreviated coun- 
seling by their physicians. For example, patients who 
are seen for teratogen counseling are often provided 
information by their physicians after the issues have 
been discussed with a member of our staff. A formal 
consultation is arranged for a variety of reasons: the 
patient requires more information than can easily be 
provided by her physician, desires a “second opinion,” 
seeks more information about teratogenesis in general, 
or is a candidate for prenatal diagnosis. These reasons 
for aeromedical transfer and consultation apply equally 
to patients who may benefit from counseling because 
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Table II. Summary of indications for referral 


This study 






Simpson 
et al, 





Indication 


Cytogenetic 596 48 782 78 

Single gene 204 17 58 6 

Multifactorial- 252 20 106 11 
developmental 

Teratogenic- 58 5 44 4 
mutagenic 

Miscellaneous 127 10 10 1 


Table III. Summary of 
cytogenetic consultations 


Indication % of Cytogenetic 
Maternal age 409 69 
Previous offspring 72 12 
Low maternal serum 56 9 

a-fetoprotein 
Family history 37 6 
Parental rearrangement 10 2 
Miscellaneous* 12 2 


*3 Each, autism, infertility; 2, Beckwith-Wiedemann syn- 
drome; 1 each, hydatidiform mole, anorectal defect, Wilms’ 
tumor-—aniridia, genitourinary abnormalities, and mental re- 
tardation. 


of increased risk of chromosomal, single-gene, and 
multifactorial conditions. Consultation at our center is 
provided primarily by the authors; prenatal diagnosis 
is performed after standard genetic counseling, record 
review, and pedigree analysis. 

The data in this report represent a summary of in- 
dications for referral to our unit, as obtained by com- 
puter indexing of patient encounters and confirmatory 
medical records review. To ascertain implications of 
recent advances in medical genetics, the study period 
encompasses patient visits from only the most recent 3 
years. 

Specifically excluded from analysis were specimens 
processed by our laboratory when counseling was per- 
formed by another institution or other departments 
within our institution (e.g., bone marrow aspirates). 


Results 

During the study period, 1237 patients were inter- 
viewed at the U.S. Air Force Medical Genetics Center. 
A total of 596 (48%) were referred because of increased 
risk of chromosomal abnormalities (including 576 for 
genetic amniocentesis); multifactorial-developmental 
(single-organ system) abnormalities, 252 (20%); risk of 
diseases attributable to single gene (mendelian, unifac- 
torial) mutations, 204 (17%); antenatal teratogen ex- 
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Table IV. Summary of 
multifactorial-developmental consultations 


% of Multifactorial 


Neural tube defects 122 48 
Elevated maternal 54 
serum Qa- 
fetoprotein 
Previous child 45 
Family history 15 
Affected patient 6 
Sacral teratoma 2 
Other central nervous 22 9 
system defects 
Hydrocephalus 14 
Microcephaly 4 
3 
l 


_ Indication 


Holoprosencephaly 
Cerebral malfor- 
mation 

Oral clefts 20 8 

Congenital heart 16 7 
disease 

Epilepsy 6 3 

Genitourinary anom- 6 3 
alies 

Abdominal wall de- 5 2 
fects 

Limb anomalies 5 

Polydactyly 5 

1 


2 
2 
Miscellaneous” 4 6 


1 


*4, Craniosynostosis; 3 each, cataracts/blindness, hydram- 
nios, oligohydramnios, other ultrasonographic abnormalities; 
2 each, glaucoma, Goldenhar syndrome, hyperthyroidism, oli- 
godontia, talipes equinovarus, tracheoesophageal fistula; 1 
each, absence of corpus callosum, biliary atresia, cavernous 
hemangioma, colobomata, Crohn’s disease, degenerative 
brain disease, dextrocardia, oligodactyly, plagiocephaly, py- 
loric stenosis, thumb anomaly, twin discordance. 


posure(s), 58 (5%); and other causes of uncertain origin 
and without a specific diagnosis, 127 (10%). These data 
are summarized and compared with that reported by 
Simpson‘ in Table II. 

Indications for referal of 596 patients for cytogenetic 
analysis included increased risk on the basis of maternal 
age (409), previously affected child (72), abnormally 
low maternal serum a-fetoprotein levels (56), family 
history of a chromosome abnormality (37), parental 
chromosomal rearrangement (10), and several other 
conditions (12). The most common indications for re- 
ferral in this group are advanced maternal age, pre- 
vious child with a chromosome abnormality, and ab- 
normally low maternal serum a-fetoprotein screening 
test results (33%, 6%, and 5% of total referrals, re- 
spectively). These results are summarized in Table III. 

Indications for referral of 252 patients for coun- 
seling and diagnosis on the basis of increased risk of 
multifactorial-developmental disorders include neural 
tube defects (122), other central nervous system ab- 
normalities (22), oral clefts (20), congenital heart dis- 
ease (16), epilepsy (6), genitourinary anomalies (6), ab- 
dominal wall defects (5), limb anomalies (5), polydactyly 
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Table V. Summary of 
single-gene consultations 


Indication % of Single gene 
Marfan syndrome* 17 8 
Hemophilia(s)* 1] 5 
Skeletal dysplasia(s) 10 5 
Muscular dystrophy* 9 4 
Ehlers-Danlos syn- 9 4 

drome* 
Tuberous sclerosis* 8 4 
Neurofibromatosis* 8. 4 
Osteogenesis imper- 7 3 
fecta* 
Cystic fibrosis* > 7 3 
Noonan syndrome 6 3 
Miscellaneous} 112 55 








*Proven/probable DNA diagnosis. 

+5 each, Huntington’s disease,* myotonic dystrophy,* 
Russell-Silver syndrome, sickle cell disease,* Soto’s syndrome, 
thalassemia(s),* Treacher-Collins syndrome; 4 each, Charcot- 
Marie-Tooth, hereditary spherocytosis; 3 each, albinism, 
DeLange syndrome, retinitis pigmentosa, William’s syndrome; 
2 each, alpha-] antitrypsin deficiency,” amelogenesis imper- 
fecta, consanguinity, ectodermal dysplasia, Sturge-Weber se- 
quence, Tay-Sachs disease, vertebral defects, imperforate 
anus, tracheoesophageal fistula, and radial and renal dysplasia 
association; 1 each, acute intermittent porphyria, advanced 
paternal age, adult polycystic kidney disease,* amyotrophic 
lateral sclerosis, arthrogryposis, asplenia, Carpenter syn- 
drome, cleidocranial dysostosis, cystinosis, DiGeorge syn- 
drome, Friedreich ataxia, hereditary nephritis, homocystin- 
uria, hypotonia, immunodeficiency, incontinentia pigmenti, 
Kartagener syndrome, Klippel-Trenauney-Weber, lysosomal 
storage disease, metachromatic leukodystrophy, Moebius se- 
quence, myopathica congenita, nevus of Jodassohn, nonke- 
totic hyperglycinemia, Osler-Weber-Rendu syndrome, phe- 
nylketonuria,* renal agenesis, renal tubular acidosis, retinos- 
chisis, Rett syndrome, Rothmund-Thompson syndrome, 
Rubinstein-Taybi syndrome, Rh disease, Sheldon-Freeman 
syndrome, sudden infant death syndrome, spinal muscle atro- 
phy, systemic lupus erythematosus, thrombocytopenia-absent 
radius syndrome, torticollis, von Willebrand’s disease, 
Werdnig-Hoffman disease, Zellweger syndrome. 


(5), craniosynostosis (4), and other (41). The most com- 
mon indications for referral in this group are neural 
tube defects, oral clefts, congenital heart disease, and 
hydrocephalus (10%, 2%, 1%, and 1% of total refer- 
rals, respectively). These results are summarized in 
Table IV. l 
The 204 patients referred for evaluation of single- 
gene disorders presented with an increased risk of 


. collagen-vascular defects (27), neuromuscular diseases 


(23), hemoglobinopathies (22), and skeletal dysplasias 
(17). The most frequent indications for referral in this 
group were Marfan syndrome, the hemophilias, and 
Duchenne type muscular dystrophy (=1.5% of total 
referrals for each). However, 100 patients in this group 
(49%, or 8% of total referrals) were at risk of conditions 
currently or soon amenable to diagnosis by application 
of molecular technologies. The results of this group are 
summarized in Table V. 
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Table VI. Summary of 
teratogen-mutagen consultations 


Indication % of Teratogen 
X-irradiation 18 31 
Anticonvulsants 12 20 
Infectious agents 8 14 
Hormonal medications 5 8 
Over-the-counter 4 7 
Miscellaneous* 12 20 





*3, Isoniazid; 2 each, alcohol, solvents; 1 each, clonazepam, 
cocaine, disulfiram, hydrochlorothiazide, previous chemo- 
therapy. 


The 58 patients referred for counseling and evalu- 
ation of potential teratogenic or mutagenic effects were 
first seen because of preconceptual and prenatal ex- 
posures to prescription medications (28), x-radiation 
(18), infectious agents (7), and social or nonprescription 
substances (5), The most common exposures were di- 
agnostic radiographs, anticonvulsants, and hormone 
preparations (=1.5% of total referrals for each). These 
results are summarized in Table VI. 

Finally, 127 patients were seen for counseling be- 
cause of issues that probably involve several other eti- 
ologic factors or because of miscellaneous deforma- 
tions, disruptions, or malformations. The indications 
in this group include noncytogenetic and nonsyn- 
dromic causes of fetal death (37), dysmorphism (34), 
developmental abnormalities (30), mental retardation 
(20), and others (6). The most common diagnoses in 
this group were fetal loss, multiple congenital anoma- 
lies, developmental delay, and mental retardation (3%, 
3%, 2%, and 2% of total referrals, respectively). These 
results are summarized in Table VII. 


Comment 


In 1981 Simpson and colleagues* presented as a 
guide for residency training their experience with ge- 
netic counseling as health care providers in an obstetrics 
and gynecology practice. Later the authors presented 
a summary of indications for prenatal diagnosis in the 
same clinical setting; other reports detailing indications 
for prenatal cytogenetic assessment were published 
thereafter.*° These succinct, well-organized publica- 
tions provided valuable information detailing indica- 
tions for referral, vis-a-vis those conditions that are seen 
in most practices and merit further attention. 

The recommendations presented by Simpson et al.‘ 
have been widely used in resident training programs 
in obstetrics and gynecology and in other forums. As 
a result, the obstetrician is becoming increasingly in- 
volved both in primary patient counseling and as the 
source of referrals to geneticists. Indeed, it is rare to 
find a continuing medical education offering in ob- 
stetrics wholly lacking in clinical genetics or prenatal 
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Table VII. Summary of 
miscellaneous consultations 


Indication % of Miscellaneous 
Recurrent fetal loss 37 29 
Multiple anomalies 34 - 27 
Developmental delay 23 18 
Mental retardation 20 16 
Short stature 4 3 
Cerebral palsy 3 2 
Failure to thrive 3 2 
Ambiguous genitalia l 1 
Amniotic bands 1 1 
Potter syndrome 1 1 





Table VIII. Teaching curricula in 
clinical genetics 





Genetic counseling 

Basic cytogenetic principles 

Indications and techniques for prenatal diagnosis 

Mendelian inheritance, pedigree analysis 

Biochemical genetics, metabolic disorders 

Multifactorial-developmental inheritance 

Principles of teratology 

Maternal serum a-fetoprotein screening (neural tube 
defects, aneuploidy) 

Principles of molecular genetics 

Clinical dysmorphology 





diagnosis. However, advances in clinical and laboratory 
genetics necessitate modifications in the initial rec- 
ommendations to include antenatal maternal serum 
screening and molecular biologic applications to ob- 
stetric practice. 

In our review, as in that of Simpson et al., the most 
common indication for referral to a prenatal genetics 
clinic was advanced maternal age and evaluation for 
fetal chromosome abnormalities (33% and 65%, re- 
spectively). 

After advanced maternal age, the most common in- 
dications for referral in the Simpson study were re- 
current fetal loss (7%), familial aneuploid offspring 
(5%), neural tube defects (3%), and mental retarda- 
tion, multiple congenital anomalies, and hydrocephalus 
(each 1%). However, few of their patients would have 
been eligible for prenatal diagnosis with molecular 
biologic techniques; maternal serum a-fetoprotein 
screening was not yet offered in this country. 

By contrast, the most common indications for refer- 
ral in our series, excluding maternal age, are maternal 
serum a-fetoprotein screening abnormalities (9%), fa- 
milial aneuploid offspring (9%), a priori risk of neural 
tube defects (5%), recurrent fetal loss and multiple con- 
genital anomalies (each 3%), and mental retardation 
(2%). A total of 8% of patients seen at our institution 
during the study period were referred on the basis 
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of increased risk of disorders potentially detectable 
with the use of clinical applications of molecular tech- 
nologies. 

It is clear from the above data that in addition to 
traditional topics such as basic cytogenetics, obstetri- 
cians must be comfortable with all clinical aspects of 
maternal serum a-fetoprotein screening (especially as 
applied to neural tube defects and risk of aneuploidy) 
and recent advances in deoxyribonucleic acid (DNA) 
analyses. The developments in both direct (e.g., point 
mutations, deletions, insertions) and indirect (e.g., link- 
age analysis, restriction fragment length polymor- 
phisms) detection of gene defects has increased our 
ability to offer more than recurrence risk counseling 
to families with these disorders. Whereas such coun- 
seling remains important in many families (i.e., deter- 
mining a priori risk on the basis of pedigree analysis), 
assessment of whether restriction fragment length 
polymorphism pattern is informative or which relative 
needs to provide DNA for testing is critical for optimum 
preconceptual counseling and prenatal diagnosis. This 
new patient population is reflected in our study and 
represents an area of increasing educational impor- 
tance. l 

At our institution medical students, most pediatric 
residents, and all third-year obstetric residents spend 
at least 4 weeks on the genetics service, exclusive of 
other clinical responsibilities. (This program also is 
available to other military residents and colleagues.) 
The core curriculum in clinical genetics offered at our 
teaching institution is presented in Table VIII. 

In addition to our primary emphasis on detection, 
counseling, and management of the conditions listed 
above, we insist on exposure to other aspects of medical 
genetics during the clinical rotation. This includes par- 
ticipation in the cytogenetics laboratory (manual and 
automated karyotyping techniques), fundamentals of 
molecular biology (DNA extraction, polymerase chain 
reaction and Southern blot techniques), applications 
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and use of diagnostic ultrasonography, and didactic . 
sessions. We believe that a broad curriculum such as 
the one cited herein will adequately prepare residents 
for practice and will provide them with the fundamen- 
tals to keep abreast of advances yet to come.. 

In summary, our analysis identifies the need for 
emphasis of the principles of maternal serum a- 
fetoprotein screening and DNA technologies at the res- 
ident level, a trend evident in continuing medical ed- 
ucation programs being implemented for practicing 
clinicians. We advocate periodic assessment of indica- 
tions for referral with modification of curricula as 
needed. 
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A model for the prospective analysis of perinatal deaths in a 


perinatal network 


A. H. Moawad, MD, K. S. Lee, MD, D. E. Fisher, MD, R. Ferguson, MS, and 
M. Phillippe, MD 


Chicago, Illinois 


This prospective study assesses factors that contribute to perinatal mortality. The study population 
includes the 1362 perinatal deaths that occurred among 85,402 live births between 1983 and 1987 at 
hospitals of the University of Chicago Perinatal Network. After peer.review of demographic, clinical, and 
pathologic data, each perinatal death was classified in one of the following categories: (1) the result of 
congenital malformation incompatible with life, (2) unavoidable, (3) potentially avoidable by patient, by 
health provider, or by both, or (4) of undetermined responsibility. Of 1362 deaths, 12.3% involved 
congenital malformations incompatible with life, 56.9% were classified as unavoidable, 28.1% were judged 
potentially avoidable, and 2.7% due to undetermined causes. Of potentially avoidable deaths, 36% were 
due to patient factors (primarily noncompliance), 59% to health provider factors, and 15% to combined 
patient and provider factors. There was a significant reduction in the potentially avoidable cases during the 
study period. The maximum attainable reduction in perinatal mortality under optimal conditions is 
calculated. Intervention plans to achieve this goal are discussed. (Am J OpsTeT GYNECOL 1990;162:15-22.) 


Key words: Perinatal mortality, regionalized perinatal care, low birth weight, very low birth 


weight 


Most of the developed countries of the world 
have lower infant mortality levels than those of the 
United States.’ Although infant mortality statistics have 
declined among all industrialized nations during the 
last 30 years, the United States dropped from sixth to 
twentieth place with respect to average infant mortality 
during the same time period.’ Perinatal mortality in 
urban pockets in the United States greatly exceeds the 
national average. This is one of the reasons that a pro- 
gram of regionalized perinatal care was established in 
the mid-1970s in many states, in the hope of bringing 
about a reduction in mortality figures. 

The University of Chicago/Michael Reese Hospital 
Perinatal Network serves a geographic area with one 
of the highest rates of low birth weight, and corre- 
spondingly high rates of perinatal and infant mortality, 
in the United States. The first aim of this regionalized 
perinatal center system was to reduce perinatal mor- 
tality through the transport of high-risk pregnant 
women and neonates to tertiary care centers. Since the 
inception of the regionalized perinatal care system, the 
University of Chicago network has become very closely 
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knit. Each perinatal death is carefully accounted for 
among the more than 18,000 network deliveries per 
year. It has become possible, as a result of this process, 
to analyze the factors responsible for each perinatal 
death and to determine: (1) how many perinatal deaths 
can be avoided and (2) what is the theoretical maximum 
reduction in mortality that can be expected under a 
system of faultless management and full patient com- 
pliance. 

The present study was designed to determine the 
factors that led to each perinatal death during the years 
1983 to 1987, in order to estimate how many of the 
network perinatal deaths could be saved under con- 
ditions of optimal performance by the health care pro- 
viders (the physicians, hospitals, nurses, and support 
personnel) and reasonable patient compliance. A pre- 
liminary report covering the first 2 years of experience 
with the same study population appeared in 1989. 


Material and methods 


The perinatal network of the University of Chicago 
consists of two tertiary and eleven community hospitals 
located on the south side of the city of Chicago and in 
the south suburbs. The two tertiary care hospitals are 
the Chicago Lying-In Hospital of the University of Chi- 
cago and Michael Reese Hospital. There were 85,402 
live births in the network system during the 5-year 
study period, and the perinatal mortality rate was 15.96 
per 1000 live births. 

The present perinatal mortality project was designed 
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Table I. Fetal (F), neonatal (N), and perinatal (p) mortality by disposition and year 











Disposition by 


panel 1983 (F + N = P) 1984 (F + N = P) 1985 (F + N = P) 1986 (F + N = P) 
Congenital 8 + 28 = 36 8+ 14 = 22 6 + 23 = 29 7+ 34 = 41 
malformation (0.4 + 1.6 = 2.1) (0.5 + 0.8 = 1.3) (0.4 + 1.4 = 1.8) (0.4 + 2.1 = 2.5) 
incompatible 
with life 
Unavoidable 58 + 52 = 110 80 + 67 = 147 75 + 88 = 163 84 + 86 = 170 
death (3.4 + 3.1 = 6.5) (4.8 + 4.0 = 8.8) (4.6 + 5.4 = 9.9) (5.2 + 5.3 = 10.4) 
Potentially 47 + 38 = 85 63 + 38 = 101 40 + 27 = 67 35 + 23 = 58 
avoidable (2.8 + 2.2 = 5.2) (3.8 + 2.3 = 6.0) (2.4 + 1.6 = 4.1) (2.2 + 1.4 = 3.6) 
death ` j 
Undetermined 6+2= 1+0=1 6+0=6 2+0=2 
status (0.4 + 0.1 = 0.5) (0.06 + 0.0 = 0.06) (0.4 + 0.0 = 0.4) (0.1 + 0.0 + 0.1) 
TOTAL 119 + 120 = 239 152 + 119 = 27] 127 + 138 = 265 128 + 143 + 271 
(7.0 + 7.1 = 14.3) (9.1 + 7.1 = 16.2) (7.8 + 8.4 = 16.2) (7.8 + 8.8 = 16.6) 








Figures in parentheses represent mortality rate per 1000 live births. 


in 1982 to collect detailed, comprehensive information 
about each perinatal death immediately after its oc- 
currence. The definitions of perinatal mortality, for the 
purpose of this study included (1) fetal death—defined 
as the stillbirth of a fetus with a birth weight of =501 
gm and (2) neonatal death—defined as the death. be- 
fore 28 days of life of a neonate weighing =50] gm at 
- birth. The major cause of death was determined in 
each case through examination of clinical records and 
by pathologic diagnosis. When multiple contributing 
causes were identified, the cause was classified as 
“other.” 

The issue of potential avoidability for each individual 
case was addressed by application of strict criteria for 
perinatal care, and by a consensus between the primary 
care providers and the perinatal center staff in each 
individual case. Clinical information on each perinatal 
death included the patient’s prenatal record, the hos- 
pital chart, the autopsy report, and a review of sup- 
porting laboratory material such as fetal monitoring 
tracings and ultrasonography reports. All data were 
entered on a specially designed form, and a narrative 
case summary was prepared for mortality audit meet- 
ings. Audit meetings were held in the hospital where 
the death had occurred, as well as in the perinatal cen- 
ter, if the case had been transferred. All participants 
in each case were required to attend these meetings to 
ensure objective decision making. Participants included 
the obstetric and pediatric attending staff, the pathol- 
ogist, the radiologist, any other medical consultants in 
the case, and the nursing and administrative staff. To 
ensure maximum uniformity, the perinatologist and 
the neonatologist representing the center hospitals 
were the same at all audit meetings during the 5-year 
study period. Each case was discussed shortly after its 
occurrence, so that the salient points would still be fresh 
in the minds of the respective health care team. The 


final disposition of each case, as to potential avoidability 
of the perinatal death, was assigned only when a clear 
consensus was reached. It should be noted that the 
assigned disposition may have had one or more con- 
tributing factors. For example, a case in which the an- 
tenatal management of diabetes was not adequate may 
also have involved a delay in delivery. Because a case 
like this would be listed under two of the provider 
factors, the disposition totals exceed the total number 
of deaths. If no consensus could be reached or if the 
available information was incomplete, the disposition 
of the case was classified as undetermined. 

In reaching a consensus, the group was required to 
answer specific questions for each medical condition. 
If, for example, a death was clearly related to diabetes, 
the mortality audit group considered whether the pa- 
tient had sought prenatal care early in pregnancy. Had 
the provider recognized, through prenatal screening 
or other means, the presence of diabetes? Had a man- 
agement program been instituted? Was the timing of 
the delivery appropriate? Was the medical management 
plan effective, both prenatally and during labor? Was 
the method of delivery appropriate? Was the neonate 
cared for appropriately by the neonatal care team? Was 
maternal transport initiated when necessary? As an- 
other example, in the case of a death related to intra- 
uterine growth retardation, the audit focused on 
proper dating of the pregnancy, on evidence of clinical 
recognition, as well as laboratory identification, of 
growth retardation, on whether appropriate fetal func- 
tion tests had been carried out, and on the timing and 
management of labor, delivery, and the neonatal pe- 
riod. If, after rigorous review, it was found that mea- 
sures complying with accepted standards of care had 
been taken and that, in spite of these measures, 
a death had occurred, the death was then classified as 
unavoidable. 
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1987 (F + N = P) 


9 +31 = 40 
(0.5 + 1.6 = 2.1) 
70 + 116 = 186 
(3.7 + 6.1 = 9.8) 
45 +27 = 72 
(2.4 + 1.4 = 3.8) 
16+2=18 
(0.8 + 0.1 = 1.0) 


140 + 176 = 316 
(7.4 + 9.3 = 16.6) 





All years 
(F +N =P) 
38 + 130 = 168 


(0.4 + 1:5 = 2.0) 


367 + 409 = 776 
(4.3 + 4.8 = 9.1) 
230 + 153 = 383 
(2.7 + 1.8 = 4.5) 


31+ 4 = 35 
(0.4 + 0.05 = 0.4) 


666 + 696 = 1362 
(7.8 + 8.2 + 16,0) 


The etiology of prematurity is an example of a man- 
agement question that remains unresolved in the lit- 
erature. Although it can be argued, for example, that 
eradication of a lower genital tract infection or of 
pathogenic bacteria has a preventive effect on the in- 
cidence of preterm labor, this is not yet a clearly estab- 
lished fact. Early recognition of the symptoms and signs 
of preterm labor, however, has proved useful in its 
management. In our study a death associated with pre- 
term labor was classified as unavoidable if the patient 
was first seen in an advanced stage of labor and there 
was no previous cause for suspicion on the part of the 
physician or the patient. If, on the other hand, a patient 
was known to be at high risk for premature labor and 
if the provider had not instituted the proper program 
of care, we classified the death as “avoidable” by the 
provider. If the patient had not complied with the med- 
ical management program, we classified the death as 
“avoidable” by the patient. A death was classified as 
“unavoidable” if the provider care was judged to have 
been consistent and appropriate and if the patient had 
complied with the management program. 

Perinatal deaths were classified into one of four cat- 
egories: (1) congenital malformation incompatible with 
life; (2) unavoidable death (cases in which no factors 
were identified in the management of the case that, on 
the basis of current standards of care, could have in- 
fluenced the outcome); (3) potentially avoidable death 
(cases in which one or more factors that could have 
influenced the outcome were identified). Cases in this 
category were subclassified as due to (a) a patient factor, 
(b) a health provider factor, or (c) both; (4) undeter- 
mined [cases in which a disposition could not be arrived 
at because of either (a) lack of consensus or (b) insuf- 
ficient data]. 

After these meetings, the disposition, cause of death, 
and a summary for each case were entered into a com- 
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puter record. Whenever possible, the primary cause of 
death, as determined from the clinical and pathologic 
evidence, was listed. 

The x? test with Yates’ correction factor was used for 
statistical comparisons. Trend analysis was performed 
by means of the test of linear trend for proportions.’ 


Definitions of rates and ratios 


1. Very low birth weight rate = The number of 
births of infants weighing <1500 gm per 1000 
live births. 

2. Low birth weight rate = The number of births of 
infants weighing =2500 gm per 1000 live births. 

3. Fetal death ratio = The number of fetal deaths 
(stillbirths of fetus’ weighing =501 gm) per 1000 
live births. 

4. Neonatal mortality rate = The number of deaths 
before 28 days of life per 1000 live births. 

5. Perinatal mortality rate = The number of neo- 
natal deaths plus the number of fetal deaths per 
1000 live births. 


Results 


The low-birth-weight rate (10.8%) and the very-low- 
birth-weight rate (2.1%) for the University of Chicago 
network were both significantly higher than those for 
either the city of Chicago as a whole (9.8% and 1.8%) 
or for the state of Illinois (7.0% and 1.2%, p < 0.001 
in both cases). With the exclusion of perinatal deaths 
of fetuses with a birth weight of =500 gm, the number 
of deaths in the network during the 5-year study period 
(1983 to 1987) was 1362. Of these, 666 were fetal and 
696 were neonatal deaths. 

Table I summarizes the researchers’ disposition of 
fetal, neonatal, and perinatal deaths for the years 
1983 through 1987. The mean distributions were as 
follows: congenital malformations incompatible with 
life, 12.3%, unavoidable deaths, 56.9%; potentially 
avoidable deaths, 28.1%; undetermined, 2.7%. 

Congenital malformations incompatible with life. 
This category, which accounted for 168 (12.3%) of the 
total deaths (a perinatal mortality rate of 1.96 per 1000), 
remained constant during the 5-year study period, with 
only minor fluctuations (Table I). The malformations 
included congenital heart defects (20.2%), anencephaly 
(18.4%), Potter’s syndrome (16.7%), and genetic tri- 
somy (8.9%). 

Unavoidable deaths. “Unavoidable death” was de- 
fined as a death with no preventable factor involving 
responsibility of the patient or of the health provider. 
This category accounted for 56.9% of all deaths. The 
incidence of unavoidable deaths throughout the 5 years 
of the study remained constant. The mean contribution 
of this category to the perinatal mortality rate was 9.04 
per 1000. 
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Table II. Major causes of death in the University of Chicago study 






“Unavoidable” 
Lung and other organ 172 22.2 
immaturity 
Abruptio placentae 122 15.7 
and other placental 
causes 
Sepsis 9] “11.7 
Asphyxia plus hypoxia 48 6.2 
Cord accidents 46 5.9 
Intraventricular hem- 38 4.9 
orrhage ; 
All congenital malfor- : 37 4.8 
mations 
Other factors 222 28.6 
TOTAL 776 100 






Rate per 1000 
live births 





— 


No. of cases 


“Potentially avoidable” 


Rate per 1000 
live births 

















261 > 69. 18.0 0.81 
1.43 55 14.4 0.64 
1.06 20 5.2 0.23 
0.56 ; 65 17.0 0.76 
0.54 12 3.1 0,14 
0.44 ll 2.9 0.13 
0.40 3 0.8 0.03 
26- 148 38.6 1.73 
9.04 383 100 4.45 





The single most important factor in the category of 
unavoidable perinatal deaths was organ immaturity 
(Table II). Other significant causes were abruptio pla- 
centae, sepsis, asphyxia, and cord accidents. In many 
of these cases, management by the health care provider 
was faultless and patient compliance was reasonable. 

‘Potentially avoidable deaths. The “potentially avoid- 
able death” category included 383 cases, 28.1% of the 
total deaths in the 5-year study period. The potentially 
avoidable fetal, neonatal, and perinatal deaths and their 
rates are shown in Table I. During the 5-year study 
period there was a significant decrease in the rate of 
perinatal deaths attributed to potentially avoidable fac- 
tors (p < 0.01). Although the fetal death ratio was not 
significantly reduced, neonatal death rates declined sig- 
nificantly (p < 0.05). Further analysis of the neonatal 
mortality rates by birth weight categories indicates that 
the maximum reduction in the perinatal and neonatal 
mortality rates took place in the group with birth 
weights of 22501 gm and those with birth weights be- 
tween 1001 and 1500 gm (Fig. 1). In contrast, fetal 
mortality showed no significant decline during the 
study period. 

The primary causes of deaths in the potentially avoid- 
able category are listed in Table II. As seen in the cat- 
egory of unavoidable deaths, organ immaturity, as- 
phyxia, and abruptio placentae were contributory in 
nearly Half of the potentially avoidable deaths. 

fable III provides a further breakdown of these po- 
tentially avoidable deaths, with respect to whether re- 
sponsibility was assigned to the patient or to the health 
care provider. 

Potentially avoidable by the patient. As shown in Table 
III, noncompliance was the major avoidable factor in 
the subgroup labeled “potentially avoidable by the pa- 
tient” (78.8%). Substance abuse was the second most 


cited factor (13.9%). Because multiple factors were 
identified in the cases of some patients, these numbers 
add up to more than the total number of deaths. 
Potentially avoidable by the provider. The major factors 
in the “potentially avoidable by the provider” category 
were mismanagement during the antenatal period 
(50.9%), delay in delivery (12.7%), improper resusci- 
tation (9.9%), and failure to transport to a perinatal 
center (10.4%). All of the cases in the subgroup of 
patient and provider “potentially avoidable” were cases 
of noncompliance. Six cases involved antenatal man- 
agement and two delayed delivery; 69 cases had various 
other contributing factors (Table III). The antenatal 
conditions that were either misdiagnosed or misman- 
aged included, in order of frequency, intrauterine 
growth retardation (37.0%), diabetes (17.6%), hyper- 
tension (13.9%), and postmaturity syndrome (3.7%). 
Deaths that were potentially avoidable by the health 
provider declined during the study period, with 
the maximum reduction occurring in the =2501 gm 
birth weight group (Fig. 2). There was no de- 
cline in fetal deaths in the “potentially avoidable” cat- 
egory; there was, however, a significant decline in neo- 
natal (p < 0.05) and perinatal (p < 0.01) deaths. When 
birth weight in the potentially avoidable cases was 
22501 gm, fetal mortality again showed no change, but 
neonatal and perinatal mortality declined significantly 
(p < 0.001 and <0.05, respectively). Neonatal and peri- 
natal mortality also declined significantly between 1001 
and 1500 gm birth weight (p < 0.05 in both cases). 


Comment 


The population served by the perinatal network is 
predominantly characterized by low socioeconomic 
conditions. These conditions are reflected in the fact 
that the low-birth-weight and very-low-birth-weight 
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Fig. 1. A, Number of “potentially avoidable” perinatal deaths, by year. Log scale for rate. B, Number 
of “potentially avoidable” neonatal mortalities, by year. Log scale for rate. 


rates were both higher for the network than for the 
state of Illinois, and the additional fact that the low 
birth weight rate was higher for the network than for 
the city of Chicago. During the 5-year study period, 
the risk may have measured even more for-the study 
population, since the percentage of women who re- 
ceived no prenatal care before the third trimester of 
pregnancy rose from 5.6% in 1983 to 6.2% in 1987, 
and the percentage of low-birth-weight cases went from 
10.7% in 1983 to 11.3% in 1987. These data may ex- 
plain why the overall neonatal and perinatal mortality 
rates did not fall during the study period. We attribute 
these trends to the continuing social and economic de- 
privation of the study. population.‘ 

Some discrepancies exist between the perinatal mor- 


tality figures calculated for the present study and those 
available from the Department of Health of the City of 
Chicago. This is to be expected, since we defined the 
lower birth weight limit to be 501 gm and the upper 
limit of survival to be 28 days of neonatal life. These 
limits were essential to ensure uniformity. The weight 
limit of 501 gm was used instead of gestational age 
because of the frequent discrepancies found in preg- 
nancy dating, which could have.led to under- or over- 
reporting of fetal deaths.’ 

It is important to note that a disposition was agreed 
on in more than 97% of the perinatal deaths in the 
network during the study period. This figure indicates 
the intensity of the peer review process and the avail- 
ability of necessary details in the overwhelming major- 
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Fig. 2. Perinatal and neonatal deaths “potentially avoidable” by provider, by year. 


Table III. Deaths classified as potentially 
avoidable (N = 383)—by patient, by provider, 
or by both—in the University of 

Chicago study* 


Reason 


z 


Avoidable by patient (n = 137) 


(1.607) ; 

Noncompliance 108 78.8 

Substance abuse 19° 13.9 

Other 14 10.2 

Avoidable by provider (n = 212) 

(2.497) 

Antenatal causes 108 50.9 
Intrauterine growth retardation 40 37.0 
Diabetes 19 17.6 
Hypertension 15 13.9 
Postmaturity syndrome 4 3.7 
Other 31 28.7 

Delivery delay 27 12.7 

Delayed faulty resuscitation 21 9.9 

Not transported 22 10.4 

Other 69 32.5 

Avoidable by both (n = 23) (0.27}) 

Faulty testing 6 26.1 

Delivery delay 2 8.7 

Patient noncompliance 23 100 


Other (n = 11) (0.137) 





*Percentages in each subcategory may total more than 100% 
since some deaths were attributed to more than one cause. 


{Perinatal mortality rate. 


ity of cases. Therefore the audit process attained a rea- 
sonable degree of reliability, the result of a detailed 
review of the medical records, organized discussion of 
each case with input from the various medical disci- 


plines, and the presence of the perinatal center peri- 
natologist and neonatologist at every mortality con- 
ference. 

“Unavoidable mortality” accounted for 56% of all 
perinatal deaths. Immaturity (of lungs and other or- 
gans) was the leading cause of death in this category, 
reflecting the high mortality rate among neonates with 
very low birth weight and low birth weight. It is obvious 
from the data that prematurity is still the single most 
important cause of unavoidable perinatal death. While 
the incidence of low birth weight has been found to 
reflect the prevailing socioeconomic status in a demo- 
graphic area, it reveals little about the quality of pro- 
vider care.’ This does not mean that the incidence of 
prematurity cannot be significantly decrease in the “un- 
avoidable” category. The scope of this study was limited 
to what the present health care delivery system, based 
primarily in hospitals and doctors’ offices, can offer. 
Preterm deliveries can be significantly reduced, even 
in the “unavoidable” category, if attention is paid to ` 
factors such as socioeconomics, hygiene, rest, and im- 
provement of community conditions. Until a way is 
found to decrease the incidence of premature labor and 
delivery in the study population, perinatal mortality 
among this high-risk population is likely to continue at 
its relatively high level. l 

After organ immaturity, the leading causes of ‘peri- 
natal death, in order of frequency, were abruptio pla- 
centae, sepsis, asphyxia-hypoxia, and cord accidents. 
The possibility of a relationship between the increased 
use of cocaine by the study population and the prev- 
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Table IVA. Total potentially avoidable deaths during the University of Chicago study period, 1983 








to 1987- > i, See 


Birth weight 
(gm) 






_ Neonatal 





501-1000 53 83 
1001-1500 30 24 
1501-2500 77 19 

.=2501 0 o. 27 


TOTAL 230 153 












Ideal 
survival 


(%). 


Maximum No. 
that could be 
saved | 


136 65 88 
54 90 49 . 
96 : 95 91 
SO, 99 _96 


383 ; -324 


Table IVB. Number of deaths judged to be potentially avoidable by provider in the University of 
Chicago study 







Birth weight 
(gm) 





- 501-1000 : 28 51 
1001-1500 ; 14 f 16 
1501-2500 : 47. 9 

=2501 51 19 


TOTAL 1440 95 


alence of abruptio placentae is something to be consid- 


ered. A better understanding of the causes and patho- 
physiologic characteristics of each of these conditions 
is needed before significant inroads can be made to- 
ward the reduction of these mortality rates. 

Analysis of the potentially avoidable deaths led to 
several interesting findings. First, these cases accounted 
for approximately 28% of the total deaths in the study 
series. This percentage is similar to that seen in previous 
reports.*"' In 1968, Singer,® using data from the Roch- 
ester Region Perinatal Study, reported that 14% of neo- 
natal deaths were preventable. Bulfin?’ retrospectively 
reviewed the perinatal deaths that occurred in the hos- 
pitals of Cook County (Chicago) during 1 year (1960). 
The Bulfin study addressed the issue of perinatal 
deaths that were due to a health care provider factor 
and concluded that 14% of these deaths were avoidable. 
Larssen" reported on’a peer review audit process 

. in Norway that had encompassed 12 months.’® It 
was concluded that 25% of all deaths in the study 
series were theoretically avoidable. This percentage 


is only slightly lower than that seen in the present 


study (28%). 


Second, factors related to patient noncompliance or. 


to problems such as substance abuse are more resistant 
to intervention. Extensive social service intervention 


and educational campaigns directed to the patient pop- 


ulation are needed. By its nature, this aspect of the 
perinatal mortality problem is time-consuming and dif- 
fuse. There is little cause for optimism about the pros- 
pects for a rapid solution to this endemic situation. 


eon we 






Ideal 
survival 


(%) 






Maximum No. 
that could be 
saved 





79 i 65 51. 

30 ; 90 27 

56 95 53 
20 99 69 


235 > i 200 


There is no substitute for improvements in patient ed- 
ucation and social conditions for increasing the aware- 
ness of pregnant women and their families of ‘the im- 
portance of good prenatal care and full medical com- 
pliance. ` 

The leading conditions resulting in avoidable deaths 
related to antenatal management by the health care 
provider were misdiagnosis and mismanagement of in- 
trauterine growth retardation, hypertension, and dia- 
betes. It should be noted that this finding was the basis 
for the institution of educational programs and man- 
agement protocols designed to correct these problems 
in certain of the University of Chicago network hos- 
pitals. Each hospital was targeted with specific training 
programs in response to its particular patient manage- 
ment deficits. Although the number of perintatal 


- deaths was too small to break down by cause and in- 


dividual hospital, it seems likely that the significant de- 
cline observed in neonatal and perinatal mortality dur- 
ing the course of the study (Fig. 2) is, at least in part, 
the result of these programs. In some of the network 
hospitals, for example, perinatal mortality as a result 
of mismanagement of intrauterine growth retardation 
was completely eliminated during the course of the 
study. | 

Because it is the goal of the perinatal center to reduce 
avoidable factors to an absolute minimum, the maxi- 
mum possible reduction in perinatal mortality was cal- 
culated (Table IVA and Table IVB). In these calcula- 
tions; we assumed, for the sake of discussion, that all 
patients were fully compliant, that the care offered by 
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the health care team was faultless, and that there existed 
a maximum underlying survival rate for each birth 
weight, under optimal conditions. Using reasonable, 
conservative figures, we assigned these rates as follows: 
65% for 501 to 1000 gm, 90% for 1001 to 1500 gm, 
95% for 1501 to 2500 gm, and 99.5% for =2501 gm 
birth weight. The weighted average of these rates and 
the birth weight distribution of the study series yield 
the maximum number of neonates that could be saved. 
In the, present study this equals 86,4% of all of the 
potentially avoidable deaths, or 324 cases. Applying the 
same calculations to the provider subgroup (Table IV), 
we estimated that 200 of 235 deaths could theoretically 
be avoided. i : 

In theory, therefore, if the health teams in each of 
the network hospitals performed perfectly, there would 
have been 200 fewer deaths during the 5-year study 
period. This figure translates into a reduction in the 
perinatal mortality of the network of 2.34 deaths per 
1000 live births. In other words the minimum. achiev- 
able mortality rate for the University of Chicago net- 
work, given present community conditions and using 
current state-of-the-art medical care, would be 13.62 
per 1000 instead of 15.96 per 1000, a reduction of 
14.7%. 

In conclusion, a model for the study of perinatal 
deaths in a multihospital network has been presented. 
Examination of the medical records and peer review 
discussion of individual cases, with broad multidisci- 
plinary representation and in the presence of perinatal 
center physicians, makes possible a reasonable analysis 
of the factors that led to each perinatal death. The 
avoidable factors and their relative magnitude can be 
defined for each member hospital, and educational 
programs and management protocols can be structured 
to meet the individual hospital’s needs. This study dem- 
onstrates that the elimination of all perinatal deaths due 
to avoidable factors on the part of the health care pro- 
vider would result in only a 14.7% reduction in the 
overall perinatal mortality rate. Although as health care 
providers we allocate the majority of our time and re- 
sources to the elimination of provider-avoidable fac- 
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tors, the results of this study indicate that greater at- 
tention must be paid to the socioeconomic conditions 
that contribute to the “unavoidable” perinatal mortality 
in our society. These latter cases make up the vast ma- 
jority of the unacceptably high overall perinatal mor- 
tality rate. The present study serves as a model for the 
ongoing surveillance of factors that contribute to 
avoidable perinatal mortality, as well as for the imple- 
mentation of educational programs for the improve- 
ment of perinatal care within an organized perinatal 
network. 


REFERENCES 


1. Prenatal care: medicaid recipients and uninsured wo- 
men obtain insufficient care. Report to the chairman, 
Subcommittee on Human Resources and Intergovern- 
mental Relations, Committee on Government Operations, 
House of Representatives. Government Accounting Of- 
fice: 1987:13. 

2. Myers SA, Fisher DE, Moawad AH, Paton JB, Lee KS, 
Ferguson M. Assessment of potential avoidability of peri- 
natal mortality in a regionalized perinatal program: re- 
sults and implications. J Reprod Med 1990 [In press]. 

3. Rothman KJ, Boice JD. Epidemiologic analysis with a pro- 
grammable calculator. Boston: Epidemiology Resources, 
1982. 

4. Department of International Economics and Social Af- 
fairs. Levels and trends of mortality since 1950. A joint 
study by the United Nations and the World Health Or- 
ganization. New York: United Nations, 1982:39. 

5. Hein HA, Brown CJ. Neonatal mortality review: a basis 
for improving care. Pediatrics 1981;68:504-9. 

6. Lee KS, Paneth N, Gartner LM, etal.: The very low-birth- 
weight rate: principal predictor of neonatal mortality in 
industrialized populations. J Pediatr 1980;97:759. 

7. Lee KS, Gartner LM. What mortality statistics tell us about 
perinatal care. Contemp Ob Gyn March 1985;111-34. 

8. Singer H. Analysis of neonatal review: Rochester region 
perinatal study. NY State J Med 1968;55:1869. 

9. Bulfin MJ. Preventable perinatal deaths: results of a study 
in suburban Cook County hospitals for 1960. Obstet Gy- 
necol 1962;20:247-50, 

10. Bakketeig LS, Oakley A. Methodological issues in evalu- 
ation of perinatal care. In: Perinatal health services in 
Europe. Searching for better childbirth. Phaff JML, ed. 
London: Croom Helm, 1986. 

11. Larssen K-F. Evaluation of perinatal services in Norway, 
1980. Norsk Institutt for Sykehusforskning, 1982; NIS- 
Report 7. 





reduce 
adhesions 








intercede now 


Introducing the first proven adhesio 


Without INTERGEED Barrier, 
adhesions were prevented 

in only 24% of the pelvic 
sidewalls (N =32) treated with 
state-of-the-art surgery alone 
(134 patients). 





yj 3? Sidewall adhesion prior to lysis. 


The first surgical adjuvant specifically indicated 
to reduce postoperative adhesions. 
e Effective adhesion control may help preserve fertility“ 


e Twice as effective as state-of-the-art surgery alone, when 
used in conjunction with meticulous surgical techniques 


Sik fN 
e Minimal tissue reaction—significantly less than other EN 
absorbable products EEN 
e No complications—the INTERCEED Barrier was completely a N 


absorbed within 28 days.. .no adverse reactions were reported 


arrier for gynecologic pelvic surgery 


With INTERCEED Barrier, 
51% of the pelvic sidewalls 
(N =68) treated with state- 
of-the-art surgery were 
completely free of 
adhesions (134 patients). 





a Say 
* \ \ 
Evaluation at second-look laparoscopy. EN ~K 


INTEF CEED 
Absorbable § Adhesion Barrier 


( OXIDIZED REGENERATED CELLULOSE ) 


clwren a chwen 
l 


PATIENT CARE, INC 





* Trademark of Johnson & hnson Patient 








Landmark study demonstrates: 


INTERCEED*(tc7) Absorbable Adhesion Barrier 
helps reduce adhesion formation 


Study design 


INTERCEED Barrier was evaluated in 
a controlled multicenter study” of 134 
women undergoing elective surgery 
to correct bilateral pelvic-sidewall 

adhesions. After microsurgery via 
laparotomy (with hemostasis consis- 
tent with microsurgical principles), 
application of INTERCEED Barrier 


NEW 


INTE 


Absorbable 


Brief Summary tor INTERCEED®* (TC7) Absorbable Adhesion Barrier (Oxidized Regenerated Cellulose) Before 
prescribing, please see full prescribing information 


INDICATIONS: INTERCEED* (1C7) Absorbable Adhesion Barrier is indicated as an adjuvant in gynecologic 
pelvic surgery for reducing the incidence of postoperative pelvic adhesions after hemostasis is achieved 
Consistent with microsurgical principles 

CONTRAINDICATIONS: The use of INTERCEED Barrier is contraindicated in the presence of frank infection 
INTERCEED Barrier is not indicated as a hemostatic agent. Appropriate means of achieving hemostasis must 
be employed 

WARNINGS: INTERCEED Barrier must not be used in cases in which complete hemostasis has not been 
established. The effectiveness of INTERCEED Barrier is reduced when saturated with blood 

INTERCEED Barrier is supplied sterile. As the material is not compatible with autoclaving or ethylene oxide 
sterilization, INTERCEED Barrier must not be resterilized 

Although none have been reported, foreign body reactions may occur in some patients 

PRECAUTIONS: The safety and effectiveness of using INTERCEED Barner in combination with other 
adhesion prevention treatment have not been clinically established 

Ectopic pregnancies have been associated with fertility surgery of the female reproductive tract. No adequate 
and well controlled studies have been conducted in women who become pregnant within the first month after 
exposure to INTERCEED Barrier No data exist to establish the effect, if any, of INTERCEED Barrier on the 










was randomized to the left or rie 
side, with the contralateral side~ 
serving as a control site. Thus, € 
patient was, in effect her own 

control. Results established the 
utility of INTERCEED Barrier as 

adjuvant to gynecologic surgery 


INTERCEED Barrier prevented the 
formation of adhesions in twice a 
many sites as surgery alone. 


EED > 


Adhesion Barrier 


( OXIDIZED REGENERATED CELLULOSE ) 


occurrence of ectopic pregnancies. No teratogenic studies have been performed. Therefore, an avoidanc 
conception should be considered during the first complete menstrual cycle after use of INTERCEED Bar 
Care should be exercised in applying INTERCEED Barrier to a pelvic organ not to constrict or restrict it 
ADVERSE REACTIONS: To date, no adverse reactions have been reported attributable to the use 
INTERCEED Barrier 

CAUTION: Federal law restricts this device to sale, distribution, or use by or on the order of a physic 


References 


Diamond MP. DeCherney AH. Pathogenesis of adhesion formation / reformation application to 
reproductive pelvic surgery Microsurgery 1987.8 103-107 


N 


Bronson RA, Wallach EE Lysis of periadnexal adhesions for correction of infertility. Fertil Steril 
1977.28 613-519 


Caspı E, Halpern Y. Bukovsky | The importance of peritoneal adhesions in tubal reconstructive surgery 
infertility Fertil Steri! 1979,31 296-300 


Gomel V Salpıngo—ovariolysis by laparoscopy in infertility Ferti/ Ster! 1983:40:607-611 
INTERCEED” (TC7) Adhesion Barrier Study Group Fertil Steril 1989.51 933 


w 


a a 


je rionafahmoi 


* Trademark of Johnson & Johnson Patient Care, Inc 
© JJ.PC.I., 1989 PC0483 Maden USA 


PATIENT CARE, INC. 
New Brunswick, NJ 08901-2023 


For product informatio: 
call 1-800-526-JJPC. 


Use of the labor-delivery-recovery room in an urban tertiary 


care hospital 


J. Kell Williams, MD, and Matthew R. Mervis, MD 
Tampa, F lorida 


” Single-room maternity care is an attractive delivery system to ‘obstetricians and consumers. We reviewed 
the first 15 months’ experience in a committed labor-delivery-recovery room unit where all patients were 
‘admitted for single-room care regardless of risk. The rate-of transfer to a traditional delivery room for 


vaginal delivery was 3.8%. (Am J OBsTET GYNECOL 1990;162:23-4.) 


Key words: Labor-delivery-recovery room, consumer 


A decade ago, we witnessed an evolution from the’ 


traditional labor room and delivery room to the 
“birthing room” to: experience a home-like setting. 


However, this was offered only to women of the lowest. ~ 
risk status. After recognition that the mother and fetus, 


at risk-could benefit most by- elimiriation of the last- 
minute rush to the delivery room, single-room mater- 


nity care, or the “labor-delivery-recovery room,” was ` 


developed as an option to fulfill both goals.’ 
During the development phase of our large. labor- 


delivery-recovery unit, consultants predicted the rate. 


of transfer from a labor-delivery-recovery room to a 
traditional delivery room because of a complicated vag- 
inal delivery would be approximately 15%. 

This report reviews a 15-month experience at Tampa 
General Hospital, a 1000 bed urban tertiary care facility 
and miain. teaching hospital of the University of South 
Florida College of Medicine. 


Material and methods 

The obstetric records of all patients who underwent 
vaginal delivery in an operative delivery room from 
May 24, 1986, (the date of opening the new labor- 
delivery-recovery unit) through August 30, 1987, were 
retrospectively reviewed. Attention was paid to the in- 
dication for transfer from a labor-delivery-recovery 
room. 


Results 

A total of 7447 deliveries were performed during the 
study period, with 1266 (17%) by cesarean section. Of 
the 6181 vaginal deliveries, 238 (3.8%) were performed 
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in an operative delivery room. The largest group of 
patients transferred (28%) was moved because of “om- 
inous” fetal heart rate tracings, to facilitate vaginal de- 
livery, or to proceed to cesarean delivery as indicated. 
The second largest group (19%) contained patients 
with known twin gestations who were candidates for 
vaginal delivery. A prolonged second stage of labor 


` preceded 42 (18%) of the transfers. Of this group, 19 


were delivered of infants by forceps, 17 by vacuum 
assist, and 6 by maternal effort alone. 

The problem of nonavailability of a labor-delivery- 
recovery room accounted for 11% of the vaginal deliv- 
eries in an operative delivery room. Fight patients ar- 
rived at the hospital when all labor-delivery-recovery 
rooms were occupied. Nineteen patients were admitted 
with the fetal head on the perineum and were taken to 
an operative delivery room because it was physically 
closer to the obstetric triage area. 

A total of 21 patients (9%) with known breech pre- 
sentations were electively transferred to accomplish an 
assisted breech delivery. Maternal complications (e.g., 
cardiac disease, diabetes, eclampsia, acute fatty liver) 
were indications for transfer in 13 patients (5%). Five 
patients (2%) were admitted to the adjacent perinatal 
special care unit with transfer expected for the third 
stage of labor. 

Other infrequent indications for transfer included 
vaginal bleeding with suspected partial placenta previa 
(2%), suspected fetal macrosomia (1%), and known 
multiple fetal anomalies (1%). Four patients (2%) were 
transferred at the discretion of the physician without 
an identifiable indication, and the charts of four pa- 
tients (2%) could not be located. 

Mortality statistics in the year before the study were 
perinatal mortality rate, 24.9; fetal death rate, 1 1.7; and 
neonatal death rate, 13.3. During the study they were 
perinatal mortality rate, 24.7; fetal death rate, 11.2; and 
neonatal death rate, 13.6, all essentially unchanged 
from the previous year. 


23 


24 Williams and Mervis 


Comment ` 

Before May. 24, 1986, the obstetric suite at the hos- 
pital was traditional; all patients were transferred from 
a labor room to a delivery room late in the second stage 
of labor and were subsequently transferred to a typical 
postsurgical recovery room. 

The ‘present obstetric suite does not include tradi- 
tional labor-rooms; it consists of 12 labor-delivery- 
recovery rooms, four operative delivery rooms, a six- 
bed postsurgical recovery room, and a six-room peri- 
natal special care unit with invasive maternal cardiac 
monitoring capabilities. Each labor-delivery-recovery 
room contains a labor bed that can be converted to a 
procedure bed, electronic fetal monitors, oxygen and 
vacuum suction outlets, and an infant warmer with re- 
suscitation apparatus, and maintains a pleasant decor. 

All patients in labor, regardless of predetermined 
risk, are candidates for labor-delivery-recovery room 
delivery with the sole exclusion of the rare patient who 
requires invasive cardiac monitoring. 

Many hospitals are converting traditional delivery 
units to single-room maternity care. Previous studies 
have suggested only very low-risk deliveries should be 
attempted in this setting, requiring between 18% and 
24% of laboring patients to transfer to a traditional 
delivery scheme.’ By strictly limiting mandatory trans- 
fer, our 3.8% transfer rate compares favorably with the 
>20% rate in an early report from the University of 
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` Utah, the first dedicated labor-delivery-recovery room 


tertiary care obstetric unit.’ 

With the use of a crude parameter to monitor ob- 
stetric care, there was no change in the perinatal mor- 
tality rate from the traditional delivery system to use 
of the labor-delivery-recovery room. 

Of economic interest, we found single-room mater- 
nity care very effective in attracting new private patients 
to the teaching hospital. Compared with the year before 
opening the labor-delivery-recovery suite, private de- 
liveries increased 126% (14% of the total deliveries, up 
from 7%). Comparison of the transfer tates of private 
and nonprivate patients suggests. similar acceptance 
(4.3% private and 3.8% nonprivate).. 

In summary, our labor-delivery-recovery rooms, 
along with our institutional commitment to providing 
a safe and comfortable delivery environment, allowed 
a home-like setting for 96.2% of all vaginal deliveries, 
regardless of risk status. We avoided the often hazard: 
ous transfer of patients with an array of equipment 
trailing behind from a labor room to a delivery room. 
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Underwear: Contamination by human papillomaviruses 


Christine Bergeron, MD,* Alex Ferenczy, MD, and Ralph Richart, MD* 


Montreal, Quebec, Canada, and New York, New York 


Genital human papillomavirus—related lesions occurring in 74 patients and cellular swab samples taken 
from their underwear were analyzed with a filter hybridization technique (ViraPap-ViraType, Life 
Technologies Inc., Gaithersburg, Md.) for human papillomavirus deoxyribonucleic acid. Human 
papillomavirus deoxyribonucleic acid was found in 54 of 74 (72%) lesional tissues and 13 of 74 (17%) 
swabs from the underwear. Recurrence rates in patients with and without positive underwear swabs were 
61% and 29% (p < 0.05), respectively. (AM J Osster GYNECOL 1990;162:25-9.) 


Key words: Human papillomavirus, deoxyribonucleic acid, underwear, hybridization 


There is a wealth of clinical and laboratory evi- 
dence for considering genital human papillomaviruses 
(HPVs) to be sexually transmissible.’ The mechanisms 
of transmission and infection are not clear; however, 
the general opinion favors direct contact between fully 
formed virions and the lowest basal cells of the genital 
squamous epithelial membrane in permissive hosts.° 
This implies access of HPVs released from infected 
superficial cells such as koilocytes to the basal epithe- 
lium, presumably through microfissures. The fact that 
most HPV infections in the human develop in areas 
exposed to physical trauma, such as the introitus, anal 
orifice, feet, and hands, supports this contention. The 
most frequent site of HPV infections in women is the 
transformation zone of the uterine cervix. Basal cells 
at the squamocolumnar junction of the transformation 
zone provide a locus for direct virus-cell contact without 
the need to invoke physical trauma. 

In addition to the sexually transmissible nature of 
HPV, there are a number of situations in which the 
virus is suspected of being acquired by means other 
than sexual intercourse. These include: (1) HPV in- 
fections of the vocal cords, anogenital skin, and con- 
junctivae in neonates from mothers in whom vaginal 
delivery was associated with genital warts’ (about one 
third of women with genital HPV infections have HPV- 
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negative male sexual partners in a steady, presumably 
monogamous relationship’); (2) autoinoculation of the 
forearm"; (3) autoinoculation of the perianal skin with 
HPV type 2 from a verruca. vulgaris of the fingers in 
adults and in a child.” Experimentally, HPV lesions that 
include the classic cytopathic changes associated with 
HPV have been produced by inoculating HPV type 11 
in xenografts composed of cultured human keratino- 
cytes transferred beneath the venal capsule in nude 
mice." 

The underwear of patients in direct contact with 
HPV infections of the anogenital skin may become con- 
taminated by human papillomaviruses. If so, under- 
garments may be a possible source of cross- or self- 
contamination and may be a cause of failure of treat- 
ment or of recurrence. To investigate this possibility, 
we examined underwear for the presence of HPV de- 
oxyribonucleic acid (DNA) in more than 74 patients 
with genital HPV-related lesions. Furthermore, to shed 
light on the possible clinical consequences of HPV 
DNA-—positive underwear, the short-term recurrence 
rates of new infections in patients with and without 
contaminated undergarments were evaluated. 


Material and methods 


Sixty-four women and 10 men with histologically 
proved HPV infections referred to the Colposcopy 
Clinic of the Jewish General Hospital for therapy were 
entered in the study on a first-come, first-treated, con- 
secutive basis. There were 48 cases of condyloma acu- 
minatum (33 from the vulva, nine from the penis, and 
six from the anus), eight flat condylomas (six from the 
cervix and two from the vagina), 15 cases of cervical 
intraepithelial neoplasia, one case of vaginal intraepi- 
thelial neoplasia, one case of perianal intraepithelial 
neoplasia, and one case of invasive carcinoma of the 
vulva. The lesional area involved ranged from 1 to 15 
cm? (mean 6 cm’). All patients with external anogenital 
condylomas but two (anal condylomas) had been 
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HPV Screening Results 








HPV Typing Results 
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Fig. 1. Dot blot hybridization of samples taken from lesions 
and underwear. Upper panel: A is a sample from a lesion and 
B is a corresponding sample from the patient’s underwear. 
Positive controls for HPV DNA are indicated. Lower panel: 
Both A and B were clearly positive for HPV type 6 or 11. 


treated previously by their referring physicians with 
topical cytokeratolytic agents and/or electrocautery. 
None of the patients with flat condylomas (plana) or 
intraepithelial neoplasia had been treated before col- 
poscopic consultation nor had the patient with invasive 
carcinoma of the vulva. Information on the number of 
consecutive days during which each pair of underpants 
had been worn before treatment was obtained in 65 of 
74 (88%) patients. None of the women were men- 
struating at the time of sampling for filter hybridiza- 
tion. The sexual partners of patients treated were not 
examined. 

Before treatment, samples for HPV DNA detection 
and typing were taken from each patient’s lesions 
and their respective underwear with saline solution— 
moistened Dacron swabs. The inner surface of the un- 
derwear that came into direct contact with the lesional 
tissue and the lesions were firmly rubbed with the swab. 

The filter hybridization was performed with reagents 
and methods contained in the ViraPap human papil- 
lomavirus DNA detection kit (Life Technologies Inc., 
, Gaithersburg, Md.). The collected exfoliated cells were 
transported with the ViraPap HPV specimen collection 
kit (Life Technologies Inc.). The samples were then 
incubated with sample preparation reagent for 1 hour 
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at 37° C. After cell lysis, 250 pl was removed and trans- 
ferred to new tubes. These samples were treated with 
sample diluent to achieve DNA denaturation, applied 
to a nylon membrane in a 25-well ViraPap filter man- 
ifold (Life Technologies Inc.), and filtered under vac- 
uum. Immediately after complete filtration, the mem- 
brane was transferred to a reaction tray, covered with 
the prehybridization reagent, and incubated at 60° C 
for 30 minutes. After this incubation, the prehybridi- 
zation reagent was thoroughly absorbed off the mem- 
brane and the hybridization reagent was added. This 
solution contains a mixture of full-length phosphate 
32-labeled ribonucleic acid transcripts homologous to 
HPV types 6, 11, 16, 18, 31, 33, and 35 DNA. The 
hybridization was carried out at 60° C for 2 hours. After 
hybridization the membrane was washed to remove the 
hybridization reagent, treated with ribonuclease to re- 
move nonspecifically bound probe, and then washed at 
60° C under high-stringency conditions. The mem- 
branes were then sealed in bags and exposed to Kodak 
X-omat AR x-ray film with intensifying screens at 
—70° C. The length of the autoradiographic exposure 
depended on the age of the kit. 

The ViraType HPV DNA typing kit (Life Technol- 
ogies Inc.) applies the same procedures described for 
the ViraPap HPV detéction kit with the following ex- 
ceptions. After cell lysis, 450 ul was removed and 
treated with sample diluent to achieve DNA denatur- 
ation. The samples were then applied in equal aliquots 
to three nylon membranes and filtered under vacuum, 
After prehybridization, the membranes were hybrid- 
ized with three separate probe mixes specific for HPV 
types 6/11, 16/18, or 31/33/35. The hybridization con- 
ditions, all remaining wash steps, and autoradiography 
were the same as those described for ViraPap. In ex- 
tensive correlative studies on HPV-containing lesions 
tested with both the Southern blot® and the ViraPap- 
ViraType hybridization techniques, the sensitivity and 
specificity for the detection of HPV DNA were very 
similar (Challberg SS. Unpublished data). 

All lesions were vaporized with the carbon dioxide 
laser except that seen in the case of early invasive car- 
cinoma of the vulva, which was treated by a partial 
vulvectomy and ipsilateral inguinal lymphadenectomy. 
The therapeutic methods of laser vaporization have 
been described previously.'* 

After laser vaporization, the wounds were cleansed 
with 5% acetic acid, and a thin layer layer of Sultrin 
cream and a dressing gauze were applied on the lasered 
areas of the external genital skin. The patients were 
instructed either to refrain from intercourse or to use 
condoms during sexual intercourse for at least the first 
6 months after therapy. To the best of our knowledge, 
none of the patients treated experienced.sexual contact 
with a new partner during the first 6 months after 
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therapy. Patients who were treated for external ano- 
genital lesions were seen at the colposcopy clinic at 3 
to 6 weeks after therapy and, if found to be disease- 


free, were reexamined with the colposcope at 4 and 8 - 


months after therapy. Patients treated for vaginal- 
cervical lesions were reexamined by cytologic and col- 


poscopic testing and, if appropriate, biopsy specimens - 


were taken 4 and 8 months after therapy. 

Recurrence of cervical-vaginal lesions after cryo- 
therapy has been defined as the development of new 
disease after a 1-year disease-free period. In patients 
who were treated by laser, however, the development 
of new disease can be identified sooner than 1 year. 
Indeed, with the appropriate use of the laser, lesional 
tissues are vaporized and, by definition, destroyed at 
the time of the procedure. As a result, any lesion that 
develops after laser therapy in or close to previous 
treatment fields may be considered new disease, irre- 
spective of the duration of the disease-free period." 


Results 

HPV DNA was identified in swabs from 54 of 74 
(72%) lesional tissues and in swabs taken from 13 of 74 
(17%) underwear samples (Fig. 1). Table I correlates 


HPV types with the histologic features of lesions, and _ 


Table IJ shows HPV types and HPV DNA-positive 
underwear. Twelve of the 13 (92%) HPV DNA- 
positive underwear samples were associated with con- 
dyloma acuminatum of the vulva; three of these pa- 
tients also had anal condylomas and one had cervical 
intraepithelial neoplasia. None of the swabs taken from 
underwear of patients with vaginal or penile lesions or 
with HPV DNA-negative lesions (20 cases) were pos- 
itive for HPV DNA. The duration of use of unchanged 
and uncleaned underwear ranged from one to three 
consecutive days; 39 patients used unwashed under- 
wear for 1 day and the remainder, longer. The number 
of single-day versus multiple-day underwear users was 
similar in both groups of patients with HPV DNA— 
positive lesions, 26 to 54 (1 day) vs 28 of 54 (>1 day), 
and HPV DNA~—negative lesions, 12 of 20 (1 day) versus 
8 of 20 (>1 day). A similar trend was observed in pa- 
tients with HPV DNA-positive underwear, 4 of 13 (1 
day) versus 5 of 13 (>1 day), and HPV-negative un- 
derwear, 19 of 38 (1 day) versus 17 of 38 (>1 day) 
underwear. 

Seventy-one patients were followed up for at least 4 
months; 51 (72%) and 20 (28%) of them were patients 
with and without HPV DNA-—positive lesions, respec- 
tively. Nineteen of 51 (37%) and one of 20 (5%) lesions 
recurred. Eight of the 19 lesions were associated with 
HPV DNA-positive underwear.and all were located on 
the vulva. The other 11 lesions were associated with 
HPV DNA-—negative underwear and were localized on 
the cervix (three cases), vagina (one case), vulva (four 
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Table I. Correlation of HPV types with 
histologic features of lesions 








Histologic type 





type acuminatum planum | Neoplasias* 
6/11 21 1 2 24 
16/18 3 l 8 12 
30s 1 8 1 5 
Mixed llit — 2t 13 
TOTAL 36/48 5/8 13/18 54/74 





*Including cervical, vaginal, and perianal intraepithelial 
neoplasias and invasive carcinoma of the vulva. 


Types 6/11 and 16/18 or 30s in 10 cases, 16/18 and 30s 
in one case. 


Types 6/11 and 16/18 in two cases. 


Table II. Correlation of HPV types with HPV 
DNA-—positive underwear 





Type No. % 
6/11 9/18 69 
16/18 1/13 8 
30’s* 1/13 8 
Mixed} 2/13 15 


*Including 31, 33, and 35. 
- +Types 6/11 and 30s. 


cases), anus (two cases), and penis (one case). Recur- 
rences developed between 3 and 6 weeks in 17 of 20 
(85%) patients. Recurrence rates in patients with HPV 
DNA-positive underwear were significantly higher 
(61%) than in patients with HPV DNA~negative un- 
derwear (29%) (p < 0.05) (Table III). 


Comment 

This study, using a filter hybridization technique, has 
clearly established that HPV DNA can be detected on 
underwear worn by patients with anogenital HPV in- 
fections. Underwear was contaminated by HPV DNA, 
irrespective of viral types, in 17% of the cases. The vast 
majority of HPV DNA~positive underwear was found 
in patients with external genital lesions. This may be 
explained by the direct or close contact between un- 
derwear and external genital warts. However, HPV 
DNA was occasionally found in patients with genital 
lesions such as cervical condylomas, which were located 
relatively far from the patients’ underwear. In these 
patients, colposcopy failed to demonstrate the presence 
of HPV-related lesions in the vagina, vulva, or perianal: 
skin, making contamination of underwear from these 
sites unlikely. The type of lesions, the extent of skin 
involved, and the viral types also may influence the rate 
of contaminated underwear. All lesions except one as- 
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Table III. Correlation of recurrence rates with 
HPV DNA- positive and —negative underwear 







Recurrence 





HPV DNA- 
positive underwear 
Positive (n = 13) 8 61 
Negative (n = 38) 11 29 
TOTAL (n = 51) 19 37 


p < 0.05, Parentheses contain numbers of patients. 


sociated with HPV DNA-—positive underwear in this 
study were acuminate, papillary condylomas. Most of 
the lesions involved relatively large areas of the ano- 
- genital skin with a mean of 7 cm?. Most acuminate con- 
dylomas contained HPV type 6/11 and 69% of the HPV 
DNA-positive underwear samples were associated with 
HPV 6/11—positive lesions. According to one study, 
HPV type 6-—containing lesions harbor considerably 
more virions (10,000 per cell) than their type 11 coun- 
terparts (2500 per cell).* In our study no attempt was 
made to separate type 6 from type 11. Theoretically, 
the higher the number of viral particles, the greater 
the rate of viral shedding and, clinically, the risk for 
HPV infection. In a recent study the majority of HPV- 
positive sexual partners had type 6/11—positive le- 
sions.‘ In addition, viral shedding may be facilitated in 
type 6/1]—containing lesions by the relatively large 
number of virion-containing degenerative koilocytes 
compared with type 16/18—positive lesions (mostly in- 
traepithelial neoplasia), which are relatively poor in su- 
perficial koilocytes.'® Surprisingly, the duration of use 
of the same underwear in a given patient was not re- 
lated to the detection rate in the samples. The number 
of single-day underwear users was similar to the num- 
ber of several-day users in both groups of patients, with 
and without HPV DNA-—positive lesions and HPV 
DNA~positive and —negative underwear. Neverthe- 
‘less, it is remarkable that about 50% of our patients 
wore unwashed undergarments for >1 day. This rate 
is suspected to be considerably higher than that in the 
HPV-negative population at large. 

Although HPV is a stable virus, the presence of in- 
fectious virions cannot be inferred as a result of finding 
viral DNA on underwear. HPV infectivity cannot be 
established with in vitro tissue culture experiments. 
Analysis of the physical state of HPV found on under- 
wear, 1.e., fully assembled, double-stranded, intact virus 
with an infectious potential, is not possible as there is 
no cell culture system available for HPV. Comparative 
analysis of the recurrence rates in patients with and 
without HPV DNA-—positive underwear suggests the 
possibility of HPV DNA—containing underwear as a 
possible source of self-contamination. In this study sta- 
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tistically higher recurrence rates were found in patients 
with HPV-positive underwear (61%) than in those with 
HPV-negative underwear (29%); both groups were at 
low risk for reinfection by sexual partners as the pa- 
tients either refrained from intercourse or used con- 
doms. Presumably none were exposed to new partners 
during the first 6 months after therapy. The hypothesis 
of autoinoculation by fomites also is suggested by the 
fact that basal cells, the targets of HPV infection, are 
directly exposed to presumably infectious viruses dur- 
ing periods of repair after laser therapy. 

An alternative explanation for the higher recurrence 
rates in patients with HPV-positive underwear is that 
HPV DNA positivity of undergarments is coincidental. 
It is possible that in these patients, as well as those with 
HPV DNA-free underwear who also developed re- 
current disease, the recurrences developed from per- 
sistent, latent HPVs rather than from HPV in the un- 
derwear. In one recent study” latent HPV DNA was 
found by Southern blot hybridization in the normal 
skin adjacent to treatment fields in 45% of patients with 
anogenital HPV infections. In this study the laser mar- 
gins were not tested for latent HPV DNA. However, 
the fact that the majority of patients with recurrent 
disease (85%) developed warts within 3 to 8 weeks after 
treatment is in keeping with the “latent HPV concept” 
as a cause of acute recurrence. A similar time frame 


was observed in the patients with early posttreatment 


recurrence and HPV DNA-containing laser margins.” 
Another factor militating against autoinoculation from 
underwear is that it is unlikely that the patients contin- 
ued to use the same underwear that they wore before 
laser therapy. In addition, the treated areas were cov- 
ered by two daily applications of silver sulfadiazine (Sil- 
vadene) cream and either a dressing gauze or a pad. 
Such posttreatment management precludes easy access 
of the virus to the exposed areas. 

It is clear that a significant portion of patients with 
anogenital HPV infections have contaminated under- 
garments. Although the significance of this finding is 
not clear, patients with genital HPV infections should 
be advised of the potential for infection from under- 
wear. This may be particularly relevant in teenagers 
who commonly exchange clothing and wear friends’ 
clothes. 
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Serious infections during pregnancy among women with 
advanced human immunodeficiency virus infection 


Howard L. Minkoff, MD, Anne Willoughby, MD,* Hermann Mendez, MD, 
Gail Moroso, RN, MPH, Susan Holman, RN, MS, James J. Goedert, MD, and 


Sheldon H. Landesman, MD, 
Brooklyn, New York, and Bethesda, Maryland 


Fifty-six human immunodeficiency virus seropositive—-women and 76 human immunodeficiency virus 
seronegative—women had known CD4 cell values and were followed up throughout pregnancy. The 
women with seronegative results and the 40 with seropositive results and CD4 (helper cell) counts f 
consistently >300 cells/mm? had no serious infections during pregnancy. Among the 16 with seropositive 
results and counts that fell below 300 cells/mm%, three developed opportunistic infections, one had- 
pneumonia, and one had a post-cesarean-section abscess. Human immunodeficiency virus 
seropositive-women with low CD4 counts are at markedly increased risk of serious infections during 
pregnancy. The consequences of this for fetal health, pregnancy management, maternal well-being, and 
human immunodeficiency virus testing policies are discussed. (Am J OBSTET GYNECOL 1990;162:30-4.) 


Key words: human immunodeficiency virus, pregnancy, opportunistic infections 


Several thousand women infected with human im- 
munodeficiency virus (HIV) give. birth annually.! Al- 
though information on perinatal HIV transmission 
rates? and the neonatal ‘outcomes of pregnancies of 
HIV-infected women’ is becoming available, sparse 
data. exist on HIV-associated infectious’ morbidity in 
pregnant women. For example, relatively few oppor- 
tunistic infections in pregnancy have been. reported."* 
Additionally, the frequency of such infections among 
all pregnant women with seropositive results and 
among the subset of women with subclinical immune 
deficiency is unknown. To determine if HIV-related 
immune. deficiency presents a: particular hazard to 
pregnant women and to facilitate appropriate coun- 
seling and care of those women, we reviewed the 
courses of pregnancy ina prospectively monitored cO- 
hort of women at high risk of HIV infection at our 
center, focusing particularly on those who had an ab- 
solute CD4 (helper cell) count under 300 cells/mm? at 
least once during pregnancy. 
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Material and. methods 


Between January 1986 and Okabe: 1988 pregnant 
women at risk for HIV infection were recruited from 
prenatal clinics at Kings County Hospital Center 
(KCHC) and State University of New York Health Sci- 
ence Center at Brooklyn (SUNY-HSCB). Recruiting ef- 
forts were focused ona methadone maintenance clinic, 
a clinic for women of Haitian origin, and women re- 
ferred to SUNY-HSCB from outside agencies for HIV 
tésting. All women from the methadone maintenance 
clinic who agreed to testing were entered into the study 
regardless of serologic status (on the basis of approx- 
imately 50% serologic prevalence ir that setting). For 
each HIV-positive woman from the Haitian clinic and 
outside referral, we matched two women and one 
woman, respectively, with seronegative results. (Sero- 
logic prevalence is approximately 5% in the Haitian 
clinic and approximately 25% in the referral clinic. 
Since referrals come from a distance, only one control 
can be retained per case.) This report focuses on the 
course of pregnancy, specifically the development of 
serious infectious morbidity. For the purpose of this 
study reportable outcomes were limited to those that 
occurred during pregnancy, delivery, or inimediate 
postpartum hospitalization and excluded events occur- 
ring after patients were discharged (there was no ad- 
ditional morbidity in the 28 days post partum). Serious 
infectious morbidity refers to either documented op- 
portunistic infections, antepartum febrile episodes that 
did not resolve spontaneously (e.g., pneumonia as op- 
posed to coryza), or postpartum fevers not responding 
to standard antibiotic therapy. The obstetric outcomes 
(e.g., birth weight, preterm birth rate, obstetric com- 
plications) will be the subject of future reports. 
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Patients had T-cell evaluations, as well as histories 
taken and physical examinations, done at set intervals 
during pregnancy (T cells were obtained at study entry 
and in the sixth and eighth months of pregnancy). Lym- 
phocyte phenotyping on a flow cytometer (Epics C, 
Coulter Electronics, Inc., Hialeah, Fla.) was performed 
with OKT4 and CD4 (helper) T lymphocytes and 
OKT8 for CD8 (suppressor) T lymphocytes (Ortho Di- 
agnostics Co., Raritan, N.J.). Absolute T-cell counts 
were derived from the total number of lymphocytes as 
calculated from complete blood cell counts and differ- 
ential cell counts. Statistical comparisons of the pro- 
portions of women with serious infections were calcu- 
lated by Fisher’s exact test. 


Results 


Between Jan. 15, 1986, and October 1988, 922 pa- 
tients were approached for entry into the study and 
687 (75%) accepted. Ninety-two patients (13. 4%) had 
seropositive test results, and three of them underwent 
elective termination of pregnancy. Fifty-six of these 
women who have been delivered of their infants had 
at least one T-cell value determined during pregnancy 
(mean number of tests per patient = 1.98; range 1 to 
4). Seventy-seven of the women with seronegative re- 
sults and T-cell values determined (mean = 2.06; 
range 1 to 4) who were recruited as matched controls 
have been delivered of their infants; one of them un- 
derwent an elective termination of pregnancy, and the 
remaining 76 make up the seronegative study group. 

HIV-positive patients. Among the 56 study patients 
with HIV-positive results the lowest measured CD4 


count during pregnancy was >800 cells/mm! in seven ` 


patients, 401 to 800 cells/mm? in 23, 301 to 400 
cells/mm? in 10, 201 to 300 cells/mm’ in nine, and 
200 cells/mm in seven. The lowest measured T4/T8 
ratio was >1.5 in four women, 1 to 1.49 in nine, 0.75 
to 0.99 in 16, 0.5 to 0.74 in 16, and <0.5 in 11. 

There was no infectious morbidity among the 40 
women whose CD4 nadir was >300 cells/mm* (300 
cells/mm’ was found to be the most accurate discrim- 
inator of risk after all counts were reviewed). In con- 
trast, serious infections developed in five of the 16 pa- 
tients whose CD4 counts dropped below 300 cells/mm? 
(p = 0.001), including three documented opportunis- 
tic infections, one case of pneumonia, and one post- 
cesarean-section abscess. These outcomes are reported 
in detail in this article. Four of the five patients with 
infectious morbidity were among the 27 with a T4/T8 
ratio <0.75; one patient with Pneumocystis carini pneu- 
monia had a T4/T8 ratio of 0.82. 

Seven seropositive women aderen cesarean sec- 
tion. Three received antibiotics for treatment of post- 
operative endometritis (CD4 counts of 421, 466, and 
202 cells/mm?, respectively). Fevers abated within 48 
hours in all subjects, with one exception (subject $0083). 
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Women not receiving antibiotics for treatment of post- 
operative infection had CD4 counts of 580, 318, 319 
and 254 cells/mm*. The latter patient (CD4 254 


‘cells/mm’, subject X0104) was receiving antibiotics be- 


cause of her medical condition at the time of delivery. 
Other HIV-related symptoms were as follows: lymph- 
adenopathy in six of 16 patients with CD4 counts <300 
cells/mm? and in seven of 40 patients with counts >300 
cells/mm? and oral moniliasis in only one patient, whose 
lowest count was 254 cells/mm’. 

HIV-negative patients. Among the 76 seronegative 
patients the lowest measured CD4 count was >800 cells’ 
in 27 patients, 401 to 800 cells/mm! in 43, 301 to 400 
cells/mm! in four, and 201 to 300 in two. The lowest 
measured T4/T8 ratio was >1.5 in 20 patients, 1 to 


1:49-in 25, 0.75 to 0.99 in 19, and 0.5 to 0.74 in 19. 


There were five serious infections.in the 56 seropositive 
women; however, none of the 76 seronegative women 
had pneumonia or other serious infections (p = 0.01). 
Among the 17 who underwent cesarean section five 
required antibiotics for treatment endometritis and fe- 
ver resolved in all within 48 hours. The five had CD4 
counts of 364 to 4048 cells/mm’. ` 


Case reports 

Subject X0104, a 39- year-old, woman, para 0-1-4-0, 
had a medical history that was remarkable for two pre- 
vious cerebrovascular accidents, hypertension, and di- 
abetes. She had a history of previous sexual contact 
with an intravenous drug user. Her pregnancy was 
complicated by hypertension and diabetes. At 30 weeks’ 
gestation she had tachypnea and shortness of breath 
with markedly abnormal arterial blood gas values (pH 
7.20,, PCO; 21.7, Pad, 41.4). Bronchoscopic biopsy re- 
vealed Pneumocystis carinii pneumonia, and therapy with 
trimethoprim-sulfamethoxazole was begun. During the 
period of respiratory difficulty the fetal tracing re- 
vealed loss of short-term variability and tachycardia 
that was compatible with fetal hypoxia. Delivery was 
not effected at that time because of the precarious con- 
dition of the mother. Coincident with improvement in 
the mother’s condition the membranes ruptured. The 
fetus was in a transverse lie, and a cesarean section was 
performed. The baby girl weighed 1030 gm and had 
Apgar scores of 4 and 5 at 1 and 5 minutes, respectively. 
At 10 months post partum both mother and child were 
alive, and there was evidence of fetal HIV infection. 
The mother is currently on a regimen of aerosolized 
pentamidine prophylaxis. The CD4 level of the mother 
17 weeks. before delivery was 254.cells/mm’* and the 
T4/T8 ratio was 0.3. _ 

Subject X0047, a 35-year-old, women, para 1-0-0-1, 
had an unremarkable medical history. Her husband, 
who had Kaposi’s sarcoma, was presumed to be bi- 
sexual, and her first child had acquired immunodefi- 
ciency syndrome encephalopathy. At 21 weeks’ ges- 
tation oral candidiasis was noted and at 27 weeks’ 
gestation upper respiratory tract symptoms developed. 
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Table I. Patients with serious infectious morbidity 











Case 


Lowest CD4 count 
and gestational age 









Morbidity and 


gestational age Outcome 


K0104 39 0-1-4-0 Sex partner in- | 254 mmřat 13 wk Pneumocystis carinii Cesarean section at 30 wk; 
: f travenous (T4/T8 = 0.3) ‘pneumonia at 1030 gm female infant 
drug user i 30 wk" . with Apgar score of 4 at 
1 min, 5 at 5 min; ' 
mother well and baby 
infected at 10 mo 
X0047 35 1-0-0-1 Bisexual partner 254 mmřat 20 wk Pneumocystis carinii NSVD at 38 wk; 3280 gm 
(T4/T8 = 0.82) ` pneumonia at female infant. with’ Ap- 
i 27 wk gar scores of 8 and 9; 
mother and child well at 
18 mo post partum ` 
$0083 23 0-0-0-0 Intravenous 202 mm? at 15 wk Post-cesarean-section Cesarean section at'37 wk; 
drug user (T4/T8 = 0.54) ` abscess at 37 wk 2490 gm male infant ` 
: : i with Apgar scores of 9 
and 9; mother and child 
: i . well at 5 mo ` 
X0155 28 1-0-0-1 | Sex partner in- 25 mm? at 26 wk Central nervous sys- NSVD at 40 wk; 3420 gm 
travenous (T4/T8 = 0.11) tem toxoplasmosis male infant with Apgar 
drug user at 28 wk scores of 8 and 8; 
mother and baby well at 
5 mo 
$0058 22 0-0-0-0 Intravenous 182 mm’ at 26 wk Bacterial pneumonia NSVD at 39 wk; 2980 gm 
. drug user (T4/T8 = 0.16) at 39 wk male infant with Apgar 


NSVD, Normal spontaneous vaginal delivery. 


She did not tell her care providers that she was HIV 
seropositive although this was known to her through 
her participation in our research study. Twice she was 
dischargd from the hospital triage area with a pre- 
sumptive diagnosis of coryza. Thereafter her condition 
rapidly deteriorated before she finally acknowledged 
her serologic status and was admitted to the hospital. 
Treatment for Pneumocystis carinii pneumonia was be- 
gun immediately; subsequent bronchoscopy confirmed 
the diagnosis. The patient’s condition slowly improved 
and she eventually was discharged in good condition. 
At 38 weeks’ gestation she was delivered of a 3280 gm 
baby girl who had Apgar scorés of 8 and 9. Mother and 
child were doing well 18 months post partum. The 
mother has been maintained on a regimen of aerosol- 
ized pentamidine prophylaxis and azidothymidine. 
The CD4 level was 254 cells/mm? and T4/T8 ratio ‘was 
0,82 7 weeks before Pneumécystis carini poco 
developed. 

Subject $0083, a 23-year-old nulliparous woman, had 
a history of ongoing intravenous drug use, Her medical 
and prenatal course was otherwise unremarkable. At 
37 weeks’ gestation she underwent a cesarean section 
because of failure to progress in labor. A 2490 gm male 
infant was delivered with Apgar scores of 9 and 9..The 
surgeons reported that the operation was without com- 
plications. Postoperatively, however, she had marked 
fevers that were refractory to standard antibiotic ther- 
apy. Subsequent studies revealed intraabdominal ab- 
scesses. Drains were placed percutanegusly with radio- 
logic guidance but the fevers did not abate. On post- 
operative day 10 she was returned to the operating 


scores of 8 and 10; baby. 
well at 9 mo; mother 
well at 6 mo then lost to 
follow-up ` 


room, where pus was drained, and the left adnexa, 
which appeared to be secondarily involved, were re- 
moved. The patient remained in the hospital for seven 
additional days. She was afebrile during the last 48 
hours then signed out of the hospital against medical 
advice. Ten days later she was readmitted with a wound 
infection. Mother and child were well at 5 months post 
partum. She was finally discharged 32 days after the 
initial procedure. The CD4 count had been 202 
cells/mm? and T4/T8 ratio was 0.54 22 weeks before 
delivery. 

Subject XO155MO, a 28-year-old woman, para 1-0- 
0-1, had an unremarkable medical and prenatal history. 
A previous sexual partner had been-an intravenous 
drug user. At 27 weeks’ gestation she began to expe- 
rience headaches that rapidly progressed in severity. 
Focal neurologic signs were noted on examination. A 
computerized tomographic scan at 28 weeks of gesta- 
tion revealed large ring-enhancing masses compatible 
with central nervous system toxoplasmosis. The patient 
was immediately started on a regimen of corticoste- 
roids,’ pyrimethamine, and sulfadiazine. Two weeks 
later the lesions were markedly reduced in size, and 
therapy was continued. The patient had a normal spori- 
taneous vaginal delivery at'40 weeks’ gestation. Mother 
and child were well at 5 months’ follow-up. The CD4 
levél was 25 cells/mm* and T4/T8 ratio 0.11 on the 
day of admission for evaluation of severe headaches. 

Subject $0058, a 22-year-old nulliparous woman, was 
an intravenous drug abuser. Her obstetric course and 
medical history were unremarkable, At term the mem- 
branes ruptured spontaneously and 3 hours later she 
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went into labor. After 90 minutes she was delivered of 
a 2980 gm male infant, who had Apgar scores of 8 and 
10 at 1 and 5 minutes, respectively. In the-labor and 
delivery suite, she had a low-grade fever and reported 
several days of fever before delivery. Postpartum chest 
x-ray film demonstrated a left lower lobe pneumonia 
that resolved after therapy with cephalothin and gen- 
tamicin. The mother and baby were dischargd 1 week 
after admission. The baby is well at 9 months and the 
mother was well at last follow-up at 6 months. CD4 
count was 182 cells/mm* and T4/T8 ratio was 0.16 at 
26 weeks’ gestation. 


Comment 

In our cohort of 56 HIV seropositive pregnant 
women, a total CD4 count of <300 cells/mm* identified 
a subset of women at increased risk of infectious mor- 
bidity during pregnancy. This association between de- 
pleted helper T cells and infectious morbidity is com- 
„patible with previous reports on nonpregnant sero- 


positive individuals.’® Opportunistic infections during” 


pregnancy, however, are special. Not only is the health 
of the patient jeopardized, but the well-being of the 
fetus also can be compromised. Severe maternal hy- 
poxia can lead to adverse sequelae for the fetus and in 
extreme cases, such as the 20% of patients with fatal 
cases of Pneumocystis carinii pneumonia,’ fetal survival 
can be questionable. 

Among nonpregnant HIV-infected patients various 
prophylactic regimens with documented efficacy have 
reduced the incidence of Pneumocystis carinii pneumo- 
nia. Since Pneumocystis carinii pneumonia was the 
most common infection seen among immune-deficient 
pregnant patients, such women also may be suitable 
candidates for prophylaxis, particularly because pre- 
venting such infections in pregnancy may be a major 
benefit for the fetus. Although many of the drug reg- 
imens used for this purpose have not been shown to 
be safe during pregnancy, there are some agents that 
may be safe and efficacious. Aerosolized pentamidine, 
for example, has minimal absorption into the circula- 
tion.’? Other prophylactic agents are either sulfa de- 
rivatives or folic acid antagonists. Although fetal risks 
from sulfa, including hyperbilirubinemia in newborns, 
are known, many exposed infants manifest no 
morbidity" and no cases of kernicterus have been doc- 
umented.’* Rare anomalies have been noted in associ- 
ation with folic acid antagonists, particularly meth- 
otrexate, but a large empiric experience has not 
documented a substantive risk from trimethoprim. 
Whatever the rare or even theoretic risks, consideration 
must be given to the more common and very real risks 
posed to the fetus by life-threatening maternal infec- 
tions. Identifying a cohort at particular risk for such 
infections may improve the benefit/risk ratio in favor 
of prophylactic drug regimens. The same cohort would 
undoubtedly benefit from closer medical supervision 
during pregnancy, such as more frequent prenatal visits 
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and aggressive investigation of prodromal symptoms 
of pneumonia, since bacterial or fungal pneumonia, as 
well as Pneumocystis carinii pneumonia, may occur in this 
population. 

If therapy is to be instituted in a timely fashion, CD4 
levels should be obtained at least once each trimester 
in pregnancy. The initial level obtained also can assist 
in providing fuller counseling to women regarding re- 
productive options. The knowledge that a women al- 
ready. has severe HIV-associated immunosuppression 
might influence her decision to proceed with her preg- 
nancy. CD4 counts should be measured subsequently 
since marked changes can be anticipated in pregnancy 
and women may become candidates for prophylaxis 
later in gestation, when T cells may reach their nadir. 
Indeed the infections we reported here and previ- 
ously* have generally occurred in the third trimester. 
Clearly, if CD4 cells need to be measured to provide 
appropriate counseling and care for infected women, 
then physicians must openly discuss HIV testing with 
their patients. The data presented here strongly sug- 
gest that knowledge of serologic status can help a phy- 
sician to appropriately tailor prenatal care. Since 
previous reports by our group and others have docu- 
mented the failure of counseling and testing programs 
that focused only on those women acknowledging risk 
behaviors, counseling and testing may need to be uni- 
formly offered and women routinely informed (with a 
frank and open discussion between physician and pa- 
tient) of the utility of HIV status in providing appro- 


` priate care, 


Addendum 


Since acceptance of this manuscript two additional 
seropositive women have had confirmed Pneumocystis 
carinii pneumonia during pregnancy with lowest CD4 
counts of 100 and 98, and two women had presumptive 
Pneumocystis carinii pneumonia with CD4 counts of 6 


and 6.6. 
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Chlamydia trachomatis infection in pregnancy and effect of 


treatment on outcome 


George M. Ryan, Jr., MD, MPH, Thomas N. Abdella, MD, S. Gene McNeeley, MD, 


Vickie S. Baselski, PhD and David E. Drummond, BA* 


Memphis, Tennessee 


The effect of Chlamydia trachomatis on pregnancy outcome and the effect of treatment of positive cervical 
cultures was studied by culturing 11,544 women for chlamydia at their first prenatal visit. Chlamydia culture 
was positive in 2433 (21.08%) and prevalence was related to age and race. Of the positive cultures, 1110 
were classified as untreated. The untreated group demonstrated a significant increase in the incidence of 
premature rupture of the membranes and low birth weight and a decrease in survival when compared with 


either those with positive cultures who received treatment (N = 1323) or those with negative cultures 
(N = 9111). Screening of populations at high risk of chlamydia is recommended and treatment of 
chlamydia-positive patients may improve pregnancy outcome. (Am J OssteT GYNECOL 1990;162:34-9.) 


Key words: Chlamydia trachomatis, pregnancy, premature rupture of membranes, low birth 


weight, chlamydia treatment during pregnancy 


Chlamydia trachomatis. infection during pregnancy is. 


associated with risks to both women and their infants. 
Although perinatal transmission to the infant has been 
known since shortly after 1900 to be associated with 
neonatal inclusion conjunctivitis, and associated pneu- 
monia in the newborn was reported in the 1970s,' the 
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risks to the outcome of pregnancy are less well estab- 
lished. Previous studies have reported an association 
between chlamydial genital infections and increased in- 
cidence of premature rupture of the membranes, low 
birth weight, and preterm deliveries? and pregnancy 
loss. Other studies,*”? however, have failed to confirm 
these relationships. Thus the precise impact of chla- 
mydia on pregnancy outcome has yet to be resolved, 
This study of 11,554 pregnant women addresses the 
role of chlamydia in complications of pregnancy. In 
addition, the researchers sought to discover whether 
treatment of chlamydial infections during pregnancy 
could reduce the impact of the infections on pregnancy 
outcome. 
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Material and methods 


Women included in this study were new obstetric 
patients entering The Gailor Clinic of The Regional 
Medical Center at Memphis from Sept. 1, 1982, 
through Aug. 31, 1985. The clinic serves an urban, 
lower socioeconomic, predominantly black population. 
At the time of the first prenatal visit, all new obstetric 
patients underwent cervical culture for C. trachomatis in 
addition to other routine laboratory determinations. 

Procedures for isolation of C. trachomatis were per- 


formed in accordance with recommended methods? _ 


with commercially available materials (Bartels Immu- 
nodiagnostics, Bellevue, Wash.). Endocervical speci- 
mens for culture were obtained with sterile cotton swabs 
and placed in an appropriate transport medium. Cul- 
tures were performed with McCoy cell monolayers in- 
cubated in a medium containing cycloheximide. After 
an incubation period of 48 to 72 hours, monolayers 
were stained with either iodine stain or a monoclonal 
fluorescent antibody stain (Syva Co., Palo Alto, Calif.), 
and examined microscopically for inclusion bodies 
characteristic of chlamydia. 

Prospectively collected clinical data included prena- 
tal, intrapartum, and postpartum complications, clini- 
cal diagnoses, and procedures. These data were en- 
tered into a computerized perinatal data base for sub- 
sequent analysis. The results of chlamydia cultures, 
along with the names of the patients, identification 
numbers, and dates of culture, were recorded in a log 
in the microbiology laboratory. This information was 
merged with the computerized clinical information to 
provide the data base for this report. 

During the first 16 months of the study period, from 
Sept. 1, 1982, through Dec. 31, 1983, cervical cultures 
were performed on all new obstetric patients at the 
clinic to determine the prevalence in our patient pop- 
ulation. No treatment was recommended for patients 
with positive chlamydia cultures, and no subsequent 
‘culture was performed on these untreated patients. On 
analysis, the high rate of positive cultures made a trial 
treatment seem advisable. For the next 20 months— 
from Jan. 1, 1984, until Aug. 31, 1985—a treatment 
protocol was instituted for patients with positive cul- 
tures on their next prenatal visit after diagnosis. The 
treatment of choice was erythromycin base, 500 mg, 
administered orally four times daily for 7 days. Women 
experiencing gastrointestinal intolerance were treated 
with 250 mg orally four times daily for 7 days. Those 
allergic to erythromycin were treated with oral sulfi- 
soxazole, 1 gm, four times daily for 7 weeks. On com- 
pletion of treatment, a second culture for chlamydia 
was done. If this culture remained positive, treatment 
and subsequent cultures were repeated until culture 
was negative. . 

Statistical analysis. For each patient, the demo- 
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Table I. Chlamydia trachomatis prevalence 
by age 







Culture result 






11-17 652 (32.1%) 1,379 2,031 
18-19 606 (29.0%) 1,481 2,087 
20-24 854 (20.0%) 3,419 4,273 
25-29 238 (11.6%) 1,810 2,048 
30-45 83 (7.5%) 1,022 1,105 
TOTAL 11,544 


2,433 (21.08%) 9,111 


Table II. Chlamydia trachomatis and race 











Culture results 


Nonwhite 2,290 (22.9%) 7,706 9,996 
White i 143 (9.2%)* 1,405 1,548 
TOTAL 2,433 (21.1%) ` 9,111 11,544 
*p < 0.001. 


Table III. Chlamydia trachomatis and parity 










Culture results 


0 1,038 (26.6%) 2,877 3,900 
l 714 (23.2%) _ 2,338 3,052 
2 358 (11.7%) 1,679 2,037 
3 180 (15.3%) 992 1,172 
4 76 (11.9%) 560 636 
5 40 (12.2%) 288 328 
6 14 (8.3%) 154 168 
>6 13 (8.0%) 149 162 





xX (test for trends) = 186.23. df = 1. p < 0.0001. 


graphic, clinical, and laboratory data were collected on 
admission and entered into a computerized perinatal 
data base for analysis. Statistical methods included de- 
scriptive statistics, x° tests, Fisher’s exact test, and step- 
wise multiple logistic regression. The stepwise multiple 
logistic regression procedures were performed with 
Statistical Analysis Systems (SAS), and reported in the 
form of odds ratios, 95% confidence intervals, and 


_ probabilities (p values). Statistical Package for the Social 


Sciences (SPSS) and proprietary microcomputer pro- 
grams were used for all other tests and procedures. For 
all statistical comparisons, a probability of <0.05 was 
considered significant (type I error). 


‘Results 


Epidemiology. During the study period, endocer- 
vical cultures for chlamydia were obtained from 11,544 
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Table IV. Premature rupture of the membranes (PROM) and Chlamydia trachomatis 








Chlamydia-positive 

















PROM* Untreated 

Yes 58 (5.2%) 

No 1,052 1,284 
TOTAL 1,110 1,323 


Treated 


39 (2.9%) 





Negative Total 
243 (2.7%) 340 
8,868 11,204 
9,111 11,544 





Untreated positive versus negative, p < 0.001. Treated positive versus negative, p = 0.556. Untreated positive versus treated 


positive, p < 0.001. 


*PROM, Rupture of membranes =1 hour before onset of labor. 


Table V. Chlamydia trachomatis and birth weight 






Birth weight (gm) 





<2500 218 (19.6%) 
2=2500 892 
TOTAL 1,110 


Chlamydia-positive 





145 (11.0%) 1,068 (11.7%) 1,431 
1,178 8,043 10,113 
9,111 11,544 


Untreated positive versus negative, p < 0.001. Treated positive versus negative, p = 0.4190. Untreated positive versus treated, 


p < 0.0001. 


Table VI. Chlamydia trachomatis and newborn survival 










Chlamydia-positive 


Survival 





Yes 1,083 (97.6%) 
No 27 
TOTAL 1,110 1,323 


1,315 (99.4%) 
8 


Negative 
8,973 (98.5%) 
138 


11,371 (8.5%) 
173 


9,111 11,544 





Untreated positive versus negative, p < 0.05. Treated positive versus negative, p < 0.01. Untreated versus treated, p < 0.001. 


consecutive new obstetric patients. Of these, 9111 were 
negative and 2433 were positive, for an overall prev- 
alence in our population of 21.1%. As seen in Table I, 
the prevalence of chlamydia colonization of the en- 
docervix was inversely related to age. In women under 
the age of 17, the rate was 32%, whereas in the 20- to 
24-year-old group the rate was 20%. 

The prevalence of chlamydia was related to race 
(Table II), being significantly higher in the nonwhite 
population. The presence of chlamydia in the cervix 
was inversely related to parity (Table II). 

Examination of maternal discharge diagnoses re- 
vealed no statistically significant association between 
positive cervical culture for chlamydia and urinary tract 
infection, chronic hypertension, superimposed tox- 
emia, preeclampsia, diabetes, fever of unknown origin, 
pneumonia, asthma, seizures (other than eclampsia), 
hemoglobin As, or abnormal Papanicolaou smears. Re- 
grettably, sexually transmitted diseases were not se- 
lected out on the computerized discharge diagnoses. 


Pregnancy outcome. Of the 2433 pregnant patients 
who tested positive for chlamydia on cultures taken 
during the initial visit, 1110 patients (untreated group) 
received no treatment for chlamydia and had only one 
culture, The remaining 1323 (treated group) were 
treated successfully, as evidenced by a subsequent neg- 
ative culture. 

As seen in Table IV, there was a significant increase 
(p < 0.001) in the incidence of premature rupture of 
the membranes (defined as rupture of membranes 1 
hour or more before the onset of labor) in untreated 
patients with positive chlamydia cultures. The inci- 
dence of premature rupture of membranes in treated 
patients did not differ from that of the culture-negative 
group (p > 0.05). 

Table V compares the frequency of low-birth weight 
infants (<2500 gm) in the study groups. There was an 
increased incidence of low-birth-weight infants among 
mothers in the untreated group, compared with those 
in the culture-negative group. No such association was 
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Table VII, Logistic regression analysis of survival and PROM 












Chlamydia-positive 









Outcome 





Negative group 


Odds ratio (95% 
confidence 
interval) 










Comparison 


Survival 97.6% (1,083/1,110) 99.4% (1,315/1,323) 98.5% (8,973/9,111) Untreated positive NS 


PROM . 5.2% (58/1,110) 2.9% (39/1,323) 


2.7% (243/9,111) 


versus negative 

Treated positive <0.01 
versus negative 

Untreated versus <0.08 
treated 

Untreated positive <0.001 2.12 (1.57-2.86) 
versus negative 

Treated positive NS 
versus negative 

Untreated versus  <0.01 
treated 


1.65 (1.13-2.42) 


2.21 (0.89-5.49) 


0.56 (0.37-0.85) 


Variables analyzed include age, race, parity, PROM, birth weight, urinary tract infections, smoking, hypertension, and diabetes. 











Table VIII. Chlamydia trachomatis and chorioamnionitis 





Chorioamnionitis 





Yes ` l 32 (2.9%) 
No 1,078 
TOTAL 1,110 


Chlamydia-positive 





Negative Total 

25 (1.9%) 214 (2.3%) 271 
8,897 - 11,273 

9,111 11,544 


Group A versus negative, p = NS. Group B versus negative, p = NS. Group A versus group B, p = NS. 


found for the treated group. To assess the contribution 
of other variables, several clinical factors known to be 
associated with low birth weight were analyzed. No 
significant difference between culture-positive and 
culture- -negative patients was noted with respect to so- 
cioeconomic levels, incidence of preeclampsia, or uri- 
nary tract infections. There was an increased frequency 
of smoking and a higher incidence of smoking one pack 
of cigarettes or more per day in the culture-negative 
group. Since smoking is well recognized to be associated 
with low birth weight, the association between low birth 
weight and positive chlamydia culture may be even 
stronger than is indicated by our figures. 

Perinatal survivors in this study were defined as new- 
borns who left the hospital alive. Thus the nonsurvivors 
included those who were stillborn, those who died in 
the neonatal period, and those who died after 28 days 
of life if the infants had been continuously hospitalized 
from birth. Infant survival rates in these 11,544 preg- 
nancies are shown in Table VI. Infants born to mothers 
in the untreated culture-positive group had a lower 
perinatal survival than those born to mothers in the 
culture-negative group. Infants born to mothers in the 
treated group had a higher perinatal survival rate than 
those born to mothers in the untreated group; they also 
had a higher perinatal survival than infants born to 
mothers in the culture-negative group. 


Using multiple logistic regression to correct for con- 


f founding factors, we further assessed the relationship 


of Chlamydia trachomatis infections with perinatal sur- 
vival (Table VII). Variables analyzed included age, race, 
parity, premature rupture of membranes, birth weight, 

urinary tract infections, smoking, hypertension, and 
diabetes. Infants born to mothers in the treated group 
were more likely to survive than those born to mothers 
in the negative culture group {odds ratio 1.65, p < 
0.01). Although perinatal mortality was higher in un- 
treated patients with positive cultures than in treated 
patients, this finding was of only borderline statistical 
significance (odds ratio 2.21, p < 0.08, corrected for 
birth weight). Finally, on comparison of the untreated 
positive group with the culture-negative group, the 
presence of chlamydia was not significantly related to 
perinatal survival after correction for the effects of 
birth weight, hypertension, and premature rupture of 
the membranes; i.e., the difference in survival was af- 
fected by premature rupture of the membranes. 

We also used multiple logistic regression to evaluate 
the relationship between chlamydia and premature 
rupture of the membranes. Variables were the same as 
those listed above for analysis of survival. Although the 


incidence of premature rupture of the membranes was 


similar in the treated group and the culture-negative 
group, infants in the untreated group were significantly 
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more likely to have premature rupture of membranes 
than infants in either the culture-negative group (odds 
ratio 2.12, p < 0.001) or the treated group (odds ratio 
1.79, p < 0.01). 

There was no significant difference in the incidence 
of chorioamnionitis between the positive- and negative- 
culture groups (Table VIII). Among those with positive 
cultures, no difference was found between treated and 
untreated patients. 


Comment 


In the present study there was a statistically signifi- 
cant association between positive chlamydia cultures 
and premature rupture of the membranes. To address 
the question of whether the inclusion of patients en- 
rolling late in pregnancy might have biased the data, 
only patients enrolling during the first two trimesters 
(n = 2580) were studied. Among this'group, untreated 
patients with positive chlamydia cultures were shown 
to have a significantly increased risk (p < .01) of pre- 
mature rupture of the membranes. This would indicate 
that late entry of patients was not a determining factor 
in the association between the presence of chlamydia 
and premature rupture of the membranes. 

We also addressed the question of whether differ- 
ences in outcomes for treated and nontreated patients 
in two consecutive time periods were due to differences 
in the population during the two periods. Hospital sta- 
tistics for 1983 and 1985 indicate a slight increase in 
the perinatal mortality rate from 1983 to 1985 (21.56% 
to 23.24%), the time during which survival in the study 
group improved. The patient population was demo- 
graphically unchanged. These conditions suggest that 
differences noted in this study were not the result of 
differences in the two time periods but were instead 
related to the use of the two protocols. 

Heggie,® FitzSimmons,' Harrison, Hardy, and 
Sweet’ and their associates studied pregnancy outcome, 
and all found no association between a positive culture 
for chlamydia in pregnant women and premature rup- 
ture of the membranes, prematurity, or low birth 
weight. Harrison et al.® did note an association between 
IgM-positive women (indicating recent acquisition of a 
chlamydial infection) and both premature rupture of 
the membranes and low birth weight, while Sweet 
et al.” found the presence of IgM antibody against chla- 
mydia to be associated with preterm delivery and pre- 
mature rupture of the membranes. Gravett? and 
Martin’ and their coworkers found an increase in pre- 
mature labor and low birth weight. Martin et al.* also 
reported an increase in stillbirths, while Gravett et al.’ 
reported an increase in premature rupture of the mem- 
branes. 

Chlamydia is the most prevalent of the serious, sex- 
ually transmitted organisms. The reported prevalence 
in pregnant women varies from 2%'° to 37%. As in 
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other sexually transmitted diseases, sexual activity— 
e.g., more than one recent sexual partner, earlier age 
at first intercourse, and contraceptive method—may 
be associated with chlamydial infections." Others have 
reported the prevalence of chlamydia to be inversely 
associated with age.* 1>!" In addition, Fromiell et al.” 
and Martin et al.” have reported an increased preva- 
lence in the lower socioeconomic group, while Shafer 
et al.!' reported an increased prevalence in blacks. The 
epidemiologic findings in the present study are consis- 
tent with the findings of these authors. 

The effect of antibiotic treatment on those patients 
with positive chlamydia cultures must be interpreted 
with caution. As previously indicated, those patients 
with positive chlamydia cultures were assigned to 
treated or untreated groups early in their prenatal care. 
Subsequent reinfection or antibiotic treatment of un- 


_ related infection (e.g., urinary tract infection) is not 


documented in this study. Therefore interpretation of 
these results will be clarified by a current study that 
includes culture at the time of labor and other inci- 
dental antibiotic therapy during the prenatal course. 
Another possible source of bias could be changes in the ._ 
patient mix or overall perinatal outcomes over the du- 
ration of the study. This is particularly true since most 
of the untreated group entered the clinic in the early 
part of the study, while the treated group entered in 
the latter part. However, there is no evidence of a 
change in patient mix, and the perinatal mortality rate 
in the institution did not change significantly over the 
duration of the study. 

_ Our patients who received treatment were treated as 
soon as the diagnosis was confirmed, and each was seen 
for a follow-up visit. Early treatment offers the possi- 
bility of subsequent reinfection and possible negation 
of the effects of treatment, thereby decreasing the like- 
lihood of. significant differences produced by treat- 
ment. Nevertheless, such a treatment policy was asso- 
ciated with a significant decrease in the incidenċe of 
premature rupture of the membranes and low-birth- 
weight infants and an increase in infant survival. These 
results strongly suggest a role for the treatment of preg- 
nant patients who have positive chlamydia cultures. 
Further studies are being undertaken to determine the 
incidence of reinfection following early treatment. 

An unexpected finding was that, in treated culture- 
positive patients, the survival exceeded that of the 
culture-negative group. McCormack et al." reported 
that a course of erythromycin given in the third trimes- 
ter to patients with positive cervical cultures for Urea- 
plasma urealyticum, Mycoplasma hominis, or both reduced 
the incidence of low-birth-weight infants and signifi- 
cantly increased the mean birth weight. The broad- 
spectrum antibiotics used in this study are effective 
against a variety of microorganisms, including several 
that might adversely affect pregnancy outcome. Thus 
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it is possible that eradication of pathogens other than 
chlamydia might have contributed to the beneficial ef- 
fects of antibiotic treatment noted. Specifically, the cu- 
mulative lessening of risk from, multiple organisms 
could account for the higher perinatal survival rates 
for infants born to mothers in the treated group, com- 
pared with those born to mothers whose initial cultures 
were negative and who therefore received no treatment 
for chlamydial infection. ; 

In summary, in a large group of pregnant women 
undergoing cervical culture for chlamydia, our analysis 
showed that this predominantly poor, urban black pop- 
ulation had a high prevalence of the organism, that 
younger patients were at greater risk than others, and 
that nonwhites were at greater risk than whites. These 
findings mirror those of studies previously cited. The 
21% incidence of positive cultures at the first prenatal 
visit confirms the high prevalence of chlamydia in our 
society. In addition, the presence of the organism in 
the cervices of pregnant womén was associated with 
premature rupture of the membranes, an increase in 
the incidence of infants with birth weight below 2500 
grams, and a decrease in perinatal survival. We con- 
clude that these findings support routine screening of 
the cervix for chlamydia i in pregnant high-risk popu- 
lations stich as ours. We further found that in patients 
with positive chlamydia cultures, eradication of chla- 
mydia from the cervix was associated with a decreased 
risk of premature rupture of membranes and low birth 
weight. This finding suggests that the outcome of preg- 
nancy for women with positive cervical chlamydia cul- 
tures may be improved by a course of appropriate an- 
tibiotic therapy. Further carefully controlled prospec- 
tive studies are needed to confirm these findings. ` 
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Does previous Chlamydia trachomatis infection influence 
the pregnancy rate of in vitro fertilization and 


embryo replacement? 


Stellan Osser, MD, Kenneth Persson, MD, Hakan Weare: MD, and Percy. Liedholm, MD 


Malmö, Sweden 


The association between previous chlamydial infection, as reflected by the presence of chlamydial 
antibodies (specific serum immunoglobulin G antibodies with a titer =32) and pregnancy outcome after 

in vitro fertilization and embryo replacement was studied i in 121 ‘infertile women with tubal damage. The 
antibody prevalence was 74.4%; the overall pregnancy rate was 26.4%. No difference in seropositivity was 
detected between those who became pregnant and those who did not (71.9% versus 75.3%). The 
geometric mean titers were also similar in the two groups. Even after subdivision of the-cases into primary 
or repeated in vitro fertilization attempts, or after stratification of the material according to the number of 
‘embryos used for replacement, there was no correlation between chlamydial antibodies and pregnancy 
rate. Thus, past infection with Chlamydia trachomatis did not influence the outcome of in vitro fertilization 
and embryo replacement treatment in this study. (Am J OBSTET GYNECOL 1990;162: 40- 4.) 


Key words: Chlamydial antibodies, tubal infertility, in vitro fertilization 


Chlamydia trachomatis has become the predominant 
single etiologic agent associated with acuteé salpingitis.’ 
In Scandinavia about half of all such cases are of chla- 
mydial origin.? The clinical manifestations of chlamy- 
dial salpingitis are often milder than those in patients 
with salpingitis ` of other causes.’ A considerable pro- 
portion of these patients can become infertile because 
of permanent damage to the fallopian tubes.’ Tubal 
infertility, as a whole, is the most common single in- 
fertility factor in-women of barren unions.’ Many of 
these patients have no history of salpingitis. During 
recent years many different groups have shown a strik- 
ing correlation between chlamydial antibodies and 
tubal factor infertility. Se 

In vitro ‘fertilization (IVF) and embryo replacement 
has become a widespread method of treatment of in- 
fertility, especially to overcome mechanical infertility as 
a result of damaged tubes. At General Hospital, Malmö, 
Sweden, IVF has been a routine procedure since 
1989. 11,12 

Recently some studies have focused attention on pre- 
vious chlamydial infection, as réflected by chlamydial 
antibodies, in relation to the pregnancy outcome after 
IVF. In a study from Bourn Hall Clinic in England the 
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pregnancy rate was halved when antibodies were pres- 
ent, but only when three embryos were replaced.” An 
investigation from Royal North Shore Hospital in Syd- 
ney, Australia, was not able to show a decreased preg- 
nancy rate in the presence of chlamydial antibodies." 
Moreover, two different studies from Israel have pre- 
sented contradictory results in this respect," i6 

In view of this controversy, we performed a study to 
assess the prevalence of past chlamydial infection, as 
reflected by serologic markers, and its relation to preg- 
nancy outcome after IVE. 


Material and methods 


Patients. During a 13-month period, 1987 to 1988, 
IVF and embryo replacement were performed i in 135 
women at the Department of Obstetrics and Gynecol- 
ogy, Malmö General Hospital. Tubal infertility was the 
indication for IVF in all but nine ‘patients (four had 
endometriosis and five had unexplained infertility). 
These nine patients were excluded from further anal- 
ysis, as were five patients in whom an ambiguous se- 
rologic reaction was observed. Almost all the remaining 
patients had severe bilateral tubal disease and had pre- 
viously undergone tubal surgery. Repeated IVF at- 
tempts were made during the period studied in some 
of these 121 patients, but only the first attempt was 
included in the study. For 69 women the first treatment 
cycle during the study period was the first ever at- 
tempted (group I), whereas 52 women (group II) had 
undergone IVF trials before the first one during this 
study period. l l 
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The mean age of the 121 study participants was 31.8 
years (range, 24 to 38) and duration of infertility was 
6.5 years (1 to 18) on average. A history of salpingitis 
was recorded in 41 patients (33.9%) and 48 women 
(39.7%) had undergone an ectopic pregnancy. 

Procedure of IVF and embryo replacement. For 
ovarian stimulation, clomiphene citrate and human 
menopausal gonadotropin were given in combination, 
starting on day 2 or 5 in the menstrual cycle. Initiation 
of stimulation on cycle day 2 or 5 was decided individ- 
ually to avoid ovum pickup on a Saturday or a Sunday. 
A dose of 50 mg of clomiphene citrate was given daily 
for 5 days and 150 IU human menopausal gonadotro- 
pin was administered daily in the morning until the day 
before injection of 5000 IU human chorionic gonad- 
otropin. Follicular development was monitored by mea- 
surement of the concentrations of 17-estradiol and 
progesterone in serum. In the evening, 2 days after the 
2500 pmol/L concentration of estradiol had been ex- 
ceeded, an injection of human chorionic gonadotropin 
was given. Ovum pickup was carried out 34 to 35 hours 
later by laparoscopy or guided by ultrasonography via 
the transvaginal route. 


Each oocyte was kept in a test tube with 0.75 ml of _ 


Earle’s medium supplemented with pyruvate, penicil- 
lin, and 10% heat-inactivated patient’s serum. Sper- 
matozoa were prepared by centrifugation and swim- 
up, and approximately 100,000 motile spermatozoa 
were added 5 hours after ovum pickup.” Earle’s me- 
dium with 15% serum was used for culture after the 
pronuclear stage. Incubation was carried out in a hu- 
midified mixture of 5% oxygen, 5% carbon dioxide, 
and 90% nitrogen at 37° C. 

The embryo replacement procedure was carried out 
in the afternoon 2 or 3 days after ovum pickup. A 
transparent double Teflon catheter designed and pro- 
duced in our laboratory was used. The cleaved eggs 
were replaced in 30 to 50 wl of culture medium ap- 
proximately 0.5 cm from the fundus. For luteal sup- 
port, an injection of 5000 IU HCG was given on the 
day of ovum pickup and ernbryo replacement and 7 
days after embryo replacement. 

Pregnancy was verified by conventional pregnancy 
test of urine not earlier than 2 days after a missed 
period and ultrasonographic examination at 7 weeks’ 
gestation. Transitory elevations of human chorionic go- 
nadotropin were not included among the reported 
pregnancies. 

Specimens and serologic procedures. Blood was 
drawn from all patients and serum was separated for 
antibody determination. Chlamydial immunoglobulin 
G antibodies were detected by microimmunofluores- 
cence with the use of pooled yolk sac antigens of se- 
rotypes D to K. In addition, a C. psittaci antigen-6BC 


Chlamydia and in vitro fertilization 41 


Table I. Patient data in the study group 
related to chlamydial serology 










Seropositive 
Seronegative (IgG = 32; 
Patient data (n = 31) n = 90) 









Mean age (yr) 32.0 (range, 31.8 (range, 
, 26-38) 24-38) 
Mean duration of 6.4 (range, 6.6 (range, 


infertility (yr) 1-14) 1-18) 


No. with history of 13 (41.9) 28 (31.1) 
salpingitis (%) 
No. with history of 11 (35.5) 37 (41.1) 


ectopic preg- 
nancy (%) 


Table II. Serologic and patient data in the two 
subgroups of IVF patients 


Group I Group II 
(n = 69) (n = 52) 
Chlamydial anti- 50 (72.5) 40 (76.9) 
bodies = 32 (%) 
Geometric mean 119 108 
titer 
Mean age (yrs) 31.2 (range, 32.7 (range, 
24-38) 26-38) 
Duration of infer- 6.2 (range, 7.0 (range, 


tility (yrs) 1-15) 1-18) 


No. with history of 24 (34.8) 17 (32.7) 
salpingitis (%) 
No. with history of 25 (36.2) 23 (44.2) 


ectopic preg- 
nancy (%) 


and a TWAR strain IOL 207 were included as separate 
dots in the test. A titer 32 against C. trachomatis was 
considered positive, the titer being defined as the re- 
ciprocal at the final dilution step where antibody reac- 
tivity could be detected. We were unable to distinguish 
C. trachomatis from TWAR antibodies in five sera; these 
patients were excluded from further study. Cervical 
and urethral swab specimens for chlamydial isolation 
were also obtained in all cases. These were inoculated 
on coverslip cultures of McCoy cells treated with cy- 
cloheximide. After incubation for 48 hours, the cul- 
tures were examined and stained with a fluorescent 
monoclonal antibody (SYVA). 

Statistical methods. Statistical methods used were the 
x’ test with the Yates correction to analyze differences 
between relative frequencies and the Student ż test to 
compare the geometric means of antibody titers. 


Results 
- Chlamydial immunoglobulin G antibodies with a titer 
232 were detected in 90 (74.4%) sera of the 121 pa- 
tients who underwent. IVF. The geometric mean titer 
of antibody-positive cases was 114. There were no sig- 
nificant differences with regard to age, duration of in- 


42 Osser et al. 


i January 1990 
Am J Obstet Gynecol 


Table III. Chlamydia serum immunoglobulin G antibody frequency and geometric mean titer among 121 


IVF patients correlated to treatment outcome 

















Antibody frequency 
Whole group Group I Group H Geometric mean titer 
Treatment 
outcome Whole group Group IT 
Pregnant 23/32 71.9 16/23 69.6 7/19 77.8 144 181 86 
Nonpregnant 67/89 75.3 34/46 73.9 33/43 76.7 105 98 104 





fertility, history of salpingitis, and ectopic pregnancy 
between seronegative and seropositive patients (Table 
I). As described earlier, the whole material was subdi- 
vided in two groups according to whether the current 
treatment cycle was the first attempt or a repeat one. 
Table II shows that there are no real differences be- 
tween the groups with regard to antibody frequency, 
geometric mean titer, or the other data analyzed. Also, 
the frequency distribution of antibody titers was similar 
for both groups. ; 

Pregnancy was achieved in 32 (26.4%) of the 121 
patients. The mean age of the pregnant women was 
31.4 years, and 32.0 years for the nonpregnant patients. 
In group I, 23 (33.3%) of 69 treatments resulted in 
pregnancy and in group II, 9 (17.3%) of 52, which was 
a Jower rate but not significantly different from the 
result in group I. When one embryo was replaced, 4 
(16.0%) of 25 became pregnant, as compared with 28 
(29.2%) of 96 when 2 to 5 embryos were replaced. The 
difference is not statistically significant but the numbers 
in the group of patients who received only one embryo 
are low. Among the patients in whom one embryo was 
replaced, 20 (80.0%) of 25 had antibodies with a geo- 
metric mean titer of 124, and in 70 (72.9%) of 96 pa- 
tients in whom more than one embryo was replaced, 
significant antibody titers were obtained. Geometric 
mean titer in the latter group was 111. 

The same frequency of chlamydial antibodies was 
detected among women who became pregnant as 
among those who did not, 23 (71.9%) of 32 compared 
with 67 (75.3%) of 89. After the subgrouping, no dif- 
ference was detected (Table III) either concerning an- 
tibody frequency or geometric mean titer. The distri- 
bution of titers was also similar in the two groups. Not 


even when the number of embryos replaced was con- 


sidered was any difference evident between pregnant 
and nonpregnant patients with regard to antibodies. 
Of the 32 pregnancies achieved, 23 babies were born 


(including one triplet and one, twin pregnancy), 9 


aborted spontaneously, and 3 ended with an ectopic 
pregnancy. There were no biochemical pregnancies. 


The antibody profile was the same in the women with ' 


complicated pregnancies as it was among the rest. In 
the group with 20 full-term pregnancies, antibodies 


were present in 15 (80.0%); in the group of 12 mis- 
carriages and ectopic pregnancies, 8 (66.7%) had an- 
tibodies. Geometric mean titers were 169 and 108, re- 
spectively. : 

A positive endocervical chlamydial culture was ob- 
tained in only one patient who received erythromycin 
and, in fact, became pregnant. 


Comment 

In this study of women undergoing IVF and embryo 
replacement, a high incidence of chlamydial antibodies 
was found. This was expected because in all cases the 
indication for the treatment was tubal factor infertility, 
which is strongly associated with previous chlamydial 
infection.*'° We were not able to show any correlation 
between the existence of chlamydial antibodies and the 
outcome of IVF treatment. Thus our results are similar 
to those reported by two other independent groups," '® 
but contradictory to the results of two other re- 
ports '*'5 The disparities call for careful consider- 
ation. l 

A negative association between chlamydial antibodies 
and pregnancy rate after IVF was identified in one 
published study in a subgroup of patients in whom 
three embryos were replaced, indicating that when op- 
timal conditions are achieved, host factors may be im- 
portant for the ultimate outcome.'* An observation 
such as this one needs independent verification, as a 
subgroup may often be identified in a material that 
occasionally by chance differs from the rest of the ma- 
terial. We have analyzed our material specifically with 
regard to the influence of the number of embryos re- 
‘placed on the association between chlamydial antibod- 
ies and the pregnancy rate. No such influence was de- 
tected in our study. ; 

Occasional failure to achieve pregnancy because of 
suboptimal conditions may be compensated by re- 
peated trials. Therefore, on the same assumptions as 
indicated above, an association between chlamydial an- 
tibodies and pregnancy rate ought to appear more 
clearly in the group of repeat trials. This was not ob- 
served in our material. Although there was a lower 
pregnancy rate in group II (although not statistically 
significant), the antibody pattern was the same as in 
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group I, which indicates that other factor(s) may be of 
importance. 

An additional study has disclosed a negative influ- 
ence of chlamydial antibodies on the successful out- 
come of IVF, measured as take-home baby rate.” In 
that study, a high proportion of the pregnancies 
were biochemical and these women had antibodies 
as often as did those who did not conceive. Patients 
with miscarriages fell midway between those with full- 
term pregnancies and the other group (biochemical- 
nonpregnant) with respect to antibody frequency. 


These results seem to indicate an association between ` 


chlamydial antibodies and an endometrial factor to pre- 
vent or at least disturb the maturation of the conceptus, 
although nidation does not seem to be affected to the 
same extent as reflected in a group of biochemical 
pregnancies. The stepwise increase in correlation be- 
tween chlamydial antibodies and the pregnancy rate in 
subgroups, arrayed in a logical way, is very unlikely to 
be a result of chance alone and therefore lends strong 
support to an association between chlamydial antibod- 
ies and pregnancy rate after IVF treatment. 

Our study did not assess biochemical pregnancy, but 
rather clinical pregnancy. No association between clin- 
ical pregnancy and chlamydial antibodies was detected. 
Even when the pregnancy outcomes were subdivided 
into the different categories, no correlation could be 
detected between chlamydial antibodies and pregnancy 
rate. 

Two published investigations support our results, 
but the material in those studies were not analyzed in 
the same manner with regard to the number of embry- 
os replaced and the number of attempts that were 


made.'* ® We have tried to distinguish between anti- - 


bodies to a TWAR antigen and to C. trachomatis. It is 
not clear from the other studies whether this was done 
and therefore may explain to some extent the disparate 
results. 

Not in a single case were signs of active genital in- 
fection present, although one cervical Chlamydia culture 
proved positive. In patients with tubal infertility, as a 


whole, recovery of Chiamydiafrom any site is very rare.’* 


However, a silent endometrial infection cannot be ex- 
cluded but requires verification by biopsy. Treatment 
of IVF patients with prophylactic antibiotics has been 
tried without any effect on the success rate." A possible 
explanation for the various results from different cen- 


ters may relate to the use of antibiotics. Acute salpingitis 


has been vigorously treated and tetracyclines have been 
used for a long time in Sweden. Also, for other minor 
infections tetracyclines often are given. Therefore in a 
society with such an antibiotic policy the risk, if true, 
of chronic persistence of Chlamydia in a dormant state 
is less than in areas with other treatment traditions. 
The role of the male partner with regard to genital 
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chlamydial infection is probably of little or no impor- 
tance. In a previous study of male consorts of women 
undergoing IVF, chlamydial antibodies were found in 
only 15% and ail men were culture-negative and had 
no signs of urethritis or prostatitis.'® 

Previous chlamydial infection in women is a common 
cause of tubal infertility. When these patients are 
treated with IVF and embryo replacement we believe 
that the outcome of treatment, in our hands, is no dif- 
ferentfrom the results in patients in whom previous 
chlamydial exposure could not be documented. There- 
fore there is no need for antichlamydial therapy unless 
there is active chlamydial infection. The cause of IVF 
failure probably has to be sought among a variety of 
factors. However, the controversy with regard to chla- 
mydial antibodies and treatment outcome continues 
and the varying results in different reports cannot be 
explained. 
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Disseminated intravascular coagulopathy and adult respiratory 
distress syndrome: Life-threatening complications 


of hysteroscopy 


R Jedeikin, MB, ChB, D. Olsfanger, MB, ChB, and I. Kessler, MD - 


Kfar Saba, Israel’ 


A 23-year-old, healthy woman underwent hysteroscopy during which Hyskon solution was injected into the 
uterine cavity. Soon afterward she developed a bleeding coagulopathy followed by acute respiratory 
insufficiency and pulmonary edema, necessitating endotracheal intubation and artificial ventilation with 
positive end-expiratory pressure. This rare complication of hysteroscopy was most probably due to the 


injection of Hyskon solution. (Am J OssteT GynecoL 1990;162:44-5.) 


Key words: Hysteroscopy, complications; Hyskon solution, disseminated intravascular 


coagulopathy, ARDS | 


Hysteroscopy is a valuable diagnostic technique that 
is both safe and easy to perform. Serious complications 
are rare and are usually attributable to either the an- 

‘ esthetic or the insufflating medium. an 

This clinical report describes a patient who devel- 
oped disseminated intravascular’ coagulopathy and 
adult respiratory distress syndrome after hysteroscopy 
during which high-molecular-weight dextran (Hyskon) 
was used to distend the uterus. ` 


Case report 


A 23-year-old, previously healthy woman underwent 
hysteroscopy with general anesthesia for infertility 
workup. During the 45-minute procedure 1200 ml of 

Hyskon solution was injected into the uterine cavity. 
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After hysteroscopy, bleeding was noted through the 
cervix. A laparoscopy was performed and showed a 
normal uterus and adnexa. An hour later, the patient 
became increasingly restless and started to cough up 
frothy red sputum. The trachea was intubated and ar- 


tificial ventilation was started with an FIo, of 0.6. 


The patient’s condition steadily improved without 
further hemorrhage. Blood coagulation indices, blood 
gas values, and chest x-ray film returned to normal. On 
day 3 the trachea was extubated. Five days. after ad- 
mission she was discharged from the intensive care unit 
in excellent condition. 


Comment 


Hysteroscopy is a relatively simple. procedure, the 
success of which depends on obtaining a panoramic 


view of the uterine cavity. This is accomplished by in- 


sufflation with carbon dioxide or injection of a liquid 
medium such as Hyskon solution. Hyskon is dextran 
with a molecular weight of 70,000 and is considered an 
ideal agent for hysteroscopy. It is electrolyte-free, non- 
conductive, and biodegradable; it also does not mix 
with blood. Furthermore dextrans that are frequently 
used as colloid volume expanders have a low incidence 
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of side effects, the most serious of which is the occur- 
rence of a life-threatening anaphylactoid reaction. This 
occurs with an incidence of between 0.069% and 
0.008%." l 

Recently two cases of noncardiogenic pulmonary 
edema were described after operative hysteroscopy 
with Hyskon solution.? In both cases fibrinogen, pro- 
thrombin time, and partial thromboplastin time were 
found to be normal. i 

- We believe that Hyskon solution was’ the cause’ of 
disseminated intravascular coagulopathy and adult re- 
spiratory distress syndrome in our patient. She had no 
previous history of a bleeding disorder and the coag- 
ulation indices returned to normal within 5 days. The 
anesthetic administration was uneventful and the 
agents used (thiopentone, pancuronium, fentanyl, and 
halothane) have never been shown to cause dissemi- 
nated intravascular coagulopathy or adult’ respiratory 
distress syndrome. There was also no evidence af occult 
cardiac disease, which must be considered in the dif- 
ferential diagnosis of adult bespinatoyy distress syn- 
drome. 

It is highly likely that the amount of Hyskon solution 
injected into the uterus was excessive and may have 
contributed to an adverse drug reaction manifested by 
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disseminated intravascular coagulopathy and adult re- 
spiratory distress syndrome. A total of 1200 ml of Hys- 
kon solution is about 10 times the manufacturer’s rec- 
ommended dose. This large dose probably substantially 
increased’ the peritoneal and intravascular absorption 
of the Hyskon solution and further contributed to the 
adverse reaction. ` 

‘No pharmacologic agent is without side effects; Hys- 
kon solution is no exception. Although Hyskon solution 
is widely accepted i in clinical practice, care in its yse is 


„still warranted. 


We agree with Leake et al.” that the volume of Hyskon 
solution be limited to 300 ml and that it be injected 
slowly and carefully. This should decrease the quantity 
of Hyskon solution entering the uterine vasculature or 
being absorbed i via the fallopian tubes and peritoneal 
cavity. 
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Neonatal outcome after prolonged preterm rupture of 
the membranes | 
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Pulmonary hypoplasia was diagnosed in 14 of 88 infants (16%) delivered in 1983 to 1986 after rupture of 
the membranes of =7 days with onset before 29 weeks’ gestation. Logistic regression analysis applied to 
examine the relative importance of perinatal risk factors in the prediction of pulmonary hypoplasia showed 
that gestational age at onset of rupture of the membranes had a significant effect (p = 0.002) on the odds 
that pulmonary hypoplasia. developed in the neonate, whereas the duration of rupture of the membranes 
(p = 0.11) and the degree of oligohydramnios {p = 0.65) did not. Postnatally, the presence of pulmonary 
hypoplasia was associated with the severity of skeletal compression deformities (p < 0.0001). The 
development of skeletal compression deformities was associated with severe oligohydramnios (p = 0.05) 
and duration of rupture of the membranes (p = 0.02) but not gestational age at rupture of the membranes 


(p = 0.77). Gestational age at onset of rupture of the membranes being the best single predictor of 
pulmonary hypoplasia suggests that the stage of lung development at rupture of the membranes may be 


important. (Am J OssteT GynecoL 1990;1 62:46-52.) 


Key words: Fetal membranes, prolonged and premature rupture of the membranes, 


pulmonary hypoplasia, oligohydramnios 


Prolonged and preterm rupture of the membranes 
(PROM) is associated with increased chance of infection 
in both the mother and the fetus, perinatal death as a 
result of prematurity, and fetal distress during labor 
because of cord compression. Extended latency periods 
after PROM are associated with the additional risks of 
pulmonary hypoplasia and skeletal compression defor- 
mities.'? Current management protocols for PROM 
adopt a conservative and expectant approach to allow 
fetal-maturity unless evidence of maternal or fetal in- 
fection dictates delivery. With the trends toward ob- 
servation and expectant management in PROM, the 
association of oligohydramnios and pulmonary hypo- 
plasia becomes increasingly important. Because pul- 
monary hypoplasia is associated with a high neonatal 
mortality rate,** prenatal detection of its occurrence 
and severity would be helpful in the clinical manage- 
ment of PROM. Clinical studies*® in the past decade 
have suggested the following as significant risk factors 
for pulmonary hypoplasia: (1) gestational age at onset 
of rupture of membranes (ROM) before 26 weeks’ ges- 
tation; (2) duration of ROM of >7 care and (3) severity 
of oligohydramnios. 
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Because of the differences in the patient populations 
and methods of data analysis in the various studies, it 
is difficult to derive definitive conclusions from the re- 
sults. In this study, we reviewed 88 neonates who were 
born after prolonged rupture of the membranes of =7 
days and onset of rupture before 29 weeks’ gestation 
with the objective of determining the relative impor- 
tance of the individual risk factors in the prediction of 
pulmonary Hypoplasia and severe skeletal deformities. 


Material and methods 


Study population. The population consisted of 88 
infants admitted to the Neonatal Intensive Care Unit 
of British Columbia’s Children’s Hospital from 1983 to 
1986 who were born after ROM of =7 days and in 
whom ROM occurred before 29 weeks’ gestation. They 
were evaluated retrospectively by maternal and infant 
chart review. The diagnosis of ROM was confirmed as 
per usual practice by sterile speculum examination with 
pooled fluid, ferning, and alkaline pH determination. 
Infants with major congenital anomalies were ex- 
cluded. All infants had normal kidneys. Of these 88 
infants, 81 were inborn infants from the adjoining 
Grace Maternity Hospital arid 7 were outborn infants 
transferred to the unit soon after birth. 

The quantity of amniotic fluid was estimated by fetal 
ultrasonographic examinations in the inborn and by 
ultrasonographic reports in most of the outborn cases. 
The last ultrasonographic examination was used, which 
was usually within 1 week before delivery. In 69/81 
inborn infants, the decrease in amniotic fluid volume 
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Table I. Clinical profile of infants born after ROM of =7:days that occurred before 29 weeks’ gestation 








No pulmonary hypoplasia 


Gestational age at birth (wk)* 
Birth weight (gm)* 
Gestational age at ROM (wk)* 
ROM (days)* 


Oligohydramnios 
Severe 
Moderate 


Deformities 
Severe 
Moderate 


Pneumothoraces 

Persistent pulmonary hypertension 
of the newborn 

Maternal amnionitis 

Neonatal infection 

Small for gestational age 

Died 


98.2 + 2.16 (24-34). 
1191 + 362 (640-2280) 
25.1 + 2.68 (15-28) 
99.4 + 18.5 (7-126) 


8 (11%) 


Pulmonary hypoplasia 
(n = 74) (n = 14) 
26.2 + 2.14 (24-31) 
903 + 278 (580-1590) 
20.9 + 3.17 (16-26) 
38.4 + 20.9 (8-67) 


26 (35%) 7 (50%) 
20 (27%) 5 (36%) 
0 (0%) 5 (36%) 
9 (12%) 4 (29%) 
11 (15%) 9 (64%) 
8 (11%) 6 (43%) 
35 (47%) 8 (57%) 
4 (5%) 0 (0%) 
6 (8%) 1 (7%) 

10 (71%) 





*Values are mean + SD (range). 


was semiquantitatively estimated by measurement of 
the depth of the largest fluid pocket.’ The degree of 
oligohydramnios was graded as severe, moderate, or 
mild-normal if the largest pocket measured <1.0 cm, 
1.0 to 2.0 cm, or >2.0 cm. Qualitative assessment was 
available in another 10 infants with the use of visual 
criteria of obvious lack of fluid and evidence of fetal 
crowding (e.g., dolichocephaly). 

The diagnosis of pulmonary hypoplasia was made on 
the basis of clinical, radiologic, and pathologic evidence. 
Suggestive clinical signs* were small chest circumfer- 
ence, immediate onset of severe pulmonary insuffi- 
ciency after birth requiring high ventilator pressures 
and unusual clinical course complicated by pneumo- 
thoraces, pulinonary interstitial emphysema, and per- 
sistent pulmonary hypertension. Radiologic criteria® in- 
cluded small well-aerated lung fields with elevated di- 
aphragms up to the seventh rib, downward sloping ribs 
with occasional dysplastic appearance, and a bell- 
shaped chest. Pathologic diagnosis? was made on the 
basis of marked decreased lung weights of the expected 
for the gestational age with or without evidence of de- 


creased radial alveolar counts. 
Information about skeletal deformities was obtained 


from the initial physical examination and they were 
graded as: mild, bruising with or without molding; 
moderate, compression abnormalities of limbs; and se- 
vere, Potter-like facies and limb abnormalities. 
Statistical methods. The relationship between the 
presence or absence of pulmonary hypoplasia and the 
presence or absence of severe skeletal compression de- 
formities with gestational age at rupture (GAR), num- 
ber of days of rupture (RDAYS) and extent of oligo- 


hydramnios was investigated with multiple logistic 
regression and contingency table analysis. The logistic 
regression analysis was performed with gestational age 
at rupture and number of days of rupture both as con- 
tinuous and categorical variables; only results from the 
former analysis are presented here. Logistic regression 
is based on representing the probability of pulmonary 
hypoplasia (or skeletal compression deformities) as a 
function of the values of gestational age at rupture, 
number of days of rupture, and oligohydramnios (rep- 
resented by two categorical variables: OLIGOM, coded 
1 for moderate and 0 otherwise, and OLIGOS, coded 
1 for severe and 0 otherwise) as follows: 


` Probability of pulmonary hypoplasia = 


1/[1 + e7 o + BGAR + B RDAYS + B,OLIGOM + BOrEOs)] 


where e is the base of the natural logarithm system and 
Bo, Bi, Be, Bs, and B, are coefficients to be estimated. 
Results’ of these analyses are also presented in terms 
of odds ratio coefficients and associated 95% confi- 
dence intervals. These coefficients are the exponen- 
tiated regression coefficients and are useful for making 
comparative statements about the relative risks of pul- 
monary hypoplasia or skeletal compression deformities 
as functions of the individual or combined risk factors 
when the remaining factors are held fixed. They are 
multiplicative factors; values greater than one mean 
that increases in the value of the corresponding mea- 
surement increase the odds of the outcome, whereas 
values less than one correspond with decreases in the 
odds of the outcome. Inasmuch as the oligohydramnios 
variables OLIGOM and OLIGOS assume only the val- 
ues of zero and one, these coefficients directly estimate 
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die’ increase or decrease (multiplicative) in, odds of 
pulmonary hypoplasia or skeletal compression defor- 
mities for a subject with moderate or sévere oligohy- 
dramnios relative to mild oligohydramnios at the same 
values of gestational age at rupture and number of days 
of rupturè. For the continuous variables, the odds are 
multiplied by the odds ratio coefficiént raised to a 
power that equals the difference in the values of the 
measurement for the two subjects. 

‘Likelihood ratio tests were used to test the j joint effect 
of the oligohydramnios variables. Inferences weré 
based on the asymptoti¢ normality .of the coefficient 
estimates, Residual analysis!? was used to check the ad- 
equacy of the estimated logistic model. The parameters 
of the model were reéstimated with disparate obser- 
vations deleted to determine their effect. 


Results 2 

Cliriical profile. The clinical profile of the study in- 
fants is summarized in Table I. Of note, the group with 
pulmonary hypoplasia had a much higher mortality 
(71%), with eight early neonatal deaths as a result of 
pulmonary insufficiency and two late deaths after pro- 
longed ventilatioti as a restilt of bronchopulmonary 
dysplasia. This group was also associated with a higher 


incidence of skeletal deformities, air leaks, and persis- . 


tent pulmonary hypertension. 
Of the 74 infants with no pulmonary hypoplasia, 
eight (11%) died: two of amniotic infection syndrome, 
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. 80 
NUMBER OF DAYS OF RUPTURE 
Fig: 1. Relationship between gestational agé at ROM, duration of rupture, and pulmonary hypoplasia 
in 88 infants. ; 


120 


five of severe respiratory. distress syndrorñe, and oné 
late of bronchopulmonary dysplasia. In ‘this group, 
mortality was related to the gestational age at birth and 
the birth weight, but not to > the predictors of pulmonary 
hypoplasia. 

-Pulmonary hypoplasia; Pulmonary hypoplasia. was 

diagnosed in 14 (16%) of the 88 infants. One diagnosis 
was based on clinical criteria only, 8 were made radio- 
logically with or without clinical . evidence, and seven 
were confirmed at autopsy. 
- The data relating pulmonary hypoplasia, EE 
age at rupture, and duration of rupture are depicted 
in Fig. 1. Pulmonary hypoplasia did not develop in any 
infant with ROM that occurred after 26 weeks’ gesta- 
tion. However, with ROM at or before 26 weeks’ ges- 
tation, duration of ROM as-shoft, as 7 days, could be 
associated with pulrnonary hypoplasia. 

Results of the logistic regression analysis are pre- 
sented in Table II. We observed that when adjusting 
for length of rupture (in days) and severity of oligo- 
hydramnios, gestational age at time of rupture had a 
significant effect (p = 0.002) on the odds (probability 
of pulmonary hypoplasia/probability of no pulmo- 
rary hypoplasia) that a subject contracted pulmonary 
hypoplasia. The value 0.54 in the column labeled 
“Odds Ratio” cari be interpreted as the decrease in odds 
of pulmonary hypoplasia | per week delay in the gesta- 
tional age at rupture given that the length of time of 
rupture aiid severity of oligohydramnios remain fixed. 
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Gestational Age at Rupture 


Fig. 2. Curve relating probability of pulmonary hypoplasia to gestational age at ROM derived from 
estimated logistic equation: Probability of pulmonary hypoplasia = 1/[1 + e77?7*+°#8°4®), PH, pul- 


monary hypoplasia. 


Table II. Factors related to the presence of pulmonary hypoplasia in subjects in whom oligohydramnios 


was present 


i 95% Confidence 
Coefficient” Odds ratio? intervalt 


Quantity p Value 
Constant 14.07 — — — 
Gestational age at —0.62 0.54 0.36-0.80 0.002 

rupture 
Days of rupture —0.04 0.96 0.91-1.01 0.11 
Oligohydramnios$ 
Moderate 0.01 1.01 0.13-7.77 0.99 
Severe 0.39 1.48 0.22-9.97 0.68 





*Estimated value of Bo, Bi, Be, Bs, and R in logistic equation. 


tExponentiated coefficient from multiple logistic regression, which contains all variables in the table. 
Confidence interval on the basis of asymptotic normality of coefficient estimates. 
§Baseline chosen to be normal-mild oligohydramnios. Values are relative to this baseline. 


For example, the odds of pulmonary hypoplasia in a 
subject whose rupture is at 28 weeks’ gestation are 0.29 
(0.54) times as great as those in a subject in whom 
rupture occurs at 26 weeks (2 weeks earlier), given that 
the time of rupture and severity of oligohydramnios 
are the same. Neither the length of rupture (p = 0.11) 
nor degree of oligohydramnios (p = 0.65 based on 
likelihood ratio test) had a significant effect on the odds 
of pulmonary hypoplasia when accounting for the 


other two risk factors. 
As a consequence of the above results, the logistic 


regression model was reestimated with gestational age 
at rupture as the only independent variable. The es- 
timated coefficients were Bo = 7.27 and B, = —0.38 so 
that the estimated probability of pulmonary hypoplasia 
as a function of gestational age at rupture is given by 
the following equation: 


Probability of pulmonary hypoplasia = 
1/[1 + e772 + 0.38 SAR 


This relationship is represented in Fig. 2, which shows 
that at a gestational age of rupture of 19.0 weeks, the 
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Table III. Factors related to the presence of moderate or severe deformities in subjects in which 


oligohydramnios was present 





Quantity ; Coefficient* 
Constant -5.57 
Gestational age at — 0.04 

rupture - 
Days of rupture -0.07 
Oligohydramnios§ 
Moderate 0.33 
Severe 2.25 











95% Confidence 
Odds ratiot interval p Value 
0.96 0.73-1.26 0.77 
1.07 1.01-1.13 ; 0.02 
1.39 0.11-16.76 0.79 
9.49 1.03-86.90 0.05 





*Estimated value of Bo, Bi, Bz Bs, and B, in logistic equation with probability of deformity replacing probability of pulmonary 


hypoplasia. 


+Exponentiated coefficient from multiple logistic regression, which contains all variables in the table. 
+Confidence interval on the basis of asymptotic normality of coefficient estimates. 
§Baseline chosen to be normal-mild oligohydramnios. Values are relative to this baseline. 


probability of pulmonary hypoplasia is 0.5 and for a 
gestational age at rupture of 24.8 weeks, the probability 
of pulmonary hypoplasia is 0.1. Extrapolation of the 
results of this model outside of the range of the data 
shows that at a gestational age at rupture of 31.1 
weeks, the probability of pulmonary hypoplasia is only 
0.01. 

To further investigate the relationship between du- 
ration of oligohydramnios and pulmonary hypoplasia 
we evaluated 15 patients who had moderate or severe 
oligohydramnios for =7 days as confirmed by serial 
ultrasonographic assessments. We found in this group 
that 3 of 15 (20%) had pulmonary hypoplasia. Logistic 
regression analysis showed that incidence of pulmonary 
hypoplasia was not related to the number of days of 
moderate or severe oligohydramnios (p = 0.73). 

Skeletal deformities. There is a significant associa- 
tion between the severity of deformities and the degree 
of oligohydramnios (p = 0.031, x? test). This relation- 
ship was investigated further with multiple logistic 
regression. For this analysis, degree of skeletal defor- 
mities were classified into two groups, mild or absent, 
and moderate or severe. Table II] gives the results of 
this analysis. It shows that gestational age at rupture 
was not significantly related to degree of deformities 
(p = 0.83), whereas the presence of severe oligohy- 
dramnios (p = 0.05) and length of rupture (p = 0.02) 
were so related. 

The odds of moderate or severe deformities in- 
creased at the rate of 1.07 per day of rupture given 
that the age at rupture and severity of oligohydramnios 
were fixed. That is, the odds of moderate or severe 
deformities would be 1.40 (1.075) times greater in a 
subject who had ruptured membranes for 20 days than 
that in a subject who had ruptured membranes for 15 
days for the same degree of oligohydramnios and same 
age at rupture. In subjects with severe oligohydram- 
nios, the odds of moderate or severe deformities were 


9.49 greater than that in subjects with no or mild oli- 
gohydramnios. ‘ 

Pulmonary hypoplasia and skeletal deformities. 
There is a strong association between the presence 
of pulmonary hypoplasia and the extent of skeletal 
deformities (p < 0.0001, x? test). The odds of pul- 
monary hypoplasia increase greatly with the extent of 
deformities. 


Comment 

There may be a significant overlap between hyaline 
membrane disease and pulmonary hypoplasia in the 
pathogenesis of severe respiratory failure after PROM. 
The generally accepted criteria for the clinical* and 
radiologic’ diagnosis of pulmonary hypoplasia were 
used in our study. Pathologic criteria of pulmonary 
hypoplasia are well established in previous studies, al- 
though there is uncertainty as to which method is most 
reliable. These include lung weight/body weight ratio, 
lung deoxyribonucleic acid content expressed as total 
or as a ratio to either lung weight or body weight, and 
radial alveolar counts.®"' In our retrospective study, 
marked decrease in lung weights expected for gesta- 
tional age at autopsy was used. In some cases, reduced 
radial alveolar counts were also available. With careful 
diagnosis with a combination of clinical, radiologic, 
and pathologic findings, pulmonary hypoplasia was 
diagnosed in 14/88 (16%) of infants born after ROM 
of =7 days that occurred before 29 weeks’ ges- 
tation. 

Pulmonary hypoplasia is associated with high mor- 
tality, ranging from 52.4% to.87.5%** and increased 
complications of air leak and persistent pulmonary hy- 
pertension. In our study, the mortality rate was 71%. 
Of the four survivors, three required prolonged ven- 
tilation and supplemental oxygen. l 

Several authors have reported pulmonary hypoplasia 
and skeletal deformities in association with ROM. Nim- 
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rod et al.* suggested that ROM at <26 weeks’ gestation 


appears to be a significant factor. Perlman et al.? indi- . 


cated that a latency period of 2 weeks is influential in 
the occurrence of pulmonary hypoplasia, whereas Thi- 
beault et al.‘ concluded that pulmonary hypoplasia can 
result from PROM associated with severe oligohydram- 
nios of as short as 6 days duration. All authors com- 
mented on the occurrence of oligohydramnios, but did 
not analyze the relationship between the degree of ol- 
igohydramnios and the development of lung hypopla- 
sia and skeletal deformities.® 

This study .goes beyond previous work in both the 
size of population investigated and the statistical 
method of analysis. The use of logistic regression al- 
lowed us to account for the simultaneous effects of the 
risk factors gestational age at rupture, number of days 
of rupture, and degree of oligohydramnios on pul- 
monary hypoplasia and skeletal deformities. It was 
shown that when accounting for the other two factors, 
only gestational age at ROM had a significant effect on 
the odds of the development of pulmonary hypoplasia. 
As a result, a simple equation was derived to estimate 
the likelihood of the development of pulmonary hy- 
poplasia on the basis of gestational age at ROM and is 
graphically displayed in Fig. 2. 

The effect of gestational age at rupture on fetal lung 
development is also supported by animal studies. The 
study by Moessinger et al.’? on guinea pigs showed that 
a short period of induced oligohydramnios interferes 
with lung development, and that the magnitude of this 
interference depends to a large extent on the time of 
onset and to a lesser extent on the duration of oligo- 
hydramnios. Irrespective of duration, the greatest ef- 
fects were observed during the canalicular stage of 
lung development. Therefore, in the human fetus, on- 
set of ROM before 28 weeks’ gestation while the fetal 
lungs are still in the canalicular phase’ may be critical 
in causing pulmonary hypoplasia. 

Various studies of induced oligohydramnios in ani- 
mal models’ * suggested a complex pathogenesis of 
fetal lung hypoplasia: (1) extrinsic compression of fetal 
lungs, intrathoracic or extrathoracic; (2) abnormal bal- 
ance of fluid volume and pressure within the trachea 
and potential air spaces; and (3) inhibition of fetal 
breathing movements. The lungs seem to differ from 
other fetal organs in the degree of their dependence 
on extrinsic factors for their development.” As docu- 
mented in our study, the incidence of intrauterine 
growth retardation (small for gestational age) was not 
increased in infants with pulmonary hypoplasia com- 
pared with those without (Table I). 

We looked at the severity of oligohydramnios as a 
one time ultrasonographic assessment within 1 week 
before delivery. With the use of serial ultrasonographic 
assessments, Kilbride et al.'® suggested that the dura- 
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tion of severe oligohydramnios of >2 weeks was asso- 


ciated with pulmonary hypoplasia. Therefore, we fur- 
ther reviewed the outcome of infants born after a pe- 
riod of moderate-severe oligohydramnios documented 
on serial ultrasonographic assessments. Again the in- 
cidence of pulmonary hypoplasia was not related to the 
duration of moderate-severe oligohydramnios. In the 
prediction of pulmonary hypoplasia, additional infor- 
mation may be gained by measuring thoracic circum- 
ference or thoracic circumference/abdominal circum- 
ference ratio on ultrasonography” and by monitoring 
fetal breathing.”* 

Postnatally, skeletal deformities strongly correlate 
with pulmonary hypoplasia (p < 0.0001). All cases of 
severe skeletal deformities were associated with pul- 
monary hypoplasia. However, pulmonary hypoplasia 
can also occur in isolation with little or no compression 
deformities. This implies that a more complex mech- 
anism is involved in the development of pulmonary 
hypoplasia. The mechanism in causing skeletal defor- 
mities is likely to be a result of intrauterine compres- 


-sion and immobility of the fetus, as suggested by 


significant positive coefficients of the degree of oligo- 
hydramnios and duration of ROM in the logistic regres- 
sion model (Table IH). 

Skeletal deformities alone were not associated with 
long-term morbidity. In all infants except one, they 
resolved within days after birth either spontaneously 
or with gentle stretching exercises. In the exception, 
the child is now 5 years old with persistent contractures. 
Her arthrogryposis is likely a result of a neurologic- 
genetic disorder rather than prolonged ROM. 

In summary, prenatal detection of the presence and 
severity of pulmonary hypoplasia is important in the 
prediction of the outcome of expectant management 
and thus provides clues to the optimal management of 
premature and prolonged ROM. In a large sample of 
infants born after premature and prolonged ROM, we 
were able to conclude that the best single prenatal pre- 
dictor of pulmonary hypoplasia is gestational age at 
rupture among liveborn infants with ROM of 27 days 
duration. For clinicians who face such complications of 
pregnancy, our simple equation and figure (Fig. 2) 
would allow the odds of pulmonary hypoplasia to be 
estimated on the basis of the gestational age at rupture. 
Postnatally, severe skeletal deformities correlate with 
pulmonary hypoplasia. 
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Smoking, maternal age, fetal growth, and gestational age 


at delivery 


Shi Wu Wen, MS, Robert L. Goldenberg; MD, Gary R. Cutter, PhD, 
Howard J. Hoffman, MA, Suzanne P. Cliver, BA, Richard O. Davis, MD, and 


Mary B. DuBard, MA? 
Birmingham, Alabama, and Poeyia, Maryland f 


The relationship between amaki and maternal age and their combined effects on birth weight, 
intrauterine growth retardation, and preterm delivery were studied. Smoking lowers birth weight both by 
decreasing fetal growth and by lowering gestational age at delivery. However, the effect of smoking on 
both fetal growth and gestational age is significantly greater as maternal age advances. In a multiple 
logistic regression mode! adjusting ‘for race, , parity, marital status, maternal weight, weight gain, and 
alcohol use, smoking was associated with a fivefold increased risk of growth retardation in women older 
than 35 but less than a twofold increased risk in women younger than 17. Smoking reduced birth weight 
by 134 gm in young women but 301 gm in women older than 35. Smoking in older women also was 
associated with more instances of pretérm delivery and a lower mean gestational age when compared to 


women 25 or younger. (Am J Osstet GYNECOL 1990;162:53-8.) 


Key words: Smoking, growth retardation, preterm delivery, low birth weight 


In developed countries, maternal smoking is a major 
risk factor for low birth weight (LBW)."-? Less well stud- 
ied is the effect of maternal smoking on the two 
components of LBW, intrauterine growth retardation 
(LUGR)* and preterm delivery." Since rarely, if ever, 
has the effect of smoking ¢ on these-two important ob- 
stetric outcome measures been studied in thé same pop- 
ulation, we initiated this study. However, in performing 
the preliminary analyses, it became apparent to us that 
the effect of smoking on LBW varied with maternal 
age. It is this relationship, the changing effect of smok- 
ing on the LBW rate and its components, the preterm 
delivery and IUGR rates, as maternal age advances that 
will be the subject of this report. 


: Material and methods 


Women seen for prenatal care and delivered at the 
University of Alabama at Birmingham or Cooper 
Green Hospital in Birmingham, Alabama, from Jan- 
uary 1983 through January 1988 were included in this 
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study. During this period of time there were approxi- 
mately 20,000 births in the two hospitals. Deliveries in 
women with no prenatal care and therefore no study 
data, those transferred to our institution for delivery 
only, and those with multiple births, fetal deaths, or 
congenital malformations were excluded from the 
study: In addition, because maternal diabetes has such 
a major iridependent effect on birth weight and because 
physicians tend toward early delivery of women with 
this condition, infants of women with both gestational 
and insulin-requiring diabetes ‘also were excluded. As 
a result, 17,149 pregnanicies were analyzed. Of these, 
1610 cases were coded as hypertension at delivery. Af- 
ter an initial analysis showing that the effect of smoking 
and maternal age on birth weight was similar when 
hypérténsive. smokers were compared with.nonhyper- 
tensive smokers and because of a tendency of physicians 
toward early delivery of women with hypertensive dis- 
ease, these women also were excluded so that there 
were 15,539 births in the final analysis. 

The prenatal data used in this study came from com- 
puterized medical records’ ahd were based primarily 
on history collected at the first prenatal visit. Smoking 
was defined as the use of cigarettes during the preg- 
nancy before the first visit. Alcohol use was also defined 
as use during pregnancy before the first visit. Maternal 
age was the age of the mother when she registered for 
prenatal care. Race was coded as white or nonwhite 
with virtually all nonwhites being black. Women were 
divided into those without a previous birth reaching 20 
weeks’ gestation (parity = 0) and those with at least one 
previous pregnancy of =20 weeks (parity =1). In the 
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Table I. Population studied 
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% with characteristic 


Characteristic 
Race 

Black . 70.2 

White i 29.8 
Marital status 

Married 37.9 

Single 62.1 
Parity 

0 43.4 

21 : 56.6 
Alcohol use 

No 86.6 

Yes 13.4 
Maternal age (yr) 

=16 7.5 

17-19 ` 234 

20-25 43.9 

26-30 17.2 

31-35 6.3 

=36 : 1.7 
TOTAL . 100 


Smokers % Nonsmokers (%) 


20.2 79.8 
53.7 46.3 
35.9 64.1 
26.5 73.5 
24.3 75.7 ` 
34.4 65.9 
25.5 l 74.5. 
60.1 39.9 
15.7 84.3 
21.6 78.4 
32.5 67.5 
39.4 60.6 
37.4 62.6 
34.5 65.5 
29.9- ma 





The percent of the study population with certain characteristics and, of the women with these characteristics, the percent who 


are smokers and nonsmokers. 


Table II. Percents and 95% confidence T of IUGR and preterm delivery in smokers and 


nonsmokers in various maternal age groups 






IUGR % 







Preterm delivery % 





Smokers 





Maternal age — 
=16 7.3 5.6-9.0 8.6 4.4-12.9 15.9 13.5-18.3 13.3 8.1-18.5 
17-19 5.5 4.6-6.4 7.9* 5.9-10.0 12.7 11.4-14.0 14.3 11.7-16.9 
20-25 . 5.0 4.4-5.7 10.2* 8.8-11.5 10.4 9.5-11.4 11.5 10.1-12.9 
26-30 4.7 3.6-5.8 11.1* 9.1-13.1 10.2 .  8.6-11.7 13.9* 11.7-16.0 
31-35 5:3 3.5-7.2 11.5* 8.0-14.9. 10.3 7.8-12.8 14.9* 11.0-18.7 
2:36 3.7 — 0.8-6.6 13.1* 5.9-20.3 8.4 4.2-12.7 10.6 4.1-17.1 








- *Significant differences (p < 0.05) between smokers and nonsmokers. 


multiple regression analyses, the maternal weight used 
, was that recorded at the first prenatal visit. Maternal 
weight gain per week after 20 weeks’ gestation was de- 
rived by subtracting the weight at the first visit after 20 
weeks’ gestation from the weight at the last prenatal 
visit and dividing by the elapsed time in weeks. 
Gestational age at delivery was calculated from the 
best estimate of the expected date of confinement in 
the prenatal record. The best-estimate expected date 
of confinement was generally derived at the first or 
second prenatal visit and was based on all data avail- 
able including last menstrual period, ultrasonography, 
physical examination, quickening, and auscultation of 
the fetal heart. A preterm delivery was defined as one 
that occurred before 37 completed weeks. IUGR was 
defined as a birth weight below the 10th percentile for 


each gestational age according to the standards of Brén- 
ner et al.® 

To isolate the effect of smoking from other poten- 
tially confounding factors, multiple logistic regression 
analyses were performed for IUGR and preterm de- 
livery rates, and multiple linear regression analyses 
were performed for mean birth weight and mean ges- 
tational age with the SAS (Statistical Analysis Systems) 
procedures LOGIST and GLM. Factors considered in 
the multiple logistic regression and multiple linear 
regression models included mother’s race, parity, mar- 
ital status, weight, weight gain, and alcohol use. Since, 
in the univariate analysis, maternal age showed an ob- 
vious effect on the relationship between maternal 
smoking and the various outcome measures, it was not 


believed appropriate to consider maternal age as a con- 
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Table III. Mean birth weights (and 95% confidence intervals) and mean gestational ages (and 95% 
confidence intervals) in smokers and nonsmokers in various maternal age groups : 









| Birth weight (gm) Géstational age (wk) 
















Smokers 


Nonsmokers _ Nonsmokers 


Smokers 










Maternal age 


(yr) 95% CI 





=16 3078 3041-3114 3069 2975-3164 38.6 38.4-38.8 38.7 38.3-39.2 
17-19 3161 3189-3183 3088* 3045-3131 38.9 38.8-39.0 38.9 38.7-39.1 
20-25 - 3244 3227-3261 3099* 3075-3124 39.1 39.0-39.2 39.1 39.0-39.2 
26-30 3314 3284-3344 3055* 3019-3092 _ 89.1, 39.0-39.2 38.8* 38.7-39.0 
31-35 3305 3254-3356 3024*° -2954-3095 . 39.0. 38.8-39.2 _ 38.6* 38.2-38.9 
=36 ` 3370 ' 3280-3460 3119* 2966-3271 ` 39.1; 38.8-39.4. . 38.2 37.8-39.2 





*Significant differences (p < 0.05) between smokers and nonsmokers. 


Table IV. Odds ratios (and 95% confidence intervals) for IUGR and preterm delivery for smokers 
compared with nonsmokers in various maternal age groups derived from a multiple logistic regression 









Maternal age 


analysis controlling for race, parity, marital status, weight, weight gain, and alcohol use 


IUGR” 





à Preterm delivery 








"> Odds ratio 95% CI 





s16 ; 1.56 0.72-3.41 moet 1.20 0.65-2.20 
17-19 a 2.03* 1.34-3.07 D E G 0.90-1.62 
20-25  - : 2.39* © 1.89-3.20 0> LH 0.91-1.34 
26-30 . 2.35* . -1.66-3.33 . pte 1.40* 1.06-1.84 
31-35 2.31% 1.34-3.99 x 1.55* 1.00-2.40 
=36 5.12* 0.65-6.26 


1.28-20.45 >: 00. 2.02 


*Significant differences (p < 0.05) between smokers and nonstiokers. 


founding factor in the multiple regression analyses. In- 
stead, models for separate maternal age groups were 


established and the relationship of maternal smoking __ 


and IUGR, preterm delivery, mean birth weight, and 
mean gestational age were examined for the six ma- 
ternal age groups, controlling for the six other potential 
confounding factors. Adjusted odds ratios ‘for IUGR 
and preterm delivery and the effect of smoking on 
mean birth weight in grams and on mean gestational 


age in weeks in the'different maternal age groups were _ 2 
then compared. Odds ratios and the 95% confidence ` 


intervals were calculated. Other statistical analyses were 


performed by the x? or Fisher’s exact test. Tests of trend. , `` 


were used when appropriate. Significance was defined 
‘as the probability of a Type I error =0.05. ` 


Results . 


Fig. 1, A, shows the mean: birth weight at various. - 


maternal ages for smokers ard nonsmokers. In non- 
smokers, as the maternal age increased, the mean birth 


weight increased as well. However, in smokers there. 
was no increase in the mean birth weight.as the ma~- ` 


ternal age increased. Because women with hyperten- 


sion tend to be delivered early and to have LUGR.more - 


often, and since we were concerned about a potential 


`` interactive effect of smoking and hypertension on birth 


weight, we questioned whether the increasing effect of 
smoking on birth weight as the maternal age advanced 


| would be apparent in the population of women without 


hypertension. Fig. 1, B, shows that the effect of ma- 


` ternal age on birth weight remains when women with 


hypertension were removed from the population. Be- 
cause we wanted to analyze 'the effect of smoking and 
maternal age on birth weight independent of the effects 
of hypertension, women with hypertension were ex- 


‘cluded from further analysis. 


.. Table I shows some of the demographic character- 
istics. of the nonhypertensive population divided into 


os smokers and nonsmokers. In this population consid- 
© erably more whites than blacks and more married 


women than single women smoked. Women who used 
alcohol were:also much more likely to have used to- 
bacco. In total, about 30% of the population smoked, 


with lower- rates of smoking among younger, nullipa- 
_ Tous women than in older, parous women. 


Table II shows the percent of IUGR and preterm 
delivery in smokers and nonsmokers in various mater- 


` rial age groups, as well as the 95% confidence limits. 


This analysis demonstrates that in smokers the percent 
of IUGR increases significantly (p< 0.05, x? test for 
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Table V. Mean birth weight and gestational age for all births and effect of smoking on birth weight (in 
grams) and on gestational age (in weeks) for each maternal age group, derived from multiple linear 
regression analyses and controlled for race, parity, marital status, weight, weight gain, and alcohol use 
Mean 


gestational age 
(all berths) 
























Mean birth weight 
(all births) 


Smoking 
effect (gm) 


Smoking 
effect (wk) 


Maternal age 
Or) 








=16 3078 -= 134* 38.7 — 0.49 
17-19 3146 — 170* 38.9 70.23 
20-25 3197 ~191* 39.1 —0.12 
26-30 3214 ~ 243* 39.0 — 0.22 
31-35 3201 —283* 38.8 —0.48* 
236 3293 —301* 38.9 — 0.94* 








*Significant differences (p < 0.05) between smokers and nonsmokers. 


trend) with maternal age, while in nonsmokers there 
are significantly fewer cases of IUGR as the maternal 
age increases. When smokers and nonsmokers in the 
same age groups were compared, there was not a sig- 
nificant increase in IUGR in women <17 years old who 
smoked, compared with those who did not, although 
this may be related to the smaller sample sizes in these 
young cohorts. However, in each group of women older 
than 16, smokers had significantly more cases of IUGR 
than nonsmokers. Women more than 35 years old who 
smoked had a threefold increase in IUGR, compared 
with women of the same age who did not smoke. There- 
fore the older the woman, the stronger the effect of 
smoking on the rate of IUGR. 

The effect of maternal smoking on the preterm de- 
livery rate was soméwhat less apparent but nonetheless 
was present. Tests of trend showed that nonsmokers 
had a significantly decreasing rate of preterm delivery 
as the maternal age increased, while the rate of preterm 
delivery in smokers was high at young ages and re- 
mained statistically unchanged as the maternal age ad- 
vanced. Between ages 26 and 35 smokers had signifi- 
cantly more cases of preterm delivery than nonsmokers 
and demonstrated higher preterm delivery rates in all 
but the youngest age group. 

The results of univariate analyses of the effects of 
maternal smoking on mean birth weight and mean ges- 
tational age in various maternal age groups are shown 
in Table III. The differences in mean birth weight be- 
tween smokers and nonsmokers were small in younger 
mothers. For example, in mothers less than 17 years 
old, the mean difference in birth weight was only 9 gm 
(not statistically significant). In contrast, the differences 
in birth weight between smokers and nonsmokers were 
quite large and significant in older mothers. For ex- 
ample, in mothers 36 and older the difference in mean 
birth weight was 251 gm. There was an obvious and 
statistically significant maternal age trend among non- 
smokers with an increasing mean birth weight aver- 
aging >100 gm per decade of life. The effect of ma- 


ternal smoking was to blunt this rise in mean birth 
weight. Thus the older the woman, the stronger the 
effect of smoking on reducing mean birth weight. 

The effect of maternal age and smoking on gesta- 
tional age again is more subtle but nevertheless present. 
Nonsmoking teenagers had a slightly reduced mean 
gestational age, compared with women 20 or older. The 
mean gestational age in smokers in the age groups up 
to 25 was virtually identical with that of nonsmokers. 
However, as women aged, the effect of smoking on 
mean gestational age became more pronounced, and 
significant differences in mean gestational age between 
smokers and nonsmokers were present in women from 
26 to 35 years old. 

Odds ratios for IUGR and preterm delivery detér- 
mined by the miultiple logistic regression technique 
within each age group are shown in Table IV. The 
effects of maternal smoking on IUGR were significant 
in all age groups older than 17 years even after con- 
trolling for six potential confounding factors, with 
higher odds ratios seen in older women than in younger 
women. When the effect of maternal smoking on the 
preterm delivery rate was examined in the logistic 
regression model, the odds ratios for preterm delivery 
increased for older maternal ages. When individual age 
groups were examined, the groups between 26 and 35 
years old showed a statistically significant adjusted odds 
ratio between smokers and nonsmokers. 

The impact of smoking on birth weight and gesta- 
tional age derived from multiple linear regression anal- 
yses (B-coefficients) are shown in Table V. In this model, 
even after controlling for the six potential confounding 
factors, smoking was associated with a significant re- 
duction in birth weight of 134 gm at ages <17 
years (p < 0.05), increasing to 301 gm for women 36 
years old or older. Therefore, again, the older the 
woman, the greater the effect of smoking. When the 
effects of smoking on mean gestational age were ex- 
amined in this model; there was also a relationship to 
maternal age. Women 31 to 35 years old had a decrease 


Volume 162 
. Number 1 


in gestational age of 0.48 weeks related to smoking, 
while women 36 years old and older had a mean de- 
crease in gestational age of 0.94 weeks. Consistent but 
smaller nonsignificant effects were noted at younger 
maternal ages. 


Comment 


Since smoking has such a major impact on birth 


weight, it is important to understand as much as pos- 


sible about this relationship. Therefore we believe it is 
important to differentiate the effects of smoking on 
fetal growth and on gestational age at delivery. We are 
aware of no other study in which the effects of smoking 
and maternal age on IUGR and preterm delivery were 
studied in the same, well-documented population. 

This study showed that in nonsmokers, birth weight 
increased as maternal age advanced. This study also 
showed that the effect of smoking on birth weight was 
due both to decreased fetal growth and to a shortening 
of the gestational age, with the effects of smoking on 
both measures: increasing as maternal age advanced. 
The increasing effect of smoking on birth weight and 
gestational age at older ages tended to prevent the age- 
related increase in birth weight. Therefore infants of 
smoking mothers had similar mean birth weights re- 
gardless of maternal age. 

We also found that the rate of IUGR in nonsmokers 
fell as the maternal age increased. However, in smokers, 
the rate of IUGR, instead of falling as the maternal age 
increased, consistently rose. Because the mean birth 
weight did not change significantly, this finding sug- 
gests that within the population of smokers, as the ma- 
ternal age increased, there was one segment that had 
an increase in the rate of growth retardation and an- 
other group that experienced the age-related increase 
in birth weight seen in nonsmokers. An explanation for 
this finding may lie in the variation in the duration of 
smoking, in the quantity or content of cigarettes 
smoked, or in cessation of smoking later in the preg- 
nancy (information not available in this data set). A 
prospective study to evaluate these characteristics in 
smoking mothers in relationship to maternal age is cur- 
rently underway. 

The logistic regression model in which maternal race, 
parity, marital status, weight, weight gain, and alcohol 
use were controlled shows that, in women who smoke, 
the odds ratio for having an infant with IUGR increased 
from 1.6 to 5.1 as the maternal age increased. Smoking 
produced a significant increase in the rate of IUGR in 
all women except those less than 17 years old. The 
linear regression model suggests that, at a maternal age 
less than 17 years, smoking reduced the mean birth 
weight by about 135 gm, while at age 36 and older 
smoking produced a net reduction in birth weight of 
>300 gm. All the various analyses are therefore con- 


Smoking, age, and low birth weight 57 


A. ALL PATIENTS 


MEAN BIRTH 
WEIGHT 3200 


— m m oe, 
~ me e -n pea 


` 
SO te ae ag 


B. HYPERTENSIVES EXCLUDED 


3300 
MEAN BIRTH 
WEIGHT 3200 


3100 


3000 


2906 





<=16 17-19 20-25 26-30 3135 >36 


AGE OF MOTHER 





Fig. 1. A, Mean birth weights for smokers (- - - - - ) and non- 
smokers (——) for the entire population. B, Mean birth 
weights for smokers (- - - - - ) and nonsmokers ( ) with hy- 


pertensive women excluded. 


sistent in that the effect of smoking on birth weight 
and on JUGR is greater as the maternal age advances 
and that the effect of smoking on these two outcome 
measurements in women less than 17 years old is mar- 
ginal. These results are in agreement with a stucy on 
IUGR published by Cnattingius et al.’ in a white pop- 
ulation in Sweden and a study on birth weight in a 
Puerto Rican population.® 

The effect of smoking and maternal age on preterm 
delivery and mean gestational age is somewhat less ob- 
vious but essentially works in the same direction. Ia the 
univariate analysis, in nonsmoking women less then 17 
years old, the rate of preterm delivery is nearly 16% 
but falls by half in women older than 35 years. In smok- 
ers, the preterm delivery rate remains high regardless 
of maternal age. In smoking women less than 25 vears 
old, the odds ratio for a preterm delivery, compared 
with that in nonsmokers, is about 1.2 and the difference 
is not significant. However, smoking women 26 to 30 
years old have an odds ratio for preterm delivery of 
1.4, which rises to 2.0 for those over 35 years old. With 
the results from the linear regression model, the effects 
of smoking on gestational age do not appear significant 
before age 30, but in the age group 31 to 35 years old 
there is a reduction in gestational age of 0.48 week 
caused by smoking, and in the age group 36 years old 
and older, smoking is associated with a decrease in the 
mean gestational age of nearly a whole week. The ef- 
fects of smoking on birth weight. and IUGR and on 
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gestational age and preterm delivery therefore appear 
to be consistent in that the effects become more pro- 
nounced as the maternal age advances. i i 

This study does not provide information as to the 
mechanism of the relationship between smoking and 
increasing age, IUGR, and preterm delivery. However, 
since the effect of smoking on birth weight appears in 
part to be mediated through vascular constriction and 
decreased uteroplacental blood fow,™? it may be that 
older smokers (who presumably have been smoking 
longer) are more likely either to have chronic vascular 
disease, to be more sensitive to the vasoconstrictive ef- 
fects of smoking, or to have more vasoconstrictive ef- 
fects related to higher dosing of cigarette constituents. 
The increased risk of vascular disease in nonpregnant 
women of similar ages exposed to cigarette smoke and 
pregnancy hormones (oral contraceptives) may have a 
similar explanation.” Regardless of the mechanism, 
this study confirms that older smokers are at signifi- 
cantly greater risk for both IUGR and preterm delivery. 
For this reason, older smokers are a particularly high- 
risk group to which extra attention, including increased 
efforts at cessation and monitoring, may be appro- 
priate. , 
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Screening of seven putative 45,X subjects with 
deoxyribonucleic acid probes to detect low-level mosaicism for 


Y cell lines 


Sandra P. T. Tho, MD," Ali Behzadian, PhD,” and Paul G. McDonough, MD* 


Augusta, Georgia 


The frequency of monosomy X in cytogenetically abnormal abortion material (10% to 15%) suggests that 
viable 45,X subjects might have covert mosaicism for X or Y ceil linés. The deoxyribonucleic acid samples 
from seven 45,X subjects with Turner syndrome were examined with three Y-specific deoxyribonucleic acid 
probes. Successive hybridizations with each of these three sensitive deoxyribonucleic acid probes did not 
reveal any Y-specific band. (AM J Osstet GYNECOL 1990;162:59-60.) 


Key words: 45,X; Y deoxyribonucleic probes; pS4; 4B2; Y97 


The high frequency of monosomy X in cytogeneti- 
cally abnormal abortus specimens (10% to 15%) and 
the comparative infrequency of this chromosomal 
anomaly in consecutive newborn surveys suggest that 
nonmosaic 45,X constitution may be lethal to human 
embryos. This hypothesis implies that viable 45,X sub- 
jects must be mosaic for an undetected 46,XX or 46,XY 
cell line. Since individuals with gonadal dysgenesis 
and Y-chromosomal deoxyribonucleic acid (DNA) are 
known to be at risk for dysgenetic gonadal tumor, the 
clinician is always confronted with the dilemma of an 
unrecognized Y cell line. 


Material and methods 


Seven female subjects with Turner phenotypes, en- 
docrine evidence of ovarian failure, and 45,X chro- 
mosomal constitution were enrolled in the study. The 
diagnosis of monosomy X was established on repeated 
chromosomal analyses of peripheral blood. For each 
cytogenetic study at least 50 cells were counted and five 
cells were karyotyped. 

Three Y-specific DNA probes were used: (1) the 
repetitive-copy probe pS4 (DYZ2) mapped to Yq12, (2) 
the single-copy probe 4B-2 (DYS15) mapped to Yq11, 
and (3) the alphoid repeat probe Y97 (DYZ3) mapped 
to the Y centromere. DNA samples from contro] male 
and female subjects were digested with Mbo I, blotted 
and hybridized to the phosphorus 32—labeled pS4 
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probe. DNA samples from the same control male and 
female subjects were digested with EcoRI, blotted, and 
hybridized to the probes 4B-2 and Y97, respectively. 
Dilutional gels consisting of varying mixtures of normal 
male and female DNA were prepared, restricted, and 
hybridized to each of these three probes.’ ? Genomic 
DNA from all seven 45,X study subjects was hybridized 
to the same series of Y DNA probes. 


Results and comment 


1. DNA samples from control male and female sub- 
jects yielded the male-specific 2.3 kb hybridization band 
with the pS4 probe, the male specific 3.3 kb band with 
the 4B-2 probe, and the male-specific 5.5 kb band with 
the Y97 probe (Fig. 1, A, B, and C). 

2. The dilution studies to evaluate the sensitivity of 
the Y DNA detection technique indicated that: (a) the 
probes pS4 (Yq12) may detect 0.005 pg of male DNA 
in a mixture with 0.995 wg of female DNA (0.5%) (Fig. 
1, A), (b) the probe 4B-2 (Yq11) may detect 0.025 pg 
of male DNA in a mixture with 4.975 wg of female 
DNA (0.5%) (Fig. 1, B), and (c) the probe Y97 (Y Cen) 
may detect 0.50 wg of male DNA in a mixture with 
4.950 wg of female DNA (1%) (Fig. 1, C). 

3. DNA samples from all seven study subjects failed 
to reveal the male-specific 2.3 kb band with the pS4 
(Yq12) probe, the male-specific 3.3 kb band with the 
4B-2 (Yq11) probe, or the male-specific 5.5 kb band 
with the Y97 (Y Cen) probe (Fig. 1, A, B, and C). 

This preliminary molecular analysis of seven subjects 
with 45,X gonadal dysgenesis with the use of three Y- 
specific DNA probes was unable to detect a mosaic Y 
cell line at a level of 1% in peripheral blood. 

Recently Hassold et al.* examined 27 abortuses with 


“monosomy X, in which the single X was of maternal 


origin, and five nonmosaic 45,X live-born infants in a 
search for surreptitious Y cell lines. This study iden- 
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Fig. 1. A, Dilutional gel indicates a 2.3 kb male-specific Mbo I, pS4 hybridization band at 0.5% ratio 
male/female DNA (lane c). This male-specific band is not seen in any of the study subjects (lanes 1 
to 7). CM, Control male; CF, control female. B, Dilutional gel indicates a 3.3 kb male-specific Eco 
RI, 4B-2 hybridization band at 0.5% ratio male/female DNA (lane d). This male-specific band is not 
seen in any of the study subjects (lanes J to 7). CM, Control male; CF, control female. C, Dilutional 
gel indicates a 5.5 kb male-specific Eco RI, Y97 hybridization band at 1% ratio male/female DNA 
(lane c). This male-specific band is not seen in any of the study subjects (lanes J to 7). CM, Control 


male; CF, control female. 


tified one 45,X abortus with Y sequences. None of the 
five 45,X% female infants was found to harbor Y cell 
lines. 

This preliminary study suggests that a more sensitive 
‘technique is required to screen for covert Y cell lines. 
The recently developed polymerase chain reaction 
technique,’ amplifying low copy number, putative Y 
sequences appears to be the definitive strategy to detect 
unsuspected Y DNA in subjects at risk for dysgenetic 
tumors. 


We acknowledge Dr. Kirby Smith and Dr. David Hoar 
for providing the pS4 and 4B-2 DNA probes and Dr. 
Robert Erickson for providing the Y97 probe. 


REFERENCES 


1. McDonough PG, Tho SPT, Trill JJ, Byrd JR, Reindollar 
RH, Tischfield JA. Use of two different deoxyribonucleic 
acid probes to detect Y chromosome deoxyribonucleic acid 
in subjects with normal and altered Y chromosomes. AM J 
OBSTET GYNECOL 1986; 154:737-48. 

2. Tho SPT, Behzadian A, Byrd JR, McDonough PG. Use of 
human a-satellite deoxyribonucleic acid to detect Y-specific 
centromeric sequences. AM J OBSTET GYNECOL 1988; 159: 
1553-7. 

3. Hassold T, Benham F, Leppert M. Cytogenetic and mo- 
lecular analysis of sex-chromosome monosomy. Am J Hum 
Genet 1988;42:534-41. 

4. Saiki RK, Gelfand DH, Stoffel S, et al. Primer-directed 
enzymatic amplification of DNA with a thermostable DNA 
polymerase. Science 1988;239:487. 


The effects of RU-38486 on cervical ripening 


Clinical studies 


Yves Lefebvre, MD," Louise Proulx, PhD, Robert Elie, MD, Omer Poulin, MD, and 


Eugenia Lanza, RN 
Montreal, Quebec, Canada 


One hundred eighty pregnant patients, 17 to 39 years old (mean + SEM: 25.1 + 0.39), with an 
amenorrhea of 7 to 12 weeks (mean + SEM: 9.4 + 0.10), and requesting a therapeutic abortion, were 
selected according to general good health and gave their informed consent to the study. Mifepristone 
(RU-486; Roussel UCLAF, Paris, France) an antiprogestin steroid, was administered at random in doses of 
0, 50, 100, 200, 400, or 600 mg. Clinical evaluations and measurements of cervical dilatation were done 
before the study and repeated at 24 hours after administration of Mifepristone and at 48 hours, at which 
time the aspiration was performed. Significant increases in cervical dilatation were observed at 48 hours 
with all doses of Mifepristone above 50 mg. The increases were significantly greater in patients with a 
gestational age >10 weeks than in those of <10 weeks’ gestational age. Parity had no influence on 
cervical dilatation at 48 hours. Bleeding was observed significantly more often with 100 to 600 mg doses 
of Mifepristone than with 0 to 50 mg. No influence of gestational age or parity on bleeding could be 
detected. Abdominal cramps were reported more frequently with 200, 400, and 600 mg of Mifepristone at 
48 hours and their occurrence appeared to parallel cervical dilatation. (AM J OasteT GYNECOL 1990;162: 


61-5.) 


Key words: Abortion, cervical ripening, antiprogestin steroid 


Progesterone is essential for implantation of the em- 
bryo in the uterus and for the maintenance of gestation. 
Thus, in early pregnancy, any compound that inhibits 
the synthesis of progesterone or prevents its biologic 
action interferes with the evolution of gestation. 

Mifepristone [17®-hydroxy-118-(4-dimethylamino- 
phenyl-1)-17a0(1-propynyl)estra 4.9-dien-3-one] is a de- 
rivative of norethindrone, which has an antiprogestin 
effect through strong binding to the progesterone re- 
ceptor. It has been used mainly as a fertility control 
agent in early pregnancy interruption"® and late luteal 
interception.’ In early pregnancies (<8 weeks) Mife- 
pristone (600 mg) has been shown to cause complete 
expulsion of fetus and placenta in 60% of patients when 
administered alone and in 95% to 100%* of patients 
when combined with prostaglandins. This expulsion is 
usually completed within 1 week. Even in cases of fail- 
ure (ongoing pregnancy, incomplete expulsion of fetus 
and/or placenta), a ripening and dilatation of the cervix 
has been observed.’ 
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Since all uterine aspirations require prior dilatation 
of the cervix with rigid or soft dilators, complications 
such as uterine perforation, cervical laceration, or rup- 
ture occur with a frequency of approximately 1%. Pre- 
vious studies have shown that the use of laminaria 
tents®7 and oral or vaginal prostaglandins®*!? decreases 
observed complications in first-trimester abortions by 
curettage and aspiration. In addition, recent data 
on administration of 100 mg of Mifepristone have 
demonstrated significant changes in the stiffness of 
the cervix.” 

The main purpose of our study was to determine the 
optimum dose of Mifepristone and the administration 
schedule required to achieve maximal cervical dilata- 
tion and ripening before surgical interruption of preg- 


‘nancy at 7 to 12 weeks. Our secondary goal was to 


evaluate the.side effects of Mifepristone under the con- 
ditions of our experiment. 


Patients and methods 


Our prospective randomized study was carried out 
at the family planning clinic of Notre-Dame Hospital. 
One hundred eighty patients with a gestational age of 
<12 weeks, as confirmed by a clinical and/or an ultra- 
sonographic examination, were included in our study. 
These patients had requested elective abortion and had 
been accepted by the elective abortion committee of the 
Notre-Dame Hospital. The patients were in good 
health and gave their informed consent to our study. 
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Fig. 1. Mean values for 24 and 48 hours adjusted for baseline variations. Significant differences in 
adjusted mean values from placebo are shown by probability levels at either p < 0.05 or p < 0.01. 


Exclusion criteria included signs and symptoms of 
threatened abortion, cervical incompetency, or spon- 
taneous dilatation and pelvic or cervical infections. 

These 180 patients were divided randomly into six 
study groups of 30 patients each. One group re- 
ceived a placebo, while the other five groups were given 
50, 100, 200, 400, and 600 mg of Mifepristone, re- 
spectively. Patients were given the pills and instructed 
to swallow them in front of our nursing staff. The 
study groups consisted of a total of 98 primiparous 
and 82 multiparous women; 93 patients had a gesta- 
tional age of 8 to 9.9 weeks, and 87 had a gestational 
age of 10 to 11.9 weeks. The mean gestational age 
was 9.4 + 0.10, and the mean maternal age was 
25.1 + 0.39, with a range of 17 to 39 years. Table I 
summarizes patient characteristics for each of the study 
groups. 

The degree of cervical dilatation was measured by 
the size of the largest Hanks probe that could be in- 
serted through the internal cervical os without resis- 
tance at 0, 24, and 48 hours. At 48 hours surgical in- 
terruption of pregnancy was performed with the aid 
of local anesthesia, by dilatation and suction curettage 
in the outpatient clinic. Medical histories were taken 
and physical examinations given to all patients at time 
0, and all side effects of medication, such as fatigue, 
nausea, vomiting, and headaches, were recorded at 0, 
24, and 48 hours. Patients were also asked to report 
spotting, bleeding, and abdominal cramps and to notice 
the time of appearance if these symptoms occurred. 

An analysis of variance for parallel groups was used 
to assess the differences between the six groups with 
regard to patient age and duration of amenorrhea. 

The different mean dilatations of the cervix at time 
0 were adjusted to the placebo group to facilitate fur- 
ther statistical analyses of cervical dilatation between 


groups. A dosage by time (6 x 3) analysis of variance 
with linear and quadratic trend comparisons was done 
to test for cervical dilatation increases across time. 
Changes in cervical dilatation from time 0 for each of 
the six groups were assessed by means of the Dunnett 
t distribution. 

Analyses of variance for dosage by gestational age 
(6 x 2) and dosage by parity (6 x 2) were done at base- 
line to test for possible differences among the 12 
subgroups of patients, and analysis of covariance, based 
on these data, were performed at 24 and 48 hours. 
Since the number of patients per subgroup was not 
equal, these factorial analyses were done by multiple 
regression after Gram-Smith orthogonalization of the 
comparisons. 

The incidence of side effects was calculated for each 
of the six treatment groups at baseline, at 24 hours, 
and at 48 hours. Differences in frequency of adverse 
effects among groups at any given time were assessed 
by contrasting the placebo group to each of the five 
Mifepristone groups by means of Fisher’s exact prob- 
ability test. Emergence and disappearance of side ef- 
fects during the study were contrasted with the bino- 
mial probability test to assess the relevance of drug- 
related adverse effects. For all the analyses performed, 
the critical level of significance was set at 5%. 


Results 


No significant differences with respect to age or to 
weeks of amenorrhea were observed among patients in 
the six treatment groups (Table I). No heterogeneity 
of distribution was found in either the number of nul- 
liparous and multiparous patients or the number of 
patients with a gestational age of <10 weeks or >10 
weeks. 

Our analysis revealed a linear relationship be- 
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Fig. 2. Probability of bleeding is calculated by Fisher’s exact probability by comparing the effect of 
each dose of Mifepristone with the placebo effect in patients at <10 weeks of gestation and those 
at >10 weeks. 


Table I. Patient characteristics 










Weeks of 
amenorrhea 


Dosage of 
Mifepristone 










Age (y7) 






(mg) (mean + SEM) Gestation* Parity? (mean + SEM) 
Placebo 25.1 + 0.8 16/14 14/16 9.3 + 0.3 
50 26.5 + 1.2 15/15 19/11 9.2 + 0.2 
100 23.5 + 0.9 14/16 17/13 9.6 + 0.3 
200 24.9 + 0.8 17/13 13/17 9.5 + 0.2 
400 25.6 + 0.9 17/13 19/11 9.4 + 0.2 
600 25.1 + 1.0 13/17 16/14 9.4 + 0.2 





*Number of patients with <10 weeks of gestation and number of patients with a longer gestational age. 
Number of nulliparous patients and number of multiparous patients. 


Table II. Mean dilatation of cervix at 0, 24, and 48 hours after Mifepristone use 


Dosage of Time 0 24 hr 48 hr 
Mifepristone (mean + SEM) (mean + SEM) (mean + SEM) 
(mg) (mm) (mm) (mm) 











Placebo 4.25 + 0.22 5.00 + 0.24* 5.53 + 0.33* 
50 3.96 + 0.23 4.74 + 0.33 6.21 + 0.43* 
100 4.28 + 0.26 5.65 + 0.31* 7.18 + 0.37* 
200 4.35 = 0.25 5.45 + 0.32* 6.88 + 0.43* 
400 4.47 + 0.29 5.88 + 0.31* 8.00 + 0.42* 
600 4.60 + 0.35 5.80 + 0.38* 7.52 + 0.46% 








*p < 0.01 at Dunnett’s ¢ distribution when mean cervical dilatations at 24 and 48 hours are compared with those at baseline 
(time 0). 


tween time and dilatation of the cervix (F = 11.95, 
df = 1.172) that was independant of Mifepristone dos- 
age, since no interaction was observed with the treat- 


pristone differed significantly from placebo by increas- 
_ ing the cervical dilatation at 48 hours (Fig. 1). 
The analysis of dosage by gestational age showed a 


ment groups. As presented in Table II, the dilatation 
increased significantly at the Dunnett ¢ distribution 
from time 0 on. A significant difference was noted 
among the treatment groups receiving the highest 
doses of the drug. With the covariance analysis, using 
baseline observations as regressors, all doses of Mife- 


greater cervical dilatation among patients with a ges- 
tational age >10 weeks than in those with a gestational 
age of <10 weeks (4.43 + 0.16 vs. 4.27 + 0.16 at base- 
line and 7.72 + 0.49 vs. 7.49 + 0.99 at 48 hours). This 
increase was significant in the group with >10 weeks’ 
gestational age (p < 0.01) and in the group with <10 
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Fig. 3. Percentage values at baseline, 24 hours, and 48 hours indicate the number of patients with 
abdominal cramps at entry. The probability level for significant difference is calculated in comparison 
to either the placebo with Fisher’s probability test or the baseline with the binomial test. These 


analyses indicate significant differences at 200, 400, and 600 mg of Mifepristone. 


weeks (# < 0.05). In addition, the multiparous patients 
showed a greater dilatation at baseline than the nullip- 
arous patients (4.72 + 0.18 vs. 3.97 + 0.12); this dif- 
ference disappeared 24 and 48 hours after treatment 
with Mifepristone. 

Bleeding (Fig. 2) occurred infrequently in the pla- 
cebo group but increased proportionately with increas- 
ing doses of Mifepristone, becoming highly significant 
at the three highest doses (200, 400, and 600 mg). Most 
of the bleeding events were observed after 36 hours, 
and no patient required hospitalization because of 
heavy or uncontrolled bleeding. This bleeding oc- 
curred before the time of surgical interruption. The 
incidence of abdominal cramps (Fig. 3) was significantly 
increased at 24 and 48 hours after administration 
of Mifepristone 100 (p < 0.05), 200 (p < 0.01), 400 
(p < 0.01) and 600 mg (p < 0.01). 


Comment 

Major complications can occur at the time of cervical 
dilatation for elective abortion. Studies.on dilatation of 
the cervix have shown that laminaria tents, natural 
prostaglandins (prostaglandin F,a and PGE) and syn- 


thetic prostaglandins (15 methyl-PGF,a) can prepare | 


the cervix effectively. However, practical difficulties 
and side effects caused by prostaglandins have pre- 
vented them from being used routinely. In addition, 
prostaglandins are contraindicated for patients with 
asthma, cardiovascular disease, diabetes mellitus, hy- 
pertension, jaundice, peptic ulcer, renal disease, epi- 


leptic disorders, active pelvic inflammatory disease, pla- 
centa previa, and uterine scarring. 

Care must be taken to avoid creating a false cervical 
passage with laminaria tents. In addition, laminaria can 
become impacted, provide inadequate dilatation, or 
cause rupture of membranes, with increased risk of 
endometritis and amnionitis. Consequently, it was 
thought that the administration of an antiprogestative 
agent such as Mifepristone might be advantageous, 
since there is as yet no contraindication to its use. 

Our six experimental groups were comparable for 
age, parity, and gestational age. However, a slight dif- 
ference in the cervical dilatation between groups at time 
0 required a correction of dilatation data at 24 and 48 
hours to facilitate analysis. Although we could observe 
an increase in cervical dilatations at 24 hours when 
adjusted numbers were taken into consideration, only 
dilatations at 48 hours were significantly increased by 
Mifepristone in doses of 400 and 600 mg. 

Similar observations have been reported previously 
from uncontrolled studies with the 600 mg doses 
only.®™ In addition, cervical dilatations were observed 
during preliminary studies of four cases at 10 to 12 
weeks’ gestation when 300° mg of Mifepristone was 
given in six divided doses of 50 mg and absorbed 48 
hours before hospitalization.“ Complete abortion with 
spontaneous expulsion was reported in gestations of 
<8 weeks with 600 mg Mifepristone alone or combined 
with prostaglandins.’ In our study cervical dilatation 
was achieved 48 hours after a 400 to 600 mg dose of 
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Mifepristone. Bygdeman and Swahn” have shown a 


dose-response relationship between Mifepristone and | 


uterine myocontractility. Gilmer’® has observed a delay 


of 24 to 36 hours in uterine response to Mifepristone. ~ 


Finally, Baulieu et al.” have determined that the op- 
timum dose of Mifepristone for pregnancy interrup- 
tion before 7 weeks of gestation is 600 mg, although 
they did not correlate the dose to cervical dilatation, as 
we did in our study. ; 

In summary, our study demonstrates that there is a 
positive influence of Mifepristone on the ripening and 
dilatation of the uterine cervix. This effect is enhanced 
in patients after the tenth week of gestation, while par- 
ity does not appear to play a role. 


The manuscript was revised by Drs. Cynthia Goodyer 


and Charlotte Branchaud. 
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Placental production of estradiol and progesterone after oocyte 


donation in patients with primary ovarian failure 
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Linda Van Waesberghe, BSc, Arjoko Wisanto, MD, Ingrid Wijbo, MD, and 


André C. Van Steirteghem, MD, PhD 
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After oocyte donation 18 pregnancies were established in 17 patients with the absence of ovaries. Eight 
patients were delivered of nine healthy infants including one set of twins, six pregnancies were progressing 
normally, and four pregnancies were aborted. Four pregnancies were established after transfer of 
frozen-thawed embryos. In the simulated luteal phases, replaced with estradiol valerate and progesterone, 
pregnancies could be established and maintained as indicated by the profile of serum human chorionic 
gonadotropin concentrations. Weekly determinations of serum 178-estradiol levels indicated significantly 
higher values at 7 weeks’ gestation, as compared with week 5. This observation precludes that the 
luteoplacental shift occurred before 7 weeks’ gestation. The weekly serum determinations of progesterone 
were significantly higher week 9, as compared with week 5. Two pregnancies were achieved after the 
vaginal administration of micronized progesterone (Am J OpsteT GynecoL 1990;162:66-70.} 


Key words: Oocyte donation, absence of ovaries, pregnancy 


In 1984 the first pregnancy and delivery was re- 
ported in a patient with the absence of ovaries after 
steroid replacement therapy and oocyte donation.’ In 
1987 we reported the first pregnancy and delivery after 
the transfer of a frozen-thawed donated embryo.’ In 
this study the outcomes of 18 pregnancies after oocyte 
donation are presented. Replacement therapy with es- 
tradiol valerate and progesterone in 17 agonadal 
women and the occurrence of the luteoplacental shift 
after a fixed steroid replacement regimen are pre- 
sented. 


Material and methods 


From March 1, 1986, until March 1, 1988, 17 patients 
with the absence of ovaries became pregnant with ste- 
roid hormone replacement therapy (estradiol valerate 
and progesterone) and the transfer of embryos after 
oocyte donation. 

Donated oocytes were inseminated with semen of the 
recipient’s husband and cultured in vitro for 48 hours. 
If the cycle of donor and recipient were synchronous, 
a maximum of three four-celled embryos were re- 
placed. If the cycles were asynchronous the zygotes or 
cleaving embryos were cryopreserved and replaced at 
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the appropriate time after thawing. The mean age of 
the patients was 32 years (range, 23 to 39). Nine patients 
had ovarian dysgenesis (three of them had Turner 
syndrome), four had premature menopause, and four 
underwent surgical castration. All patients had ele- 
vated serum luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH) values in the menopausal 
range (mean + SD for FSH, 78 U/L + 23; for LH, 53 
U/L + 20). Estradiol valerate (Progynova, Schering, 
West Germany) was given throughout the artificial cy- 
cle: 1 mg from days 1 to 5, 2 mg from days 6 to 9, 6 
mg from days 10 to 13, 2 mg from days 14 to 17, and 
4 mg from days 18 to 26 to obtain similar serum values 
as in the natural cycle. 

When serum human chorionic gonadotropin (hCG) 
concentration became positive, the dosage of estradiol 
valerate was increased from 4 mg to 10 mg. With this 
dose serum concentrations similar to those in natural 
conceptional cycles were obtained. In 15 patients 50 mg 
progesterone in oil (Federa SV and Sterop SV, Brussels, 


. Belgium) was injected intramuscularly at day 14 at 


8 PM and from day 15 onward at 8 aM and 8 pm. When 
a pregnancy was detected, progesterone administration 
was increased from 50 mg two times to 50 mg three 
times daily. In two patients tablets of micronized pro- 


` gesterone (Utrogestan, Piette, Brussels, Belgium) were 


administered vaginally: 100 mg at 8 pm on day 14 and 
100 mg at 8 am, 6 PM, and 12 midnight from day 15 
onward. When a pregnancy was detected the dosage 
was increased to 300 mg five times daily. 

Estradiol, hCG and progesterone were determined 
weekly until 24 weeks’ gestation. The mean values of 
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Table I. Outcome of 18 pregnancies in 17 
recipients after oocyte donation 






No. of replacements 


Frozen-thawed 


embryos 
Deliveries 4 4 
Infants 5 4 
Ongoing pregnancies 6 — 
Miscarriages 4 — 


Table II. Mean concentration of 17B-estradiol 
(nanograms per liter) + SD in singleton 
pregnancies (n = 13) and one twin pregnancy 










Singleton 
pregnancies 








Weeks’ gestation Twin pregnancy 
12 3,184 1,209 6,025 
13 4,109 1,573 6,140 
14 4,231 1,637 11,340 
15 5,672 2,346 9,365 
16 5,928 2,974 13,110 
17 7,190 2,896 11,665 
18 7,743 3,105 — 
19 7,794 2,542 12,535 
20 9,693 3,764 — 
21 9,875 2,650 14,125 
22 10,346 3,449 19,200 
23 11,248 4,479 17,325 
24 11,750 3,285 15,506 





estradiol and progesterone from gestational weeks 6 to 
24 were compared with the mean serum concentrations 
at week 5. f 

Radioimmunoassay (RIA) determinations were per- 
formed by commercially available procedures: FSH by 
Pharmacia FSH, RIA 100 (Pharmacia, Sweden); LH by 
Amerlex LH RIA kit (Amersham, United Kingdom); 
estradiol by '*I Estradiol Direct Radioimmunoassay 
kit extended range (Radio Isotopen Service, EIR, 
Switzerland); progesterone by ['*I]progesterone co- 
atria (bioMérieux, France); and hCG, Tandem-R-hCG 
(Immunoradiometric Hybritech, Europe S.A., Liège, 
Belgium). 

The embryos were replaced fresh or frozen-thawed 
as previously described.” * 

The ovum donation program was approved by the 
Ethical Committee of the Hospital. After careful coun- 
seling written consent was obtained from donors and 
recipients.® ° 

Statistical analysis was done on an Apple MacIntosh 
personal computer with the software package Stat- 
works. Mean and SD were computed with conventional 
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Fig. 1. Mean serum hCG concentrations (0) from 13 singleton 
pregnancies obtained after oocyte donation in patients with 
absence of ovaries. Appropriate reference curve (percentiles 
10, 50, and 90) was established in 63 normal singleton preg- 
nancies. 


methods. When appropriate the results were compared 
with the use of the Student ¢ test. 


Results 


A total of 18 pregnancies were established in 17 re- 
cipients after oocyte donation. Sixteen pregnancies 
were achieved with natural progesterone in oil and two 
with micronized progesterone vaginally administered 
as replacement therapy. Eight patients were delivered 
of nine healthy infants, including one set of twins. Six 
singleton pregnancies were progressing normally and 
four patients had early abortions. Fourteen pregnancies 
were attained after 67 replacements of 83 fresh em- 
bryos (20%). Four pregnancies were established after 
23 transfers of 34 frozen-thawed embryos (17%) and 
four healthy infants were born (Table I). Five of the 
nine infants were female and four were male. All pa- 
tients were delivered of infants by cesarean section. 

Except for the twin pregnancy (delivered at 33 weeks’ 
gestation) all patients were delivered of infants at term. 

The evolution of serum hCG from 4 to 12 weeks’ 
gestation in 13 singleton pregnancies obtained after 
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weeks of pregnancy 


Fig. 2. Mean value of serum 17f-estradiol from 4 to 11 weeks’ gestation in 13 singleton ongoing 
pregnancies (curve B). Compared with week 5, mean values are not statistically different at 6 weeks’ 
gestation (p < 0.08). At 7 weeks’ gestation the values are significantly different (p < 0.004). Curve 
C showed mean values of four patients with clinical abortion between weeks 12 and 14. In curve A 
serum values of estradiol of one twin pregnancy are depicted. 


oocyte donation in patients with the absence of ovaries 
indicated a similar pattern as that in patients with func- 
tional ovaries (Fig. 1). The mean serum hCG in this 
group corresponded with the 50th percentile of an ap- 
propriate reference population. | 

The pattern of serum 17§-estradiol is shown in Fig. 
2. The same dosage of 10 mg estradiol valerate was 
given from 4 weeks’ gestation onward. Compared with 
week 5 the rise of serum estradiol levels at 6 weeks’ 
gestation was not statistically different (p < 0.08), 
but became highly statistically different at week 7 
(p < 0.004). The serum concentration of 17B-estradiol 
in one twin pregnancy and in four miscarriages also is 
depicted. 

The pattern of progesterone is shown in Fig. 3. The 
same dosage of an intramuscular injection of 50 mg 
progesterone in oil was given three times daily from 4 
weeks’ gestation onward (Fig. 3, curve A). Compared 
with week 5 of pregnancy, the rise of progesterone 
became statistically different from week 9 (p < 0.02). 
In two patients micronized progesterone was vaginally 
administered instead of progesterone intramuscularly 
injected in oil (Fig. 3, curve B). 


Comment 


These results show that fresh and frozen-thawed em- 
bryos can implant in recipients with the absence of ova- 
ries after steroid replacement therapy. Five healthy in- 
fants were born after the transfer of fresh embryos and 
four were born after the transfer of frozen and later 


thawed embryos. The successful transfer of cryopre- 
served embryos in a donation program circumvented 
the major difficulty of synchronization between the do- 
nor and recipient cycles when fresh embryos were used. 

It was important to find out the number of weeks 
necessary to continue the replacement therapy with es- 
tradiol valerate and progesterone to maintain the preg- 
nancy. Our data indicated that the placenta started to 
produce estradiol between 6 and 7 weeks’ gestation 
(Fig. 2). However, it seems impossible to determine the 
entire luteoplacental shift. Furthermore, the term lu- 
teoplacental shift is inappropriate in the absence of a 
corpus luteum in agonadal patients. A plateau was 
reached at 20 weeks’ gestation (Table. I1). The serum 
concentrations of estradiol in the twin pregnancy in- 
dicated that the shift had occurred at 5 weeks’ gestation. 
Our data indicated that the administration of estradiol 
valerate could be decreased from week 7 because the 
serum concentration of estradiol increased significantly 
and the pregnancy continued uneventfully. 

The weekly measurement of serum progesterone 
showed a significant increase over the baseline values 
(week 5) at 9 weeks’ gestation. The latter was probably 
because a high amount of exogenous progesterone (150 
mg) was injected daily. As shown in Fig. 3, the serum 
values were constant from week 20 onward. However, 
those observations did not enable us to find out when 
exogenous administration of estrogen and progester- 
one could be continued. Inasmuch as the serum values 
reached a plateau from week 20 onward, the decision 
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Fig. 3. Mean values + 


SD of serum progesterone (micrograms per liter) concentration showed a 


significant rise at 9 weeks’ gestation (p < 0.02), as compared with week 5 after 150 mg progesterone 


was administered intramuscularly daily (curve A). Mean value (n = 


2 patients) of serum progesterone 


after vaginal administration of micronized progesterone (1500 mg/daily) from week 4 onward is 


also indicated (curve B). 


` was arbitrarily made to discontinue the drug therapy 
at this gestational age. 

Our data are in agreement with the observations of 
Csapo et al.”!° These authors described the occurrence 
of the luteoplacental shift at 7 weeks’ gestation. They 
defined the luteoplacental shift as progesterone syn- 
thesis during pregnancy. From our data we proposed 
to change this definition to progesterone and estradiol 
synthesis during pregnancy. 

When we tried to decrease the dosage of progester- 
one before 20 weeks’ gestation vaginal bleeding was 
observed. Especially for estradiol valerate early inter- 
ruption of the administration’ may be important to 
avoid possible teratogenic effects, although the latter 
remains unanswered.'' '* On the contrary, it is widely 
accepted that no deleterious effect on the fetal out- 
come exists when RICE SNORE: is administered during 
pregnancy.’* " 

The establishment and maintenance of two preg- 
nancies with vaginally administered progesterone 
avoids the two to three daily intramuscular injections 
of progesterone in oil for several weeks. A recent study 
of our group showed that vaginally administered pro- 
gesterone and intramuscularly administered proges- 
terone are equivalent. Inasmuch as the former admin- 
istration route is easier for the patients, we now use the 
vaginally administered route for progesterone in our 
patients.’ 

In conclusion, normal pregnancies and deliveries of 


healthy infants were obtained after transfer of fresh 
and frozen-thawed embryos ‘and after mimicking the 
corpus luteum function with estradiol valerate and pro- 
gesterone in patients with the absence of ovaries. The 
establishment of pregnancies after transfer of frozen- 
thawed embryos highlighted the role of cryopreser- 
vation in a donation program to circumvent the asyn- 
chrony between donor and recipient cycles. The oc- 
currence of the so-called “luteoplacental shift” was 
found at 7 weeks’ gestation and even earlier in the twin 


pregnancy: 


We thank the nursing staff, M. Callewaert, and V. 
De Wolf for assistance with this study, 
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Mucoadhesive delivery provides 
ongoing moisturization 

Until now, the millions of women with vaginal 
dryness could ease their discomfort only 
temporarily. But today, new REPLENS ends 
dryness by replenishing vaginal moisture. 
REPLENS is delivered through mucoadhesion, 
a system that holds moisture in place. The 
primary ingredient, polycarbophil, is not 
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end discomfort and painful intercourse 
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moisturization.' REPLENS increases mucosal 
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painful intercourse and vaginal discomfort. And 
when compared with K-Y® jelly, both patients 
and their spouses preferred REPLENS. 
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full-time comfort 
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replenish vaginal moisture, you bring back a 
sense of youth and confidence that many 
women thought they had lost forever. 
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Plasma atrial natriuretic factor and urinary excretion of a 
ouabain displacing factor and dopamine in normotensive 
pregnant women before and after delivery 


Isabelle Gregoire, MD, Najeh El Esper, MD,” Jean Gondry, MD,‘ Francis Boitte, MD," 
Patrick Fievet, MD,° Rafat Makdassi, MD," Pierre Francois Westeel, MD,” 
Jean Daniel Lalau, MD,’ Hervé Favre, MD, A. de Bold, MD,‘ and Albert Fournier, MD” 


Amiens, France, Geneva, Switzerland, and Ottawa, Ontario, Canada 


Estimation of urinary excretion of a ouabain displacing factor and dopamine was carried out immediately 
before delivery, and 7 days and 70 to 90 days after delivery in 12 normotensive pregnant women. 
Simultaneous estimation of plasma 99-126 etrial natriuretic factor, plasma renin activity, and plasma 
aldosterone were also undertaken. The data were compared with those obtained in a group of 
nonpregnant normotensive women (n = 14) and a group of pregnant normotensive women in the early 
phase of the third trimester (n = 14). Urinary ouabain displacing factor and dopamine levels were 
significantly higher in the early phase of the third trimester, as compared with nonpregnant women. But 
immediately before delivery, ouabain displacing factor excretion had fallen below nonpregnant values and 
dopamine excretion had dropped to control values. Both remained low after delivery. Plasma atrial 
natriuretic factor was higher in pregnant wcmen, as compared with nonpregnant controls and remained 
high just before delivery and 7 and 70 to 99 days after delivery. Plasma renin activity and plasma 
aldosterone levels were higher during pregnancy and had fallen to nonpregnant values 7 days 

post partum. This drop in plasma renin activity and aldosterone by 7 days post partum, in contrast with the 
unchanged high values of atrial natriuretic factor, may contribute to negative sodium balance after delivery. 
It is concluded that there is considerable ciscrepancy in natriuretic and antinatriuretic factors before and 


after delivery. (AM J Ostet GYNECOL 1990;162:71-6.) 


` Key words: Atrial natriuretic factor, ouabain displacing factor, dopamine, pregnancy 


Normal pregnancy is associated with a progressive 
sodium accumulation, reaching 900 mmol at the end 
of gestation (shared between the fetcplacental unit and 
the maternal extracellular fluids).! After delivery this 
maternal sodium load is excreted; a peak natriuresis 
occurs at 3 to 5 days post partum.* This suggests the 
involvement during gestation of very potent and re- 
versible reabsorptive mechanisms. Many pregnancy- 
induced hormonal modifications can account for them, 
in particular hypersecretion of angiotensin II, aldoste- 
rone, estrogens, prolactin, cortisol, and placental lac- 
togen. However, compensatory natriuretic mechanisms 
are stimulated, but at a level that appears to be less 
efficient than the antinatriuretic ones. This has been 
suggested by studies in which the pregnant state, com- 
pared with the nonpregnant state, has been shown to 
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be more effective in the prevention of weight loss dur- 
ing sodium deprivation ‘and less effective in the pre- 
vention of weight gain during sodium loading.’ 

Together with progesterone and prostaglandin Eg 
(PGE,) and I, (PGI), three other natriuretic factors may 
potentially be involved in sodium balance during preg- 
nancy and the puerperium, but have been infrequently 
investigated, namely, the hypothesized endogenous 
digitalis-like factor, the atrial natriuretic factor (ANF), 
and dopamine. 

The first may exert a natriuretic and vasoconstrictive 
action by inhibition of the sodium- and potassium- 
activated adenosine 5-triphosphatase (Na*K* ATPase) 
pump both in tubular and vascular cells.‘ Graves and 
Friedman® have studied its concentration respectively 
in plasma and in urine of normotensive pregnant 
women in the third trimester and on the first day post 
partum but both used digoxin radioimmunoassays, the 
specificity of which is controversial.” Moreover, in the 
second study no comparison was made with the non- 
pregnant state. 

The ANF decreases plasma volume by the promotion 
of natriuresis and a shift of plasma into the interstitium; 


it also inhibits renin and aldosterone secretion.’ Ruth-- 
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Table I. Clinical and basic biochemical data (mean + SD) 















Sequential study (n = 12) 












Third trimester 
(n = 14) 


Nonpregnant 
(n = 14) 






Day 70 to 90 


Age (yr) 2945 2744 - 27440 > 
Weight in the nonpregnant state (kg) 55.4 + 6 56+ 9 < 594 > 
Mean arterial pressure (mm Hg) 82 +7 82 +7 92 + 8ł 9I + 9} 85+6 
Plasma creatinine (pmol/L) 80 +8 60 + 77 65 + 7 65 + 77 70 + 12 
Plasma uric acid (wmol/L) 258 + 36 230 + 27 291 + 15t 

Urinary sodium (mmol/mmol of urinary creatinine) 10.2 + 3 14+ 3 13.344 12.4 + 4 10 + 3.8 
Urinary potassium (mmol/mmol of urinary creatinine) 6.1 + 1.6 6.7 + 1.7 69+17 55413 6+ 1.9 





*p < 0.05, significance of the comparison with the nonpregnant state. 
tp < 0.01, significance of the comparison with the nonpregnant state. 
p < 0.05, significance of the comparison with the third trimester of normal pregnancy. 


ANF concentration sequentially during pregnancy and 
in the puerperium (3 to 5 days and 6 weeks post par- 
tum, respectively), but they did not compare these data 
with ANF levels in nonpregnant controls. i 

Dopamine has a potent vasodilatory effect on renal 
vasculature, which results in increased renal plasma 
flow and glomerular filtration rate and hemodynami- 
cally induced inhibition of tubular reabsorption of so- 
dium. Sodium reabsorption is further inhibited by a 
direct dopamine receptor mechanism and by the in- 
hibition of aldosterone secretion.’ Perkins et al.'? and 
Huss et al. have measured dopamine urinary excre- 
tion in pregnancy and the puerperium but only Perkins 
studied in parallel a control group of nonpregnant 
women. Both used a radioenzymatic assay that has 
been replaced by a more accurate technique high- 
performance liquid chromatography with electrochem- 
ical detection).'* 

In none of these previous studies were the natriuretic 
factors studied simultaneously or together with the 
renin angiotensin system. 

Therefore we have measured simultaneously these 
three natriuretic factors and plasma aldosterone and 
plasma renin activity in normotensive pregnant women 
just before delivery and at 7 and 70 to 90 days after 
delivery. The assays used for the endogenous ouabain- 
like factor and for dopamine were different from those 
used in the previously cited studies. We compared these 
data with those obtained from a group of nonpregnant 
controls and from a group of normotensive pregnant 
women in the third ‘trimester. 

The aim of the study was to assess whether these 
factors are modified during and after pregnancy, as 
compared with the nonpregnant state, and to deter- 
mine any relationship between them. 


Patients and methods 

Patients. Three groups of women were studied: (1) 
a group of 14 normotensive pregnant women in the 
first part of the third trimester (25 to 35 weeks of amen- 
orrhea), (2).a group of 12 normotensive pregnant 


women who were sequentially studied 1 to 3 hours be- 
fore delivery, at 7 days after delivery and at 70 to 90 
days after delivery, and (3) a group of 14 age-matched 
nonpregnant controls. The nonpregnant controls, had 
regular menstrual cycles. None of these women or 
those at 70 to 90 days post partum was taking oral 
contraceptives. 

Protocol. Investigations were carried out in all 
‘women between 8 and 10 am (except in those studied 
just before delivery). 

Blood pressure was measured after 30 minutes of 
supine rest. Blood samples were taken through a cath- 
eter inserted 30 minutes previously and drawn into 
ethylenediaminetetraacetic acid Vacutainer blood col- 
lecting tubes, immediately put on ice, and centrifuged 
at 4° C. Plasma samples were stored at — 80° C. Urine 
was collected in chlorhydric acid after 24 hours and 
stored at —20° C until assay. The protocol for the 
samples taken just before delivery was the same except 
that only a spot sample of urine was collected and that 
the investigations were necessarily made at different 
times of the day. All the women were in a recumbent 
position for at least 30 minutes as the blood samples 
were collected. 

Methods. Plasma immunoreactive 99-126 ANF was 
measured by radioimmunoassay after elution through 
a Sep-Pak cartridge (Waters Assoc., Milford, Mass.) with 
a mixture of acetonitrile and trifluoroacetic acid, ac- 
cording to a previously described procedure.” 

The endogenous digitalis-like factor was measured 
in the urine as an ouabain displacing factor by a 
receptor-binding assay with the use of Na*K* ATPase 
prepared from the outer medulla of rabbit kidney. 
Before assay the freeze-dried urine samples were ex- 
tracted with methanol and desalted on a silica gel col- 
umn with a mixture of chloroform and ethanol, ac- 
cording to a previously described procedure. The 
extracted fraction had natriuretic activity when injected 
into rats and antinatriferic activity in toad bladder and 
rat colon cells. The serial dilution curves obtained from 
urine extracts of different pregnant women paralleled 
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Table II. Biologic data (mean + SD) 
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Nonpregnant 
(n = 14) 


Urinary ouabain displacing factor 


(nmol/mmol of creatinine) 9.5 + 2.5 
Urinary dopamine 

(nmol/mmol of urinary creatinine) 187 + 56 
Plasma ANF (pg/ml~') 54 + 20 
Plasma renin activity (ng/hr7!-ml~') 1.6 + 0.8 
Plasma aldosterone (pg/ml7') 67 + 49 





Third trimester 


Sequential study (n = 12) 










Day 70 to 90 





$ * * 
14.9 + 7.5t 43426 7.7459 7.8 + 5.6 
274 + 75t 183 + 79 188 + 56 194 + 79 
73 + 45§ 87 + 208 99 + 29+ 83 + 33§ 
7.1 = 2f 7.5 + 3.7} 207r 23 420 
259+ 131§ 305+ 139} 70 + 63a 46 + 40* 





*p < 0.001, significance of the comparison with the third trimester of normal pregnancy. 
tp < 0.01, significance of the comparison with the nonpregnant state. 

p < 0.001, significance of the comparison with the nonpregnant state. 

§p < 0.05, significane of the comparison with the nonpregnant state. 


mp < 0.01, significance of the comparison with the third trimester of normal pregnancy. 


each other and that obtained from the assay standard 
(pooled urine of normal nonpregnant subjects), which 
suggests that a single molecular species was measured. 
The tested cross-reactivities in this assay were 100% for 
ouabain, 19.7% for digoxin, and 0% for pregnane- 
diol, progesterone, estriol, estrone, estradiol, PGE, 
and PGF,,. 

Urinary dopamine was measured by high- 
performance liquid chromatography with electrochem- 
ical detection with the use of 3.4 dihydroxybenzylamine 
hydrobromide as an internal standard.” Before assay, 
samples were extracted on a Biorex (Bio Rad, Rich- 
mond, Calif.) prepacked ion-exchanger column with a 
mixture of ethylenediaminetetraacetic acid and boric 
acid." 

Plasma renin activity and aldosterone were measured 
by radioimmunoassay. 

Statistical analysis. Comparisons were made by anal- 
ysis of variance followed by the Student ż test or Wil- 
coxon test for paired and unpaired data. 


Results 

A description of the patients and controls and basic 
biochemical data are presented in Table I. The differ- 
ent groups of women were age matched and the blood 
pressure was normal and similar in the different groups 
except during the peridelivery period. The plasma cre- 
atinine level was lower in the group of pregnant women 
in the third trimester than that in the nonpregnant 
group. During the sequential study, the plasma creat- 
inine level increased at day 70 to 90 and reached a level 
similar to that of the nonpregnant group. Blood uric 
acid at day 0 was higher than that in the pregnant 
women in the third trimester and comparable to that 
of the nonpregnant group. There was no significant 
difference in sodium or potassium excretion between 
any period or between any group. 

Biologic data are presented in Table II. 

Urinary ouabain displacing factor was markedly 


higher in pregnant women in the third trimester than 
that in the nonpregnant group. It showed dramatically 
lower values just before delivery and increased again 
after delivery to levels comparable to those of the non- 
pregnant group. 

Urinary dopamine was also markedly higher in the 
group in the third trimester of pregnancy than that in 
the nonpregnant group and dramatically lower just be- 
fore delivery. After delivery it remained unchanged 
(i.e., at levels comparable to those of the nonpregnant 
group). 

Plasma ANF was significantly higher in the group of 
pregnant women in the third trimester than that in the 
nonpregnant group. Just before delivery, plaama ANF 
concentration was also significantly higher than that in 
nonpregnant controls and comparable to that in the 
group of pregnant women at the beginning of the third 
trimester. It remained high at 7 days and 70 to 90 days 
after delivery (i.e., at levels comparable to those of the 
third trimester pregnant women). There was a trend 
for higher levels at day 7, as compared with the day of 
delivery and day 70 to 90, but it did not reach the level 
of significance. 

Plasma renin activity and aldosterone concentrations 
were significantly higher in the group in the early phase 
of the third trimester of pregnancy and in the sequen- 
tial study group just before delivery than in the non- 
pregnant group. After delivery they returned to the 
nonpregnant values by 7 days post partum. 

At day 7, 7 of the 12 women were lactating. At day 
70 to 90, only 3 were lactating. Comparison at each 
period of lactating and nonlactating women does not 
show a significant difference for ANF (82 + 15 versus 
120 + 32 pg/ml at day 7 and 61 + 8 versus 70 + 29 
pg/ml at day 70 to 90), for ouabain displacing factor 
(10.2 + 12 versus 4.6 + 1 nmol/mmolat day 7,11 + 9 
versus 9.4 + 6 nmol/mmol of urinary creatinine at day 
70 to 90), for urinary dopamine (150 + 29 versus 
206 + 81 nmol/mmol at day 7, 122 + 23 versus 
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Table III. Comparison of the diurnal and nocturnal samplings on the day of delivery 





Urinary ouabain displacing factor 
(nmol/mmol of urinary creatinine) 
Urinary dopamine 
(nmol/mmol of urinary creatinine) 
Plasma ANF (pg/ml~') 
Plasma renin activity (ng/hr7'-ml7') 
Plasma aldosterone (pg/ml~') 


Day i Night 
(n = 7) (n = 5) 
4.24 1.7 4.6 + 3.9 
176 + 81 194 + 82 
83 + 20 92 + 21 
8.2 + 4.7 6.8 + 2.3 
234 + 114 404 + 123 





162 + 46 nmol/mmol of urinary creatinine at day 70 
to 90), for plasma renin activity (1.4 + 0.3 versus 
2.6 + 1.3ng/hr- mlat day 7, 4.3 + 3.3 versus 1.3 + 1 
ng/hr: ml at day 70 to 90), and for aldosterone 
(101 + 103 versus 40 + 29 pg/ml at day 7, 38 + 20 
versus 44 + 46 pg/ml at day 70 to 90). 

Table II compares the values of the various param- 
eters when the sampling was performed either during 
the day or during the night of the day of delivery. None 
of the comparisons showed a significant difference. 

No correlation was found between the three natri- 
uretic factors nor between any of the natriuretic factors 
and plasma renin activity or plasma aldosterone. 


Comment 


Urinary ouabain displacing factor was found to be 
markedly higher during the third trimester of preg- 
nancy than in the nonpregnant state. After delivery it 
was found at levels comparable to those of the non- 
pregnant state. Somewhat surprising were the signifi- 
cantly lower values just before delivery, as compared 
with the nonpregnant controls. Because no sequential 
samplings were performed between the early phase of 
the third trimester and the delivery, it is not known 
exactly when this drop in urinary ouabain displacing 
factor occurred. The differences in urinary ouabain 
displacing factor are unlikely to be explained by dif- 
ferences in sodium intake because sodium excretion 
was similar in the different groups. Neither can they 
be explained by cross-reactivities of the assay with pro- 
gesterone, aldosterone, testosterone, estrone, PGE,, 
and PGF,,, which are known to be increased with preg- 
nancy. Therefore it can be concluded that ouabain dis- 
placing factor secretion is actually stimulated by preg- 
nancy per se. The mechanism of this stimulation may 
be twofold: (1) it may result from stimulation of the 
endothoracic stretch receptors in response to the in- 
crease of the cardiothoracic volume as a result of hy- 
pervolemia, although no data on intrathoracic blood 
volume are available in pregnancy; or (2) ouabain dis- 
placing factor may be released by the placenta and can 
diffuse into the maternal circulation.'*” The fall before 
delivery remains unexplained; it may be related to the 


decrease in the antinatriuretic estrogens that occurs at 
the very end of pregnancy. 

Our data are consistent with those of Graves’ who 
described a higher digoxin-like immunoreactivity in the 
blood of normal pregnant women in the third trimester, 
as compared with nonpregnant controls, followed by a 
rapid decrease in the first day post partum. And our 
data are consistent with those of Friedman* who de- 
scribed a gradual increase in urinary digoxin-like im- 
munoreactive substance from weeks 10 to 37 of amen- 
orrhea in normotensive pregnant women, followed by 
a fall during labor and a further fall 24 hours after 
delivery. Although the specificity of digoxin radioim- 
munoassay for a ouabain-like substance that inhibits the 
Na*K~* ATPase is controversial, these data suggest an 
increase of a ouabain-like substance in normal preg- 
nancy. In another article Graves et al.” have shown 
a good correlation in amniotic fluid in normo- and 
hypertensive pregnant women between the digoxin- 
like immunoreactivity and the inhibition of ouabain- 
sensitive Na*K* ATPase. These data in normal 
pregnancy are interesting because ouabain-like factors 
have been involved in the pathogenesis of essen- 
tial hypertension” and in pregnancy-induced hyper- 
tension.*!* 

The same pattern for urinary ouabain displacing fac- 
tor was observed for urinary dopamine. Two studies 
with sequential measurements of urinary dopamine 


` have been reported. Perkins et al.’® have shown higher 


concentrations after 16 to 36 weeks of amenorrhea, as 
compared with 6 to 8 weeks post partum, but the con- 
centrations of his pregnant group did not differ sig- 
nificantly from those obtained in a nonpregnant age- 
matched group. Huss et al. have shown lower levels 
post partum (first 10 days and 6 weeks post partum) 
than “before delivery” (the exact moment of which was 
not specified) but did not compare them with the non- 
pregnant state. Urinary dopamine is known to originate 
from two sources, primarily from the tubular decar- 
boxylation of L-DOPA and secondarily from release by 
dopaminergic renal neurons.* Thus it seems that preg- 
nancy stimulates the renal secretion of dopamine, but 
the mechanism of stimulation remains unknown. It 
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cannot be explained by a higher sodium load because 
the sodium excretion was comparable in the various 
groups and periods. However, activation of cardiopul- 
monary volume-sensing fibers has been suggested as 
another stimulus for dopamine secretion by the kidney. 
Such an activation may be induced in pregnancy by the 
increased circulating volume. The hypersecretion of 
this renal vasodilating factor could be involved in the 
pregnancy-induced increase in renal plasma flow and 
glomerular filtration rate, whereas its fall observed at 
day 0 (but possibly occurring earlier) could be involved 
in the decrease of effective renal plasma flow, which 
characterizes the second half of the third trimester.' 

Plasma ANF concentration was found to be higher 
in the third trimester and just before delivery, as com- 
pared with the nonpregnant state. These data are con- 
sistent with those of Cusson et al.” and Thomsen 
et al.” in comparison of the third trimester of preg- 
nancy with the nonpregnant state, but not with those 
of Grace et al.” who found no significant difference 
between plasma ANF concentration in nonpregnant 
controls and in normotensive pregnant women either 
in the third or in the first trimester. An increase in ANF 
secretion during pregnancy could be explained by a 
stretch of left atria resulting from the hypervolemia 
because a greater left atrial dimension has been re- 
ported by Robson et al.” at the end of gestation, as 
compared with 2 weeks post partum. Whether such an 
increase of only 50% is of sufficient magnitude to in- 
duce significant physiologic affects is uncertain. How- 
ever, it has been shown that a very low-dose infusion 
of ANF, which returns the plasma ANF concentration 

. to within the range seen after physiologic stimulation, 
is able to cause natriuresis, diuresis, decrease in blood 
pressure, and suppression of plasma renin activity in 
normal human beings.” The increase of plasma ANF 
concentration induced in these experiments was higher 
(100% to 500%) than the increase we observed in preg- 
nancy but the duration of the former was of some 
hours, whereas the duration of the latter was of several 
weeks. : 

At 7 days post partum the slight (but not significant) 
increase in ANF is compatible with the observations of 
Rutherford et al.° and Steegers et al.” of an increase 
in the mobilization of the interstitial fluid into the vas- 
cular space, and in the peak of sodium excretion that 
occurs at 4 to 5 days after delivery. This, according to 
Robson et al.,”® is associated with greater left atrial dis- 
tension than that that occurs during the third trimester 
of pregnancy. 

At 70 to 90 days post partum, plasma ANF concen- 
tration was still higher than that in the nonpregnant 
state, which confirms the data oi Steegers et al.'!° who 
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found in a sequential study no difference between week 
35 of pregnancy and week 6 after delivery. It is note- 
worthy that no circadian rhythm was demonstrable in 
our study (as in the study by Myamoto et al.*'), so the 
fact that blood samples obtained just before delivery 
were collected at different times of the day, whereas all 
the other blood samples were collected from 8 to 10 
AM does not influence the values observed just before 
delivery. The higher concentrations at 70 to 90 days 
post partum, as compared with the nonpregnant state, 
cannot be explained by the lactating status because only 
three of the 12 women were lactating at that time; 
moreover, lactation would be expected to be associated 
with lower plasma ANF because it induces a relative 
sodium depletion. The persistence of high plasma ANF 
concentration 70 to 90 days after delivery remains 
unexplained because in the study of Robson et al.,** the 
left atrial dimension significantly decreased between 48 
hours and 2 weeks post partum so that the hypothesis 
of an increased left atrial stretch stimulating ANF se- 
cretion would be no longer tenable. 

The marked increase in both plasma renin activity 
and aldosterone during pregnancy, as compared with 
the nonpregnant state, has often been observed and is 
suggested to act as a compensatory mechanism that 
counterbalances the pregnancy-induced increase in na- 
triuretic and vasodilating factors.’ 

In conclusion, our data suggest that normal preg- 
nancy stimulates the secretion of the three investigated 
natriuretic factors, of renin, and of aldosterone but 
show considerable temporal variation in the perideliv- 
ery period: values comparable to the nonpregnant state 
are observed just before delivery for the ouabain dis- 
placing factor and dopamine, after 7 days for plasma 
renin activity and plasma aldosterone, whereas ANF 
remains elevated after 70 to 90 days. The imbalance 
between markedly decreased plasma renin activity and 
aldosterone and persistently high ANF concentration 
observed at 7 days post partum, as compared with late 
pregnancy, could be an explanation of the increased 
urinary excretion of sodium that occurs after delivery. 
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Pregnancy in a homozygous familial hypercholesterolemic 
patient treated with long-term plasma exchange 
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We describe the first pregnancy in a homozygous familial hypercholesterolemic woman who started 
plasma exchange therapy 3 years before she became pregnant. We especially studied the effects of 
plasma exchange on lipid profile, uteroplacental circulation, and pregnancy course. (AM J OBSTET GYNECOL 


1980;162:77-8.) 


Key words: Homozygous familial hypercholesterolemia, plasma exchange, uteroplacental circulation 


Pregnancy and delivery in homozygous women with 
familial hypercholesterolemia is extremely rare. No 
pregnancy in a homozygous familial hypercholester- 
olemic patient treated with long-term plasma exchange 
has been described. We describe the first pregnancy in 
a homozygous woman with familial hypercholesterol- 
emia who started plasma-exchange therapy 3 years be- 
fore she became pregnant. Of special interest were the 
effects of plasma exchange on lipid profile, uteropla- 
cental circulation, and pregnancy course. 


Case report 

The patient, a 26-year-old female, was previously de- 
scribed.' At age 5, multiple xanthomata appeared and 
her serum cholesterol level was 800 to 1000 mg/dl. At 
age 17, diagnosis of coronary artery disease was con- 
firmed by stress test and nuclear cardiac dynamic 
studies. 

At age 22, plasma exchange was begun, performed 
at 3- to 4-week intervals. Total cholesterol levels were 
400 to 500 mg/dl and 200 to 250 mg/dl before and 
after plasma exchange, respectively. 

The patient became pregnant at age 25. Plasma ex- 
change was not done during the first 15 weeks’ gestation 
because of the patient’s refusal but was resumed after 
that. Ultrasonographic and umbilical artery blood flow 
measurements were started at 19 and 26 weeks’ ges- 
tation, respectively, and were done every 2 weeks. From 
15 to 27 weeks’ gestation, plasma exchange was done 
every 4 weeks and every 10 to 14 days after that because 
of marked hypercholesterolemia and abnormal umbil- 
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ical artery How measurements. The pregnancy pro- 
ceeded uneventfully. At 39 weeks’ gestation the patient 
had an uneventful vaginal delivery of a male infant 
who weighed 2700 gm. 


Results 


Marked hypercholesterolemia, up to 1233 mg/dl, 
was observed during pregnancy. Plasma exchange had 
a marked hypocholesterolemic effect. Serum choles- 
terol after each procedure was 350 to 450 mg/dl. It is 
of interest that the time it took serum cholesterol to 
reach its preexchange level was much shorter than that 
before pregnancy. ` 

Fetal growth as determined by ultrasonography was 
normal. In contrast, measurements of umbilical artery 
blood flow in the pre-plasma exchange phase showed 
an abnormally high systolic/diastolic (S/D) ratio, More- 
over, whereas in a normal pregnancy the S/D ratio 
declines with progression in the gestational age, in our 
patient it increased from a ratio of 3.3 in week 20 of 
gestation to 3.9 in week 26 (normal values, 3.2 and 3.0, 
respectively). The effect of plasma exchange on the 
S/D ratio was measured on several occasions. Each time 
the abnormally high S/D ratio in the pre-plasma ex- 
change phase declined and became almost normal after 
the procedure. The reduction of the S/D ratio signifies 
a reduction in the resistance and improvement of the 
blood flow in the uteroplacental circulation. 

Inasmuch as blood flow is determined by hemor- 
rheologic parameters, we investigated the effect of 
plasma exchange on those parameters. Blood viscosity 
dropped from elevated abnormal levels (4.9 cP) to nor- 
mal levels (4.0 cP). Plasma viscosity decreased from 1.28 
cP to 1.01 cP and red blood cell filtration time that was 
abnormally high (34 sec/ml) became normal (24 
sec/ml) after the procedure. Platelet aggregation stud- 
ies showed platelet hyperactivity, which decreased sig- 
nificantly after plasma exchange. 
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Total cholesterol (134 mg/dl) and low density 
lipoprotein—cholesterol (99 mg/dl) levels in the um- 
bilical cord and in the newborn were almost twice the 
normal levels and increased during the first days after 
birth consistent with familial hypercholesterolemic het- 
erozygous. — 

Histopathology of the placenta showed no athero- 
sclerotic changes in the umbilical blood vessels. 


Comment 


Pregnancy and delivery in a homozygous familial 
hypercholesterolemic female treated with long-term 
plasma exchange and the influence of this procedure 
on the pregnancy course and fetal status has never been 
described. Therefore we were mainly concerned with 
two aspects: (1) maternal, how does the procedure:in- 
fluence the metabolic and hemodynamic status? and (2) 
fetal, what effect does plasma exchange have on utero- 
placental blood flow? 

With regard to the patient, marked hypercholester- 
olemia was noted during pregnancy. The hypercholes- 
terolemic effect of pregnancy is well known. To lower 
this highly elevated serum cholesterol level, plasma ex- 
change during pregnancy should be performed more 
often. 

Pregnancy may have a deleterious effect on the car- 
diac status of women with coronary artery disease. In 
this patient, despite the coexistence of several aggra- 
vating factors for coronary disease, her cardiac con- 
dition remained stable. With regard to the maternal 
aspect, this high-risk pregnancy proceeded unevent- 
fully. 
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Determination of blood flow in uterine and umbilical 
blood vessels has been proposed as a preferred method 
to detect intrauterine growth retardation. The S/D ra- 
tio, as detected in the pre-plasma exchange phase was 
high. Plasma exchange had a favorable effect on the 
S/D ratio. High S/D ratio in the umbilical artery in- 
dicates high resistance to the blood flow, which may 
lead, if not corrected, to intrauterine growth retarda- 
tion. This high resistance may be caused by irreversible 
(atherosclerosis) and reversible (hyperviscosity, vaso- 
constriction) factors. The favorable effect induced by 
plasma exchange on hemorrheologic factors may have 
a role in the improvement observed in the uteropla- 
cental circulation. Thus we conclude that plasma- 
exchange therapy has a beneficial effect on both ma- 
ternal and fetal aspects in homozygous familial hyper- 
cholesterolemic pregnant women. 

In summary, pregnancy in homozygous familial 
hypercholesterolemic women treated with long-term 
plasma exchanage is feasible. Plasma exchange should 


be continued during the pregnancy course. Its fre- 


quency should be determined according to the level of 
serum cholesterol and uteroplacental blood flow studies 
because both parameters are improved by plasma ex- 
change. 
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Pelviscopic adnexectomy 


C. Paul Perry, MD, and James C. Upchurch, MD 
Birmingham, Alabama 


Removal of fallopian tubes and ovaries through the laparoscope is a safe and efficient alternative to 
laparotomy. Seventeen patients undergoing this procedure are described. This approach should be 
considered for those patients requiring adnexal surgery provided that the operator is skilled in multiple 


puncture laparoscopy. (AM J OssTeET GYNECOL 1990;162:79-81.) 


Key words: Laparoscopy, adnexal surgery, pelviscopy 


Pelviscopic adnexectomy was introduced by Semm' 
in 1973 with the use of endocoagulaticn to produce 
hemostasis. The term pelviscopy was coined by Semm to 
describe the special techniques that formerly required 
open laparotomy. In 1980, Semm? reported further 
experience with the procedure and use of a Roeder 
‘ loop for improved bleeding control. In 1985, Levine? 
described: the first pelviscopic bilateral oophorectomy 
performed in the United States. As a result of these 
pioneering efforts, removal of the tube and ovary can 
now be accomplished safely through the laparoscope 
by means of appropriate instruments and techniques. 

This report includes all cases of salpingectomy and 
oophorectomy accomplished by us through the lapa- 
roscope from July 1987 through December 1988. 
Rapid recovery with diminished pain and expense to 
the patient were persuasive reasons for us to offer pel- 
viscopy to our patients. 

The purpose of this report is to describe our tech- 
nique and results of adnexectomy with emphasis on the 
importance of proper training, skill, and instrumen- 
tation. 


Methods 

Twenty-three patients requiring surgery for adnexal 
pathologic conditions were offered the option of un- 
dergoing pelviscopy. Seventeen patients were found to 
be appropriate candidates at laparoscopy. All surgical 
procedures were performed by one or both of us. The 
age of the patients ranged from 28 to 59 years with a 
median of 36. Pain was the primary reason for surgical 
intervention. Intraoperative bleeding was negligible in 
each case. Six patients were excluded because of in- 
ability to free up the adnexa or adequately visualize the 
ureter. Pelviscopy was not offered when ovarian cancer 
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was suspected. Pathologic conditions deemed suitable 
for this approach included painful benign ovarian 
cysts, endometriosis, benign ovarian teratoma, post- 
operative adnexal adhesions, and torsion of the adnexa 
(Table I). 

Preoperative counseling included the risks of bleed- 
ing and bowel complications, as well as the possible need 
for laparotomy. The patient was instructed to admin- 
ister an enema the evening before surgery. Double- 
puncture laparoscopy was first performed to determine 
the suitability of the procedure planned. If the adnexa 
were densely adherent or the ureter incompletely vi- 
sualized, laparotomy was performed. 

Instrumentation and techniques of pelviscopy have 
been previously described.’* At least three puncture 
sites were used once laparoscopic adnexectomy was de- 
termined appropriate. An Aqua-Purator high-pressure 
irrigation device was positioned through the supra- 
pubic midline for dissection, irrigation, laser backstop, 
and smoke evacuation. A paramedian incision was used 
for electrocoagulation (contralateral) or Roeder loop 
(ipsilateral) application. 

Adhesiolysis was performed with a carbon dioxide 


laser, unipolar or bipolar cautery, hooked scissors, or 


a combination of all of these instruments. Roeder loops 
were used exclusively for vasoligation in the initial 
seven patients and for the appendectomy performed 
early in the series. Modification of this technique was 
used after an episode of postoperative bleeding from 
a loosely placed suture ligature. Subsequently, our tech- 
niques more closely comply with those of Reich and 
McGlynn.‘ Bipolar electrocoagulation was substituted 
for ligature hemostasis of the infundibulopelvic vessels, 
round ligament, and proximal tube before excision. 
Combination of the Roeder loops and bipolar electro- 
cautery also was used when appropriate. This has 
proved to be faster and has resulted in no postoperative 
bleeding or thermal injuries. 

Oophorectomy is accomplished by first identifying 
the ureter and assuring its free course through the 
pelvis. Next, a nontraumatic grasping forceps lifts the 
ovarian vessels away from the pelvic sidewall. The ves- 
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Table I. Pelviscopic adnexectomy 











Patient 


No. Indication 


1 45 Pain— postoperative adnexal ad- 
hesions 
2 37 Pain—recurrent ovarian cyst, status 
post hysterectomy 
8 42 Pain—endometriosis, status post 
hysterectomy 
4 33 Pain—endometriosis, status post 
hysterectomy 
5 26 Pain—recurrent ovarian cyst, status 
post hysterectomy 
6 59 Pelvic mass—benign teratoma - 
7 36 Pain—ruptured ovarian cyst with 
adhesions 
8 29 Pain—chronic pelvic inflammatory 
disease . 
9 46 Pain—recurrent ovarian cyst, status 
post hysterectomy 
10 42 Pain—left ovarian cyst, status post 
hysterectomy 
i] 38 Pain— postoperative left adnexal 
adhesions 
12 34 Pain— postoperative adnexal ad- 
hesions 
13 32 Pain—left ovarian cyst, pelvic 
adhesions 
14 40 Pain—endometriosis, status post 
hysterectomy ; 
15 32 Pain—left endometrioma 
16 34 Pain—left ovarian cyst 
17 23 Pain—torsion of right adnexa 
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Hospital 





. stay 
Procedure Complications (days) 
Left salpingo- None 1 
oophorectomy 
Bilateral salpingo- None 1 
oophorectomy 
Bilateral salpingo- Pain for 2 wk postoper- ` 2 
oophorectomy atively 
Right salpingo- Readmitted 1 wk after 2 
oophorectomy operation because of 
and appen- gastroenteritis 
dectomy 
Bilateral salpingo- Postoperative bleeding 4 
oophorectomy necessitating explor- 
atory laparotomy 
Left salpingo- None 1 


oophorectomy 
(delivered via 


colpotomy) 

Right salpingo- None 1 
oophorectomy 

Left salpingo- None 1 
oophorectomy 

Bilateral salpingo- Late urinary retention 1 
oophorectomy 

Left salpingo- None 1 
oophorectomy 

Left salpingo- None 1 
oophorectomy 

Right salpingo- None 1 
oophorectomy 

Left salpingo- None 1 
oophorectomy 

“Bilateral salpingo- None i l 
oophorectomy 

Left salpingo- None 1 
oophorectomy ‘ 

Left salpingo- None 1 
oophorectomy 

Right salpingo- None 1 
oophorectomy 





sels are grasped with a Kleppinger bipolar electrocau- 
tery device similar to tubal cautery. Current is applied 
until complete tissue desiccation is accomplished. This 
technique is facilitated by an amperage meter on the 
bipolar coagulation unit. The meter reads zero when 
tissue desiccation is complete and passage of electric 
current ceases between the paddles. The vessels are 
transected with hooked scissors through the operative 
channel of the laparoscope. The excised tissue may be 
morcellated and removed through one of the trocar 
sheaths or extracted intact via colpotomy. All tissue 
specimens are submitted for pathologic diagnosis. 
Appendectomy may be considered necessary if en- 
dometriosis involves the right adnexa and the appen- 
dix, as in one of our patients. This is accomplished with 
three Roeder loops placed proximally at the cecoap- 
pendiceal junction and one just distal to the line’ of 
excision, Extraction through the suprapubic’ trocar 


sheath is easily accomplished. Profuse irrigation of the 
operative area is performed. 

All patients except one were of reproductive age. 
This patient’s pelvic mass exhibited the typical sono- 
graphic appearance of a benign teratoma. However, 
this mass was removed intact through the cul-de-sac via 
colpotomy to ensure no spill of possible malignant cells. 
After removal of the mass, gross inspection confirmed 
the presence of a dermoid cyst. In those patients with 
a suspected pelvic malignancy pelviscopic management 
should not be undertaken. The age of the patient, a 
preoperative sonogram, and the laparoscopic appear- 
ance should be used to determine if pelviscopy can be 
performed safely. 


Results 


Table I summarizes our experience with pelviscopic 
adnexectomy in 17 patients. Hospital stay was 1 or 2 
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days except in one patient with postoperative bleeding. 
In this patient laparotomy with transfusion of two units 
of packed cells was necessary. There was bleeding from 
the left infundibulopelvic ligament because the Roeder 
loops apparently had loosened after an extended vom- 
iting episode. Today, a similar complication probably 
would be managed by repeat. pelviscopy with bipolar 
electrocoagulation or reapplication of the Roeder 
- loops. One patient complained of left lower-quadrant 
pain and tenderness for 2 weeks after operation. No 
evidence of pelvic hematoma was present and the pain 
resolved spontaneously. After initial recovery, all pa- 
tients have been free of pain and required no further 
surgery. Follow-up has ranged from 5 to 22 months 
with a median of 8 months. The patients returned 2 
weeks after operation for the initial visit. Subsequently, 
visits were between 4 and 12 weeks. 

Operative times ranged from 65 to 195 minutes with 
a median of 141 minutes. Operative times have dimin- 
ished as our pelviscopic skill level has increased but 
remain dependent on the amount of adhesiolysis. Phy- 
sician fatigue has been reduced by the use of high- 
resolution video cameras and monitors rather than the 
direct view through the endoscope. 


Comment 


Three factors have revolutionized our traditional ap- 
proach to adnexectomy. First, the advent of laser en- 
doscopy provides precise and rapid adhesiolysis. Sec- 
ond, video pelviscopy has allowed first assistants and 
the entire operative team to become active participants. 
Finally, the availability of instruments dedicated to the 
needs of pelviscopy has encouraged many physicians 
to become trained and proficient in these procedures. 

Itis our clinical impression that electrocautery results 
in less pain after operation than use of Roeder loops 
alone. Although Semm strongly objects to the pelvis- 
copic use of electrocoagulation, others advocate this 
technique and have found it to be superior.** 

There are many prerequisites before pelviscopic sur- 
gery is undertaken. First, surgeons must be familiar 
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with simple double-puncture operations; they can then 
move on to more complex surgery. A postgraduate 
course in advanced laparoscopy is essential. Ideally, a 
hands-on preceptorship should be served. There is a 
definite learning curve. Each physician should not at- 
tempt procedures beyond his or her ability or acquired 
skill. 

The procurement of these skills is rewarded. With 
the exception of the patient that required laparotomy, 
all patients returned to full activity within 2 weeks. No | 
narcotics were required after the first postoperative 
day. The reduction of health care cost has been doc- 
umented previously.” Because of the shortened hospital 
stay, less time is spent on rounds by the physician. 

Despite these encouraging results, physicians must 
be cautious regarding their initial operative attempts. 
An experienced pelviscopic surgeon should be present 
to assist. If the necessary instrumentation is unavailable 
or if the surgeon is unwilling to approach with patience 
these sometimes lengthy procedures, pelviscopy could 
increase patient risk. 

Even though one laparotomy was necessary in our 
group, it is clear that 16 other laparotomies were 
avoided with their attendant pain, expense, and long- 
term disability. We would encourage other gynecologic 
endoscopists to consider expanding their surgical skills 
with this technique. 
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Embryoscopy: Description and utility of a new technique 


Mark T. Cullen, MD, E. Albert Reece, MD, John Whetham, MD, and John C. Hobbins, MD 


New Haven, Connecticut 


Embryoscopy is a new technique for direct visualization of the first-trimester conceptus. A rigid fiberoptic 
endoscope is passed transcervically under ultrasonographic guidance into the chorionic cavity. Anatomic 
scrutiny and direct access to the developing embryo are made possible by this technique. (AM J OBSTET 


GYNECOL 1990;162:82-6.) 


Key words: Embryoscopy, prenatal diagnosis, first trimester, pregnancy 


Prenatal diagnosis has revolutionized the practice of 
perinatal medicine and the field of reproductive biol- 
ogy. The ability to identify structural anomalies of the 
fetus and to directly sample fetal blood, tissue, and 
amniotic fluid is due to the capability of imaging the 
fetus. Until recently, antenatal diagnosis was reserved 
for the second trimester. Diagnosis in the first trimester 
of pregnancy would be preferable, since it would pro- 
vide information on the developmental status of the 


embryo, lessen the anxiety of waiting for second- - 


trimester diagnosis, and decrease the morbidity asso- 
ciated with pregnancy termination in advanced ges- 
tation. 

Until now, ultrasonography and fetoscopy have been 
the tools available for visualization of the fetus. Both 
techniques have proved effective in either the second 
or third trimester.';? Despite technical advances in so- 
nography, detection of structural anomalies and ac- 
cessing the fetus in the first trimester are limited.*’ 

Embryoscopy is an invasive technique for direct vis- 
ualization of the conceptus, providing a unique op- 
portunity for examination of the developing embryo 
and offering the potential for diagnostic and/or ther- 
apeutic intervention. Endoscopic visualization of the 
placenta to direct chorionic villus sarnpling, as well as 
attempts at viewing the embryo itself through the intact 
chorion with the use of a contact hysteroscope, was 
reported previously.*° This article describes a modified 
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technique and equipment and reviews our early ex- 
perience with its use. 


Methods and material 


The study population consisted of 100 patients 
scheduled for elective termination of pregnancy. Not 
included in this analysis are 30 procedures performed 
during the early stages of development of the equip- 
ment and technique. Before participation in the study, 
informed consent was obtained according to a protocol 
approved by the Human Investigation Committee at 
Yale University School of Medicine. 

Gestational age was calculated from last menstrual 
period. Abdominal and vaginal ultrasonographic ex- 
aminations were performed before the procedure for 
verification of date assignments. If a discrepancy of 
more than + 5 days was observed, the ultrasono- 
graphic assessment was used. 

The equipment used is depicted in Fig. 1. Rigid fi- 
beroptic endoscopes (Karl Storz, Culver City, Calif.), 
30 cm in length with diameters ranging from 2 to 3.5 


mm, were used. A wide-angle lens with a zero-degree 


angle is preferable, although not necessary. Other rigid 
endoscopes, including a pediatric cystoscope and bron- 
choscope, a hystéroscope, and a fetoscope, as well as a 
flexible pediatric bronchoscope, were initially tried but 
were less effective. The light source (model 610 c, Karl 
Storz), a xenon lamp rated at 6000 K, was equipped 
with automatic intensity adjustment, video, and photo- 
flash capabilities. During the procedure a video camera 
(Karl Storz) was often attached to the endoscopic eye- 
piece leading to a television monitor. 

During this series, all procedures were performed by 
one person. The patient was placed in the dorsal li- 
thotomy position. A speculum was inserted into the 
vagina, which had been cleansed with Betadine solu- 
tion, and a single-toothed tenaculum was placed on the 
anterior lip of the cervix. Under ultrasonographic guid- 
ance, the endoscope was passed transcervically into the 
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Fig. 1. Embryoscopy equipment including xenon light source, video camera, and endoscope. 


extracoelomic cavity (chorionic cavity) without disturb- 
ing the amnion (Figs. 2 and 3). The opaque chorion 
was bluntly penetrated by a rapid thrust made perpen- 
dicular to the chorionic membrane with the tip of the 
scope. Care was taken to avoid the placenta and areas 
where the amnion and chorion were juxtaposed. If a 
placenta previa was noted, the operator directed the 
scope laterally. For the purpose of this study, the pro- 
cedure was not abandoned in any case because of sub- 
optimal placental or conceptus position. An attempt 
was made in each case to visualize the head, face, dorsal 
and ventral wall, limbs, and umbilical cord with its in- 
sertion. 

The number of passes needed to enter the chorionic 
space, an ultrasonographically detected separation of 
the placenta, vaginal bleeding, amniotic rupture, and 
a description of developmental anatomy were recorded 
in each case. Most procedures were viewed on a video 
monitor and recorded to be reviewed at a later time. 
The embryo was viewed through the transparent am- 
nion, whereas the yolk sac, vitelline vessels, and cho- 
rionic plate were directly seen in the chorionic cavity 
(Figs. 4 to 7). In contrast to fetoscopy, the wide-angle 
lens and small size of the embryo often permitted vis- 
ualization of the embryo in toto. At the conclusion of 
the procedure, viability and evidence of separation of 
the placenta were investigated by ultrasonography. 

In all cases the time from insertion of the endoscope 
to the time of withdrawal averaged 10 minutes. This 
was not due to the difficulty of the procedure but was 


due to extended periods of video recording for inves- 
tigation of the developmental anatomy. At present, the 
length of time required to insert the scope and observe 
the embryo approaches 2 minutes. 

The results and anatomic descriptions are expressed 
in menstrual weeks’ gestation. 


Results 

The ability to embryoscopically visualize the concep- 
tus and the major procedure-related complications are 
depicted in Table I. An embryo was visualized in all 
cases except four. Nonvisualization occurred twice at 6 
weeks and once each at 7 and 11 weeks. Failure to 
visualize the embryo was due to the inability to pene- 
trate the chorion despite several attempts. In all but 
four cases, a complete anatomic survey was possible. 
Failure occurred in two cases in which the uterus was 
acutely anteverted and anteflexed and: in two cases 
where blood obscured the view. At the present time, a 
saline solution lavage down the side port of the endo- 
scope can be used to clear the lens of blood if necessary. 

Two passes were required in six cases. In two cases 
this was due to a partial placenta previa, in two others 
the view was obscured by blood. In one case there was 
a twin pregnancy and in one case access was lost. There 
were five intances of amniotic rupture (one at 11 weeks, 
two at 12 weeks, and two at 13 weeks). 

There was no evidence of uterine perforation or 
other maternal morbidity. Procedure-related discom- 
fort was minimal. The procedure requires no anesthe- 
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Fig. 2. Technique of embryoscopy. The endoscope is passed under ultrasonographic guidance into 
the chorionic space. 





Fig. 3. Ultrasound-of the endoscope (arrow), in the chorionic cavity (C). The embryo (E) is seen at 
the tip of the scope. 
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Fig. 4. Endoscopic picture of the umbilical cord insertion at 
1] menstrual weeks’ gestation. 





Fig. 6. Endoscopic picture of an embryo at 8 menstrual weeks’ 
gestation. Detailed facial features including the eye (left) and 
hand paddle (inferior) can be seen. 


sia although a paracervical block has been used on many 
occasions preceding elective termination of pregnancy. 
In no case did the patient report pain. 

In addition, five structural anomalies were identified 
by ultrasonography and verified with embryoscopy. 

In 12 cases a full or partial placenta previa was pres- 
ent. Bleeding, thought to be placental in origin, or an 
ultrasonography-detected placental separation was ob- 
served in five cases. 

In one case fetal death was noted during the pro- 
cedure or in the interim before elective termination. 
No obvious explanation for this outcome was found. 


Comment 

New techniques for prenatal diagnosis have changed 
the practice of perinatal medicine. Embryoscopy is a 
new technique that allows direct visualization of the 
first-trimester conceptus. This direct visualization pro- 
vides a detailed anatomic appreciation beyond the ca- 
pabilities of ultrasonography. 
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Fig. 5. Endoscopic picture of normal vascular pattern in a 9- 
week yolk sac. 





Fig. 7. Endoscopic picture of a 9-week embryo. Physiologic 
bowel hernia (arrow) can be seen in the umbilical cord 


Diagnostic uses of this modality may include prenatal 
diagnosis of structural anomalies in early pregnancy, 
confirmation of ultrasonography-detected anomalies 
before pregnancy termination, and investigation of em- 
bryonic physiology and developmental anatomy. 

For a diagnostic or therapeutic tool to be useful in 
perinatal medicine, the value of the information ob- 
tained must outweigh the procedure-related morbidity 
and fetal mortality rate. The potential problems of em- 
bryoscopy include the risk of infection, amniotic rup- 
ture, placental separation in cases of placenta previa, 
and the effects of high-intensity light on the developing 
eye. 

Experience with transcervical chorionic villus sam- 
pling suggests that the risk of infection from a trans- 
cervical approach may be minimal with good aseptic 
technique. We have observed that the chorion is ad- 
herent and appears to seal the entry point of the en- 
doscope on removal. The presence of a placenta pı evia, 
while associated with bleeding or partial separation in 
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Table I, Embryoscopically visualized conceptus and complications 






Gestational age 
(menstrual 
weeks) 





5 1 1 
6 7 5 
7 13 12 
8 14 14 
9 24 24 
10 13 13 
H 20 19 
12 6 6 
13 2 2 


Embyroscopically 
visualized 
i 





Complications and 
comment 


100 None 

71 None 

92 1 Fetal death 

100 None 

100 None 

100 None 

95 1 Ruptured amnion 
100 2 Ruptured amnion 
100 2 Ruptured amnion 





this early series, does not necessarily preclude the pro- 
cedure. During chorionic villus sampling it is not un- 
common for small areas of placenta to be disrupted 
without sequelae. Our initial experience with embryos- 
copy suggests that, when it is used at appropriate ges- 
tational ages (7.5 to 11 menstrual weeks’ gestation), the 
risk of amniotic rupture is minimal. There was no am- 
niotic rupture during this gestational period and there 
was only one (5%) at 11 weeks. The reason for this is 
that there is a well-developed chorionic space during 
this gestational period. With increasing gestation, the 
expanding amnion lies near or in contact with the cho- 
rion and makes trauma to the amnion likely. Theoret- 
ical retinal damage could be minimized, if indeed it 
exists, by lowering the intensity of the light and making 
the procedure as brief as possible. It should be pointed 
out that the optic neural axis is incomplete in the first 
trimester. One fetal death was noted during the study. 
It occurred after a seemingly uncomplicated endo- 
scopic entry into the extrachorionic space with a fundal 
placenta. Neither bleeding nor amniotic rupture was 
noted at the time of the examination and no evidence 
of trauma to the embryo was found at pathologic ex- 
amination. 

The technique itself deserves comment. For the op- 
erator to become proficient, a number of cases are re- 
quired during the initial learning curve. It is imperative 
that the endoscope enter the chorion perpendicular to 
the membrane. Failure to enter at 90 degrees may cause 
the membranes to tent, separating the chorion from 
the uterine wall and making subsequent passes difficult, 
if not impossible. 


Direct access to the embryo by embryoscopy with its 
diagnostic and therapeutic potentials opens a new fron- 
tier into prenatal diagnosis and treatment. Therapeutic 
interventions are most intriguing and include cellular 
and genetic therapy at a time when the embryo is im- 
munologically tolerant and therefore would not mount 
a graft-versus-host reaction. Further testing is nec- 
essary before its widespread routine clinical use. 
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IN BRIEF: 
indications and t 
otal contraceptives {OC's} as a method of contraception. 
Contraindications -OC's should not be used in women with any of the following conditions: 

1. Thrombaphlebitis.or thromboembolic disorders, i: 

2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 

3. Cerebral-vasculär or coronary-artery disease. 

4. Known or suspected carcinoma of the breast. 

5. Known or suspected estrogen-dependent neoplasia. 

6. Undiagnosed abnormal genital bleeding. 

7. Known or suspected pregnancy (see Warning No. 5). oS 

8. Benign or malignant liver tumor which developed during use of OC's or other estrogen-containing 

products. 


Warniegs 






Cigarette smoking increases the risk of serious cardiovascular effects from orai contraceptive use. 
Tas iak increases with age and with heavy smoking (15 or mare cigarettes per day) and is quite markod ia 
women over 35 years of age. Women who use oral contraceptives be strongty advised not ts smoke. 





The use of oral contraceptives is associated with increased risk of several serious conditions, including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, galibladder disease, hypertension. 
Practitioners prescribing oral contraceptives should be familiar with the foliowing information relating to 
these risks. 








1. Thromboembolic Disorders and Other Vascular Problems-—An increased risk of thromboembolic and 
thrombotic disease associated with use of OC's is well established. Three principai studies in Great Britain and 
3 in the U.S. have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, 
both hemorrhagic and thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than 
nonusers to develop these diseases without evident cause. 

CEREBROVASCULAR DISORDERS — in a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 
times greater in users than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than 
in nonusers. 

MYOCARDIAL INFARCTION (Mi)—An increased risk of Mi associated with use of OC's has been reported, 
confirming a previously suspected association. These studies, conducted in the UK, found, as expected, that 
the greater the number of underlying risk factors for coronary artery disease (cigarette smoking, hypertension, 
hypercholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk of developing 
MI, regardless of whether the patient was an OC user or not. OC's, however, were found to be a clear additional 
risk factor. in terms of relative risk, it has been estimated that OC users who do not smoke ( smoking is consid- 
ered a major predisposing condition to MI) are about twice as likely to have a fatai MI as nonusers who do not 
smoke. OC users who are also smokers have about a 5-fold increased risk of fatal Mi compared to users who 
do not smoke, but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. Further- 
more, amount of smoking is also an important factor. In determining importance of these relative risks, how- 
ever, baseline rates for various age groups must be given serious consideration importance of other 
predisposing conditions mentioned above in determining relative and absolute risks has not as yet been 
Quantified; quite likely the same synergistic action exists, but perhaps to a lesser extent. 

RISK OF DOSE—~In an analysis of data derived from several national adverse-reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coronary thrombosis, is directly 
related to dose of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated with 
higher risk of thromboembolism than those containing 50-80 mcg. Their analysis did suggest, however, that 
quantity of estrogen may not be the sole factor invoived. This finding has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out 
in the UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for 
users and nonusers of OC's according to age, smoking habits, and duration of use. Overall excess h rate 
annually from circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34—5/100,000; 
ages 35-44 --33/100,000; ages 45-49-- 140/100,000), risk being concentrated in older women, in those with 
long duration of use, and in cigarette smokers. It was not possible, however, to examine interrelationships of 
age, smoking, and duration of use, nor to compare effects of continuous vs. intermittent use. Although the 
study showed a 10-foid increase in death due to circulatory diseases in users for 5 or more years, all these 
deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous use for 5 or 
more years are available, itis not possible to assess magnitude of relative risk for this younger group. Available 
data from a variety of sources have been analyzed to estimate risk of death associated with various methods of 
contraception. Estimates of risk of death for each method include combined risk of contraceptive method 
(e.g., thromboembolic and thrombotic disease in the case of OC's) plus risk attributable to pregnancy or 
abortion in event of method failure. This latter risk varies with effectiveness of method. The study concluded 
that mortality associated with ali methods of birth control is low and below that associated with childbirth, with 
the exception of OC's in women over 40 who smoke. Lowest mortality is associated with condom of diaphragm 
backed up by early abortion. Risk of thromboembolic and thrombotic disease associated with OC's increases 
with age after about 30 and, for Mi, is further increased by hypertension, hypercholesterolemia, obesity, 
diabetes, or history of pre-eclamptic toxemia, and especially cigarette smoking. Physician and patient should 
be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pul- 
monary embolism, Cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 
6-fold increased risk of postsurgery thromboembolic complications has been reported in OC users. 

If feasible, OC's shouid be discontinued at least 4 weeks before surgery of a type associated with increased 
risk of thromboembolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS- Findings from one study in Britain involving cerebro- 
vascular disease and another in the U.S. concerning Mi suggest an increased risk of these conditions in users 
of OC's persists after discontinuation of the OC's, In the British study, risk of cerebrovascular disease 
remained elevated in former OC users for at least 6 years after discontinuation. In the U.S. study, increased 
risk of MI persisted for at least 9 years in women 40- to 49-years-old who had used OC's for 5 or more years. 
Findings in both studies require confirmation since they are inconsistent with other published information 

2. Ocular Lesions—- There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombo- 
Sis associated with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or com- 
plete loss of vision; onset of proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute 
appropriate diagnostic and therapeutic measures. 

3. Carcinoma—-Long-term continuous administration of either natural or synthetic estrogen in certain animal 
species increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic Progesto- 
gens, none currently contained in OC's, have been noted to increase incidence of mammary nodules, benign 
and malignant, in dogs. in humans, 3 case-control studies have reported an increased risk of endometrial 
Carcinoma associated with prolonged use of exogenous estrogen in postmenopausal women. One publication 
reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the endo- 
metrium in women under 40 on OC's. Of cases found in women without predisposing risk factors (e.g. irregu- 
lar bleeding at the time OC's were first given, polycystic ovaries). nearly all occurred in women who had used a 
sequential OC. These are no jonger marketed. No evidence has been reported s ing increased risk of 
endometrial cancer in users of conventional combination or progestogen only 'S, Several studies have 
found no increase in breast cancer in women taking OC's or estrogens. One study, however, while also noting 
no overall increased risk of breast cancer in women on OC's, found an excess risk in subgroups of OC users 
with documented benign breast disease. Reduced occurrence of benign breast tumors in users of OC's has 
been well documented. In summary, there is at present no confirmed evidence from human studies of 
increased risk of cancer associated with OC's. Close clinical surveillance of ali women on OC’s is, neverthe- 
less, essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or with breast nodules, fibrocystic disease, or abnormal mammograms should be monitored with 
particular care if they elect to use OC's. 

4. Hepatic Tumors — Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. 
Although benign, hepatic adenomas may rupture and may cause death through intra-abdomina! hemor- 
thage. This has been reported in short-term as weil as long-term users. Two studies relate risk with duration of 
use of OC's, the risk being much greater after 4 or more years’ use. While hepatic adenoma is rare, it should be 
Considered in women presenting abdominal pain and tenderness, abdominal mass or shock. A few cases of 
hepatocellular carcinoma have been reported in women on OC's. Relationship of these drugs to this type of 
malignancy is not known. 

5. Use in or Immediately Preceding Pregnancy, Birth Detects in Offspring, and Malignancy in Femate Off- 
spring —Use of female sex hormones —both estrogenic and progestational agents—d early pregnancy 
may seriously damage the offspring. it has been shown that females exposed in utero to ilbestroi, a 
nonsteroidal estrogen, have increased risk of developing in later life a form of vaginal or cervical cancer ordi- 
narily extremely rare. This risk has been estimated to be of the order of J in 1,000 exposures or less. Al 

there is no evidence now that OC's further enhance risk of developing this type of maii , Such patients 
should be monitored with particular care if they elect to use OC's. Furthermore, 30 to of such exposed 
women have been found to have epithelial changes of the vagina and cervix. Although these chi are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male chidren 
so exposed may develop abnormalities of the urogenital tract. Although similar data are not available with use 
of other estrogens, it cannot be presumed they would not induce similar changes. An increased risk of con- 
genital anomalies, including heart defects and limb defects, has been reported with use of sex hormones, 
including OC's, in pregnancy. One case contro! study estimated a 4.7-foid increase in risk of imb-reduction 
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defects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal tests for pregnancy, or 
treatment for threatened abortion): Some exposures involved only a few days. Data that 
tisk of fimb-reduction defects in exposed fetuses is somewhat less than I in 1,000 five births. in the past, 
temale sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. 
There is considerable evidence that estrogens are ineffective for these indications, and there is no evidence 
from well-controlled studies that progestogens are effective. There is some evidence that triploidy and possi- 
bly other of polyploidy are increased among abortusés from women who become pregnant soon after 
ceasing OC's. Embryos with these anomalies are virtually always aborted spontaneously. Whether there is. an 
overall increase in spontaneous abortion of ncies conceived soon after stopping OC's is unknown. itis 
recommended that, for any patient who. has missed 2 consecutive periods, pregnancy should be ruled out 
before continuing OC's. if the patient has not adhered to the prescribed schedule, the possibility of pregnancy 
should be considered at time of first missed period. and further use of OC's should be withheld until preg- 
nancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential risks to 
the fetus, and advisability of continuation of the pr ncy should be discussed. It is also recommended that 
women who discontinue OC's with intent of becoming pregnant use an alternate form of contraception for a 
Period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this. The administration of progestogen-estrogen combinations to 
induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Galibladder Disease —Studies report increased risk of surgically confirmed gallbladder disease in users of 
OC's and estrogens. in one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ 
use. In one of the other studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects Decrease in glucose tolerance has been observed ina signifi- 
cant percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully 
observed while on OC's. Increase in triglycerides and total phospholipids has been observed in patients on 
OC's; clinical significance of this finding remains to be defined. 
8. Elevated Blood Pressure—increase in blood pressure has been reported in patients on OC's. in some 
women, hypertension may occur within a few months of beginning OC's. In the 1st year of use, prevalence of 
women with hypertension is iow in users and may be no higher than that of a comparable group of nonusers. 
Prevalence in users increases, however, with longer exposure, and in the 5th year of use is 217 to 3 times the 
reported prevaience in the Ist year. Age is also strongly correlated with development of hypertension in OC 
users. Women who previously have had hypertension during pregnancy may be more likely to develop eleva- 
tion of blood pressure on OC's. Hypertension that develops as a result of taking OC's usually returns to normal 
after discontinuing the drug. 
9. Headache—Onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding irregularities-- Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for 
patients discontinuing OC's. In breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunc- 
tional causes should be borne in mind. 
In undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures 
are indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to another 
OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially useful in 
minimizing menstrual irregularity, should be done only if necessary, since this may increase risk of throm- 
boembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young women 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic afterdiscontinu- 
ing OC's. Women with these pre-existing problems should be advised of this possibility and encouraged to use 
other methods. Post-use anovulation, possibly prolonged, may also occur in women without Previous irregu- 
larities. 
11. Ectopic Pregnancy — Ectopic as weli as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding-OC’s given in the postpartum period may intertere with lactation and decrease quantity 
and quality of breast milk. Furthermore, a smail fraction of the hormones in OC's has been identified in the 
milk of mothers on OC's; effects, if any, on the breast-fed child have not been determined. If feasible, defer 
OC's until infant has been weaned. 
Precautions—-GENERAL —1. Acompiete medical and family history should be taken prior to initiation of OC's. 
Pretreatment and periodic physical examinations should include special reference to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. 
As a general rule OC’s should not be prescribed for longer than 1 year without another physical examination, 
2. Under infiuence of estrogen-progestogen preparations, pre-existing uterine leiomyomata may increase 
in size. 
3. Patients with history of psychic depression shouid be carefully observed and the rug discontinued if 
depression recurs to a serious degree. Patients becoming significantly depressed while on OC's should stop 
OC's and use an alternate method to try to determine whether the symptom is drug-related. 
4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with 
Careful monitoring, in patients with conditions which might be aggravated by fluid retention, such as convul- 
sive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency 
5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence while on 
OC's. If jaundice develops, OC's should be discontinued. 
6. Steroid hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution 
7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative 
pyridoxine deficiency. Clinical significance is undetermined. 
8. Serum folate leveis may be depressed by OC's. Since the pregnant woman is predisposed to development 
of folate deficiency and incidence of folate deficiency increases with increasing gestation, it iS possible that if a 
woman becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate 
deficiency and complications attributed to this deficiency. 
9. The pathologist shouid be advised of OC therapy when revelant specimens are submitted. 
10. Certain endocrine- and liver-function tests and blood components may be affected dy estrogen-contain- 
ing OC's: a. Increased sulfobromophthalein retention, b. Increased prothrombin and factors Vil, Vill, 1X, and X, 
decreased antithrombin 3; increased norepinephrine-induced platelet aggregability. c. Increased thyroid- 
binding ulin (TBG) leading to increased circulating total-thyroid hormone, as measured by protein-bound 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, feflecting the 
elevated TBG: free T4 concentration is unaltered. d. Decreased pregnanedio! excretion. e. Reduced response 
to metyrapone test. 
information for the Patient— See Patient Package Labeling. 2 
interactions — Reduced efficacy and increased incidence of breakthrough bleeding have been asso- 
ciated with concomitant use of rifampin. A similar association has been suggested with barbiturates, 
phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis— See Warnings on carcinogenic potential of OC's. 
Pregnancy—Category X. See Contraindications, Warnings. 
Nursing Mothers — See Warnings. 
Adverse Reactions — An increased risk of these serious adverse reactions has been associated with use of OC's 
(see Warnings): thrombophlebitis, pulmonary embolism, coranary thrombosis, cerebral thrombosis, cerebral 
hemorrhage, hypertension, gallbladder disease, benign hepatomas, congenita! anomalies. 
There is evidence of an association between the following conditions and use of OC's although additional 
confirmatory studies are needed: mesenteric thrombosis, neuro-ocuiar lesions, e.g., retinal thrombosis and 
optic neuritis. 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-related: 
nausea and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or 
less of patients during the first cycle. Other reactions, as a general rule, are seen much jess frequently or only 
occasionally. Gastrointestinal symptoms (such as abdominal cramps and bioating): breakthrough bleeding, 
spotting, change in menstrual flow; dysmenorrhea, amenorrhea during and after treatment, temporary infer- 
tility after discontinuance of treatment; edema; chioasma or melasma which may persist, breast changes: 
tenderness, enlargement, and secretion; change in weight (increase or decrease); change in cervicai erosion 
and cervical Secretion, possible diminution in lactation when given immediately postpartum; cholestatic jaun- 
dice; migraine; increase in size of uterine leiomyomata; rash Bilergich mental depression; reduced tolerance 
to carbohydrates: vagina! candidiasis; change in corneal curvature (steepening), intolerance to contact 
lenses. 
The following adverse reactions have been reported in users of OC's, and the association has been neither 
confirmed nor refuted: premenstrual-like syndrome, cataracts, changes in libido. chorea, changes in appe- 
tite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multi- 
forme, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 
Acute Overdose — Serious iil effects have not been reported following acute ingestion of large doses of OC's by 
young children. Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
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The conservative management of patients with symptoms of 
stress incontinence: A randomized, prospective study 
comparing weighted vaginal cones and interferential therapy 


Karl S. Olah, MB, ChB, Nina Bridges, MCSP, Jan Denning, SRN, and 


David J. Farrar, MS, FRCS 
Birmingham, England 


Sixty-nine female patients with symptoms of stress urinary incontinence were randomized to treatment with 
“either interferential therapy or weighted vaginal cones. Fifty-four patients completed treatment 
-(interferential therapy, 30 patients; weighted vaginal cones, 24 patients). Patients were assessed by 
~- subjective response, pad testing, continence charts, and the maximum weight of cone that could be held 
a „actively and passively. Forty-seven patients were reassessed at 6 months (19 cones; 28 interferential), five 

patients (9.26%) required surgery, and two patients (3.7%) could not be reassessed. Subjective response 

- to treatment was good, with 80% to 90% of patients cured or improved after treatment. After 6 months, 

- 41.67% in the cone group and 40% in the interferential group were subjectively cured, with improvement in 

“50% and 30%, respectively. Of those patients initially referred for treatment, >30% in each group were 
cured of symptoms. There was an objective improvement in both groups. In the cone group 50% had 
improved after treatment and >60% had improved at 6 months as assessed by pad testing, while in the 
interferential group 76% had improved after treatment and 73% had improved at 6 months. There was no 
significant difference in improvement between the two groups in any of the methods of assessment. 

However, the cones require less supervision by trained staff and can be used at home by the patient. 

Their‘use results in a savings in time for the physiotherapy department. The use of the cones is 
recommended as a cost-effective method of treatment that can be added to the present therapy options 
_» available to the physiotherapist. (Am J Osstet Gyneco 1990;162:87-92.) 


_ Key words: Stress incontinence, interferential therapy, cones 


An adequate urethral closure pressure is neces- 
sary for the maintenance of urinary continence. One 
method of improving urethral closure pressure and 
urinary control is by active exercise of the pelvic floor 
muscles. As early as 1948, A. H. Kegel”? advocated this 
approach and reported good results. Since these early 
reports, different success rates for the treatment of 
stress urinary incontinence by pelvic floor exercises 
have appeared in the literature. However, success with 
this form of treatment often depends on the instructor's 
enthusiasm and knowledge and on the patient's co- 
operation and motivation. 

Electrostimulation of the pelvic floor as an adjunct 
to pelvic floor exercises is also widely used by physio- 
therapists in the management of female urinary incon- 
tinence. The feeling of contracting the muscles of the 
pelvic floor is a useful reminder to the patient of the 
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sensation that should be perceived, and they are en- 
couraged to try to contract the pelvic floor muscles 
during treatment. The most popular and successful 
form of such treatment is interferential therapy, where 
two slightly different, medium-frequency alternating 
currents interact at the level of the pelvic floor to pro- 
duce a low-frequency therapeutic current. The results 
from this treatment are less dependent on patient co- 
operation and motivation than pelvic floor exercises 
alone, but the treatment is potentially more time- 
consuming for the physiotherapist. ; : 

Assessing a patient’s ability to use the pelvic floor 
muscles is often difficult. In many centers a digital ex- 
amination by the attending physiotherapist is used to 
ascertain whether the correct response has been taught; 
patients are asked to squeeze the vaginal muscles: 
around the examiner’s fingers. Others use a peri- 
neometer of a type developed by Kegel, which consists 
of a vaginal chamber attached to a manometer that 
measures the rise in pressure in the vagina as a result 
of perineal muscle contractions to provide a more obe 
jective assessment of pelvic floor activity. This has the 
added advantage of providing visual feedback to pa- 
tients, to encourage them to improve the strength and 
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Table I. Profile of patients in both treatment 
groups entered into study 





Interferential 
(n = 30) 






Variable 


es 
(ù = 24) 





Age (yr) 

Range 26-57 24-73 
Mean + SD 43.2 + 8.9 47.9 + 13.0 

Weight (kg) 

Range 48-80 44-98 
Mean + SD 64.7 + 8.8 67.9 + 14.1 
Within 20%. of ideal weight 47 52 

(%) 
Over ideal weight by >20% 53 48 
(%) 

Parity 
Range 0-5 1-8 
Mean + SD 22 +12 314+ 2.0 

Previous incontinence surgery 3 6 

Severity of incontinence 
<2 ml 9 (37.5%) 9 (30.0%) 
2-10 ml 5 (16.7%) 3 (10.0%) 
10-50 ml 4 (20.8%) 11 (36.7%) 
>50 ml 6 (25.0%) 7 (23.3%) 

Duration of symptoms 
0-6 mo 0 (0%) 4 (13.3) 
6-12 mo 3 (12.5%) 2 (6.7%) 
1-5 yr 11 (45.8%) 15 (50.0%) 
>5 yr 10 (41.7%) 8 (26.7%) 


selective control of the pelvic floor muscles by pelvic 
floor exercises.’ 

More recently, Plevnik’ introduced the concept of 
weighted vaginal cones as a method of stimulating the 
pelvic floor. He first showed that women could be 
trained to contract the pelvic floor muscles to retain 
cones of increasing weight in the vagina. The feeling 
of “losing the cone” from the vagina is thought to ini- 
tiate a powerful sensory biofeedback response, causing 
the pelvic floor muscles to contract around the cone to 
retain it, A clinical success rate of 60% to 70% has been 
reported with the use of the cones.° 

The aim of the current study was to compare the use 
of the weighted vaginal cones with interferential ther- 
apy in a group of unselected female patients with uri- 
nary incontinence referred to an outpatient depart- 
ment of physiotherapy for pelvic floor “re-education.” 
The patients were referred from departments of gy- 
necology and urology on the basis that clinical assess- 
ment indicated a predominant sphincter weakness. It 
was not policy at this stage to perform routine urody- 
namic assessment but to reserve this for patients with 
failed empiric treatment or those requiring surgery. 


Material and methods 

Sixty-nine patients with symptoms of urinary incon- 
tinence (predominantly stress incontinence) were en- 
tered into the trial and randomly allocated either to 
interferential therapy (36 patients) or to treatment with 
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the cones (33 patients). Patients who had been treated 
with pelvic floor physiotherapy within 6 months before 
referral were excluded, and informed consent was ob- 
tained from all those patients entered into the study. 
The two treatment groups were well matched for age, 
weight, parity, previous incontinence surgery, and du- 
ration of symptoms (see Table I). 

All patients were assessed before treatment as fol- 
lows: (1) All patients were asked to keep a continence- 
frequency chart starting a week before treatment and 
continuing throughout the course of therapy. (2) The 
cones were used to assess pelvic floor strength. Two 
measurements were obtained during this assessment: 
(a) passive cone weight, i.e., the weight of the heaviest 
cone that could be retained in the vagina for 1 minute 
while ambulatory without voluntary holding; (b) active 
cone weight, i.e., the weight of the heaviest cone that 
the patient could voluntarily retain. (3) Pad testing was 
done by a standard -hour pad test (internal report of 
the International Continence Society, Jan. 5, 1987),5 

Nine patients were excluded from the trial at this 
stage because of a failure to tolerate the cones during 
pretreatment assessment (five in the cone group; four 
in the interferential group). In seven patients (four in 
the cone group; three in the interferential group) the 
vagina was too narrow and the cones “wedged.” In one 
patient (cone group) irregular uterine bleeding pre- 
vented their use, and in one patient (interferential 
group) discomfort was experienced during use because 
of excessive scar tissue in the vagina. 

Patients treated with the weighted vaginal cones at- 
tended the physiotherapy department for supervision 
of treatment once a week for 4 weeks. In each set there 
are nine cones of equal shape and volume but of in- 
creasing weight from 20 to 100 gm (Fig. 1). The pa- 
tients were asked to try to train the pelvic floor muscles 
by actively retaining the heaviest cone possible while 
contracting the pelvic floor muscles. They were in- 
structed to do this twice a day for up to 15 minutes, 
and when they were successful on two consecutive oc- 
casions they moved to the next heaviest cone. 

Patients treated with interferential therapy attended 
the physiotherapy department three times a week for 
4 weeks. Treatment was given with the patient in a 
semirecumbent position with the hips and knees flexed. 
Four large vacuum electrodes were used, two placed 
on the abdomen and two placed on the inside of the 
thighs. An interferential current of between 0 and 100 
Hz was used, the intensity depending on the maximum 
that the patient could comfortably tolerate. Each treat- 
ment was given for 15 minutes. 

All patients were taught pelvic floor exercises, All 
assessments were repeated after treatment and at 6 
months, each assessment being performed by a single 
physiotherapist with a special interest in urinary incon- 
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Table II. Subjective response to treatment in the cone treatment group 
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Cured 4 12.12 16.67 10 30:30 41.67 
Improved 15 45.45 62.50 7 21.20 29.17" 
Unchanged 4 12.12 16.67 l 3.03 417° 
Worse 1 3.03 4.16 l 3,03 4.17 
Not assessed 9 27.27 — 2 (11% 33.34 8.34 
Surgery = — — 3 9.09 12.50 
*Number of patients referred who were not assessed at 6 months. a 
Table III. Subjective response to treatment in the interferential treatment group 
l After 6 mo 



















Cured 11.12 13.34 
Improved 63.89 76.67 
Unchanged 8.34 10.00 
Worse — 

Not assessed 16.67 — 
Surgery — 


*Number of patients referred who were not assessed at 6 months. . 


~“tinence (N. B.). In addition, all patients were asked for 
their subjective responses to treatment (cured, im- 
proved, no change, or worse). 

Nonparametric statistics were applied to the data 
(Wilcoxon’s rank sum test), and, where appropriate, 
correlation coefficients are quoted with the appropriate 
level of significance. 


Results 


Of 60 patients that commenced treatment, 54 com- 
pleted the course of therapy (24 in the cone group; 30 
in the interferential group) and six failed to attend. A 
further seven patients failed to complete a 6-month 
follow-up. Five of the patients had not improved sig- 
nificantly with treatment and had stress leakage that 
was considered severe enough to warrant surgery 
(three in the cone group; two in the interferential 
group). In addition, one patient in the cone group de- 
veloped a psychiatric disorder and was considered unfit 
for assessment, and another patient in the cone group 
died of an unrelated cause. Thus 47 patients were ac- 
tually assessed at 6 months (19 in the cone group; 28 
in the interferential group), although for the purpose 
of this trial all patients were included in the analysis of 
the percentage improvement between the groups. 

The subjective response to treatment is outlined in 








Referred Treated Referred 
(n = 36) {n = 30) in = 36) (n= 30} 
(%) (%) (%) (%) 


_provement on pad testing. At 6 months, of those pa- 











Treated. 





40.00 


33.34 

41,67 50.00 
2.78 4.34. 

16.67 6 
5.56 6.67: 


Tables I and IIL. After treatment, 79.17% of the cone: 
group (19 patients) and 90% of the interferential group = 
(27 patients) that completed treatment felt the it their 
symptoms had improved. After 6 months, fur ther i im- 
provement in symptoms was reported by 41. 1% in the 
cone group (10 patients) and 70% in the inter: ferential 
group (21 patients), while 33.3% in the cone group. 
(eight patients) and 20.9% in the interferential group 
(six patients) reported no change (these numbers in- 
clude those patients who were symptomatically cured A 
or improved and whose improvement was sustained), 
Overall, 70.83% (17 patients) in the cone group and 
90% (27 patients) in the interferential group felt that > 
they had improved. Thus approximately 40% of pa 
tients that completed treatment were cured of symp- 
toms in each group at 6 months. However, of the pa- 
tients initially referred for treatment and randomized 
for the study (69 patients), 30. 30% of patients were 
subjectively cured in the cone group and 33. 34% were 
similarly cured in the interferential group (see Tables 
H and II). 
The pad test analysis results are similar to the sub- 
jective results and are outlined in Table IV. After treat- 
ment, 50% (12 patients) in the cone group and 76% 
(23 patients) in the interferential group showed anim 















Table IV. Pad test results 






Weight of urine lost (gm) 
(mean + SD) 


Cone group 





Enterferential 
group 





Before treatment 27.7 + 38.8 32.2 + 49.1 
After treatment 14.0 + 36.7 10.5 + 17.3 
After 6 mo 2.8 + 83 9.7 + 28.4 
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Table V. Continence chart results 











Weekly leakage (gm) 
(mean + SD) 





Interferential 






Cone group 
Before treatment 22.0 + 31.4 19.3 + 22.6 
After treatment 8.2 + 14.5 7.7 + 11.7 
After 6 mo 3.9 + 9.4 5.3 + 9.2 





tients completing treatment, 58% (14 patients) in the 
cone group.and 73% (22 patients) in the interferential 
group had improved since the’ pretreatment assess- 
ment: There was no statistical difference between the 
two groups in the decrease in urine loss assessed by 
pad testing after treatment (0.1 > p > 0.05) or after 6 
months (0.2 > p > 0.1). The pad test results correlated 
well with the continence chart results for both the cone 
group (r = 0.4125, 0.05 > p > 0.02) and the interfer- 
ential group (r = 0.3916, 0.05 > p > 0.02). 

The continence charts in each treatment group 
showed a significant improvement after treatment and 
at.6 months (see Table V). After treatment 83.3% of 
patients in the cone group and 60% of patients in the 
interferential group showed an improvement in weekly 
urinary leakage, and 41.67% of patients in the cone 
group and 33.34% in the interferential group had no 
leakage charted after treatment. There was no signif- 
icant. difference in improvement between the two 
groups (0.5 > p > 0.2). In those patients assessed at 6 
months there was a further reduction in mean weekly 
leakage in each group, although the amount was not 
significant (cone group, 0.2 >p > 0.1; interferential 
group, 0.5 > p > 0.2). Thus 84% of patients in the cone 
group and 61% in the interferential group had a re- 
duction in urinary leakage. Of those patients complet- 
ing treatment, 50% of patients in the cone group and 
40% in the interferential group had no leakage at 6 
months. 

There was a significant increase in the weight of cone 
that could be held passively and actively in the vagina 
after treatment in each group. (Tables VI and. VID). 
There was no significant difference in the overall im- 


provement in weight of cone that could be held in 
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Table VI. Results of active cone testing 





Weight of cone held (gm) 
(mean + SD) 













Interferential 






Cone group 


Before treatment 47.1 + 20.7 40.7 + 22.9 
After treatment 65.0 + 23.9 56.0 + 27.1 
After 6 mo 53.7 + 32.7 51.7 + 27.0 


Table VII. Results of passive cone testing 






Weight of cone held (gm) 
(mean + SD) 


37.5 + 22.3 
43.7 + 22.8 
36.3 + 25.0 









Interferential 
group 





30.7 + 22.1 
44.0 + 25,8 
36.7 + 25.4 
aaia 


Before treatment 
After treatment 
After 6 mo 


each group on passive (0.2 >p>0.1) and active 
(0.5 > p > 0.2) assessment. 

In the patients treated with interferential therapy 
there was no correlation between the reduction in urine 
lost on pad testing and the improvement in the 
weight of cone that could be held in the vagina ac- 
tively (r = —0.0195, p > 0.5) or passively (r = 0.0876, 
p > 0.5). However, in the cone group there was a 
significant correlation between the reduction in urine 
loss and the improvement in weight of cone that 
could be held passively (r = 0.4091, 0.02 < p < 0.05). 
The correlation with the weight of cone that could 
be held actively was not significant (r = 0.3553, 
0.1 > p > 0.05). 

By the nature of the method of treatment, patients 
treated with interferential therapy spent more time in 
the physiotherapy department than patients treated 
with the cones. In addition, more time was spent with 
each patient by the physiotherapist in the instruction 
and supervision of treatment (time spent with each pa- 
tient, 184.9 + 13.4 minutes (mean + SD); range = 
177 to 230 minutes). After the initial instruction and 
assessment, treatment with the cones is on an outpa- 
tient basis with patients using the cones at home and 
following specific guidelines. Thus the amount of time 
spent by the physiotherapist in treating each patient is 
significantly reduced (time spent with each patient, 
36.3 + 12.3 minutes (mean + SD); range = 20 to 60 
minutes; p < 0.001). 


Comment 

Pelvic floor physiotherapy plays an important part in 
the management of cases of stress incontinence. Pelvic 
floor exercises alone are a safe, simple treatment with 
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Weighted vaginal cones and interferential therapy 





Fig. 1. A set of weighted vaginal cones. Each cone has an attached nylon thread at its apex to facilitate 
its removal. 


a cure rate of around 25%.’ Kegel first recognized the 
importance of biofeedback techniques in the “re- 
education” of the pelvic floor musculature, and it is 
accepted that the results of treatment can be improved 
with such assistance.** Kegel’s original biofeedback de- 
vice, the perineometer, has the disadvantage of mea- 
suring intra-abdominal pressure in addition to the pres- 
sure rise resulting from pelvic floor contractions. A 
recently developed biofeedback therapy, weighted vag- 
inal cones, was first described by Plevnik’ in 1985. Their 
use is reported to be associated with a 70% cure or 
improvement and a reduction in the number of patients 
requiring bladder neck surgery.”" 

Interferential therapy used alone has been shown to 
be an effective treatment in patients with genuine stress 
incontinence” and is a useful adjunct to pelvic floor 
exercises. A 36% cure rate has been reported with its 
use.” 

In this study patients with symptoms of stress incon- 
tinence were treated with pelvic floor exercises and ei- 
ther weighted vaginal cones or interferential therapy. 


The aim of the trial was to compare two methods of 


treatment in unselected patients referred to the de- 
partment of physiotherapy, and those patients entering 
the study were not urodynamically assessed. In general 
it is desirable that all female patients who are suspected 
“tö have incontinence as a secondary result of sphincter 
weakness be investigated dynamically, but in practice 


the numbers of patients preclude this and many pa- 
tients are cured by simple, nonsurgical techniques. 

Patient compliance was good, with only six patients 
failing to complete their treatment (four in the cone 
group; two in the interferential group). In addition, 
however, five patients in the cone group and four in 
the interferential group could not use the cones. There- 
fore 22% (15 patients) originally randomized to the 
study did not undergo a full course of treatment (27% 
in the cone group and 16% in the interferential group). 
Thus, although 41.67% of patients in the cone group 
and 40% of patients in the interferential group that 
completed treatment were cured of symptoms after 6 
months, only 30.3% and 33.34%, respectively, of those 
originally referred for treatment were cured of symp- 
toms. However, the proportion of patients cured is 
greater than that previously reported for treatment 
with pelvic floor exercises alone. The results are con- 
sistent with those previously reported for interferential 
therapy” and indicate that the use of the cones gives 
very similar results. This was borne out by objective 
assessment of the two methods of treatment. 

It is interesting to note that the improvement in 
weight of cone held passively in the cone group cor- 
relates with the reduction in urine lost on pad testing 
while the improvement in the weight of cone held ac- 
tively does not. A similar result has been reported 
previously® and indicates that the resting pelvic Hoor 














tone may be more important for the maintenance of 
urinary continence than strength on active contraction. 
Active and passive pelvic floor strength measured with 
the cones does not correlate with improvement on pad 
testing in the interferential treatment group. This may 
be because those patients treated with the cones have 
been trained to respond to the presence of the cone in 
the vagina. In those patients treated with interferential 
therapy the biofeedback response is not developed, and 
the sensation of “losing the cone” does not initiate the 
pelvic floor contraction. Thus, despite an improvement 
in continence, the assessment of pelvic floor strength 
with the cones is of little value in the interferential 
group. In both treatment groups there was an increase 
in the weight of cone that could be held actively and 
passively after treatment, with a slight reduction after 
6 months. However, improvement in continence in the 
majority of patients was sustained. This may be a con- 
sequence of the use of the cones, and thus their use in 
pelvic floor assessment is part of a learned response or 
reflex. The assessments after 6 months were under- 
taken after no other treatment except continuing pelvic 
floor exercises, and thus the assessment with the cones 
bore little relation to the change in continence. 

Patients treated with the cones required much less 
supervision by the physiotherapist and spent much less 
time at the hospital department than those patients 
treated by interferential therapy. This represents a sav- 
ing in time by the physiotherapy department, and treat- 
ment is thus very cost-effective. Treatment is effectively 
performed at home, with initial supervision by a phy- 
siotherapist in the hospital department. The treatment, 
having evolved from the principles of biofeedback tech- 
niques such as perineometry, combines the effective- 
ness of such methods with a practical method of ap- 
plication. The cost of treatment could be reduced fur- 
ther if individual cones could be purchased. This is 
because the average “operating range” of the cones is 
20 to 60 gm. 

Although a useful form of treatment, the cones are 
not suitable for all patients. There was a group of pa- 
tients (n = 9) in whom the cones could not be used 
either because the cones were too large or too small in 
relation to the vagina or in one case irregular uterine 
bleeding precluded their use. In addition, this form of 
treatment may not be acceptable to all patients, and this 
may be reflected in those patients who fail to complete 
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treatment. However, the general response to the cones 
was good, with the majority of patients finding them 
acceptable. 

Pelvic floor physiotherapy is an effective form of 
treatment for patients with stress incontinence. Its use, 
properly conducted and supervised, results in a re- 
duction in the number of patients requiring surgery 
for stress incontinence. For this purpose, the use of the 
cones is recommended as a cost-effective method of 
treatment that can be added to the present therapy 
options available to the physiotherapist. 


We express our gratitude to Mr. J. R. Pogmore, Mr. 
H. Gee, Mr. P. G. Needham, Mr. J. Cruikshank, and 
Mr. C. H. Young for allowing us to study patients under 
their care. 
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Mechanical performance of square knots and sliding knots in 


surgery: A comparative study 


Evert J. C. van Rijssel, MD, J. Baptist Trimbos, MD, PhD, and Maurits H. Booster, MD 
The Hague and Leiden, The Netherlands 


Various square knots, sliding knots, and surgeon’s knots in mono- and multifilament suture material of 
different diameters were tested with respect to knot strength and knot security. Loop holding capacity of 
knots varied from 37.2 to 149.8 N, depending on the kind of knot, knot configuration, kind of suture, suture 
structure, and suture dimension. On the whole, square knots proved to be more reliable than sliding knots. 
Knot performance of surgeon's knots was not better than that of square knots. Knot security of three-throw 


sliding knots and two-throw square knots and surgeon’s knots was rather poor. These knots cannot be 
recommended for clinical use. In smaller diameter mono- and multifilament suture material, knot 
performance of sliding knots that contained one extra throw was identical to that of square knots. It is 
concluded that the outcome of the comparison of square knots and sliding knots depends on knot 
configuration, suture material, and suture size. The implications of these laboratory findings for clinical use 


are discussed. (AM J OssTeT GYNECOL 1990;162:93-7.) 


Key words: Square knots, sliding knots, knot performance, sutures, biomaterials 


Surgical knots are recognized as important elements 
of surgical performance and surgical technique. During 
most operations many knots are made and knot tying 
consumes a substantial part of the duration of virtually 
all surgical procedures.’ Furthermore, the knot should 
be regarded as the weakest link in any knotted suture 
loop, regardless of the knot configuration and the kind 
of suture material used.’ Last, but not least, foreign 
body tissue reaction is most pronounced at the knot 
site because it represents the highest density of foreign 
body material’ and provokes the greatest amount of 
trauma to the adjacent tissue layers.’ 

All surgical knots can be divided into two groups: (1) 
flat knots, consisting of square knots, surgeon’s knots, 
and granny knots and (2) sliding knots, consisting of 
identical, nonidentical, and parallel sliding knots.’ 
Comparison of these three types of sliding knots 
showed identical sliding knots to be significantly infe- 
rior to the other two kinds of sliding knots.’ Significant 
differences between nonidentical and parallel sliding 
knots were not demonstrated.’ The relationship be- 
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tween the configuration of these knots and the knot- 
tying technique is discussed elsewhere. Square knots 
and nonidentical sliding knots are by far the most fre- 
quently used knots in surgery. Sliding knots have often 
been condemned as far inferior to square knots,” but 
a systematic comparison of the two knots with respect 
to their mechanical properties has not been per- 
formed. This article provides the results of such a com- 
parison. 


Material and methods 


The nonidentical sliding knot was selected as the 
most frequently used and most practical and preferable 
sliding knot. Square knots and surgeon’s knots were 
selected to represent flat knots. Ten different knots 
were tested: three-, four-, and five-throw sliding knots 
were compared with two-, three-, four-, and five-throw 
square knots and to two-, three-, and four-throw sur- 
geon’s knots. Examples of three-throw nonidentical 
sliding knots, square knots, and surgeon’s knots are 


` given in Fig. 1. 


To test these knots resorbable multifilament polygly- 
colic acid (Dexon-Plus, Davis and Geck, Danbury, 
Conn.) and resorbable monofilament polyglyconate 
(Maxon) were used. Suture sizes were 3-0 and 0 United 
States Pharmacopeia (USP). Every combination of knot, 


_ suture, and suture size was tested 10 times to bring the 


total number of experiments to 400. Before testing, 
every suture was soaked in a human plasma solution 
for 15 minutes. All knots were tied on a fixed mandril 
and snugged down with maximum force. The ears of 
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SxSxS 


1=1=1 


2=1=1 


Fig. 1. Knot configuration of three-throw nonidentical sliding knot (S x S x 5), square knot 
(1 = I = 1), and surgeon’s knot (2 = 1 = 1). Knot code used is explained elsewhere.” 


the knot were cut 2 to 3 mm long: The suture loops 
were placed over two polished axles in a tensometer 
and pulled apart at a constant rate of 5 mm/min unul 
knot breakage occurred or the knot slipped loose. Ten- 
sion applied to the suture loop was recorded in new- 
tons* by means of a transducer. 

Knot failure was defined as breach of the knot or 
slippage >2 to 3 mm and expressed by the loop holding 
capacity in newtons. 

Secure knots were defined as knots that reached knot 
failure by knot breakage in 9 of 10 cases. The mean 
loop holding capacity and SD of 10 experiments were 
used for statistical analysis. The Student ¢ test on sam- 
ples corrected for differences in SD was used for com- 
parison means. 


Results ra 

Table I contains the mean loop holding capacity val- 
ues and SD of the different combinations tested. Loop 
holding capacity values differed widely, depending on 
kind and size of suture and configuration of knot 
(range, 37.2 to 149.8 N). The percentage of knots that 
reached knot failure by knot breakage is shown. in 
Table II. The three-throw nonidentical sliding knot 
(S x S x S), two-throw square knot (1 = 1), and two- 
throw surgeon’s knot (2 = 1) were found to be very 
insecure, which makes them unreliable for clinical pur- 
poses (Table II). 

For all knots and suture types it could be shown that 
the loop holding capacity improved by approximately 
100% when suture size was increased by two gauges (3- 
0 to 0) USP (Table I). g 
. Comparison of knot strength and knot security be- 


*Newton, the force that, when acting continuously on a mass 
of 1 k, will impart to it an acceleration of 1 m/second per 
second. 


tween mono- and multifilament suture material showed 
the 2 = 1 knot to be very unreliable with the use of 
greater size monofilament suture material (Tables I and 
II). Apart from this exception, monofilament polygly- 
conate showed superior knot strength, as compared 
with multifilament polyglycolic acid (Table I). 

Addition of extra throws to four-throw sliding knots 
(S x S x S x S), three-throw square knots (1 = 1 = 
1) and three-throw surgeon’s knots (2 = 1 = 1) did not 
improve mean knot strength (Table I) nor the per- 
centage of secure knots (Table II). 

Comparison of square knots and sliding knots that 
contained the same number of throws showed knot 
performance of square knots to be superior for every 
combination of suture material and suture size (Tables 
I and II). Comparison of square knots with sliding knots 
that contained one extra throw (e.g., 1 = 1 versus 
S x S x S) showed a different picture (Table ITI). In 
the 0 USP group, square knots were found to be sig- 
nificantly stronger for almost every combination tested. 
In the 3-0 USP sutures, knot strength of square knots 
and sliding knots with an extra throw were identical 
(Table III). This difference between suture size was 
equally true for both the monofilament and multifila- 
ment suture material tested (Table III). Comparison of 
knot performance between square knots and surgeon’s 
knots showed surgeon's knots to be superior only when 
knot 2 = 1 was compared with 1 = 1 with the use of 
0 USP polyglycolic acid (Table 1). In every other com- 
bination the results were identical or the performance 
of square knots was better (Table I). 


Comment 


Sliding knots have often been condemned in the sur- 
gical literature as dangerous and invariably inferior to 
square knots. ° This seems not to be the case. It has 
been shown that sliding knots are routinely used in 
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Table I. Mean. loop holding capacities + 1. SD. of 10 experiments. of different knots inade with resorbable 
_ multifilament polyglycolic acid (Dexon Plis) and resorbable monofilament olyglyconate (Maxon) with 
different suture sizes _ Poi Os So ie E A E E ER 












Da o and. size 






Coated polyglycolic. acid» Polyglyconate 





Knot code* 


Nonidentical sliding 


knots pe . AE a a oe Siit ` 

sxSx5 39.5 + 9.0 F 72.8 +-22.7. Ga 52.0 +°7.8 71.6 + 27.8 

SXSxSxS : 46.6 + 6.0 - 83.8 4.11.4 , 60.4 + 6.0 119.3 + 25.7 
SxSxsxsxs.- 459444 -. 95.5 +78. > l 61.3 +.7.7 121.1 + 17.6 
Square knots i a ve ge” n Pon a A 3 

=] 38.9 + 2.3 7 6,3, + 7.0 49.9 + 5.3. 121.4 + 10.0 

1=1l=1]1 46.9 + 3.7 . . IOO +84 +. 64.14+.5.2 . 143.2 + 12.1 

L=l=1=1 45.2 + 4.0 -107.14+-6.2 > 66.4 + 4.4 147.8 + 12.9 

l=l=l=1l=1 4584+520  . ~ 102.2+647 - ° - 68.8 + 4.6 149.8 + 12.0 
Surgeon’s Knots 7 : . ie 3 g - . ` 

2=1 42.3 + 29 “107.8 + 18:85 =" 87.2 + 19.0 49.4 + 20.9 

2=1=1 A 42.1.4 3.8. g 103.6 + 5.0 , 68.8 + 9.4 143.4 + 10.0 

2=1]=sl=] 7° 42.8 +:4.7 103.8 + 7.3 © 65.3 + 6.6. 146.6 + 16.4 





*Knot code used is explainedelsewhere.” 






Table n. B of knots that reached knot failure by knot breakage out tof 10 ‘experiments. 


A Percentage of knots thal broke at knot failure 










Coated inva a acid ` 


- Polyglyeonaië 


Knot code* l 


Noitidentical sliditig” 


knots ae Es : “ Boe ah oe 
SxSxS_. -a 6 Fp 80 - 80° 30 
SxSxSxS MRS QO aes 40°... 90, Lo $0 
SxSxSxSxS 7 900 OE e ; 100 ` 100 
f Squate knots : Bde dk mets Ape t ; Pa 
© lel. ok A : 20 epas 10 ~” 30 ; 30 
rais] ; 100 po o 100 o’ 90 80 
l=l=1l=1 100 | "gay <* 100 ‘- 100 100 
-leilsl=1=1° 100° - > 100°. fn Be 100. ; 100 
*. Su urgeon’s knots f Sia SE i 
Qe) | 70 z a ae 30 -> ; 0 
2=1]=1 : ©oa, 100 ae © 100 7° 90 90 
2=bel=l "| l 100 ‘ 17 * 100 ° o” - 100 i 190 


_*Knot code used is explained elsewhere.” 


Table il. Statistical analysis of denaii in n lod holding capaċitiés of three-, fouk, and five-throw 
nonidentical sliding knots and two-, three-, and four-throw square knots with different suture material 









Suture material ` 





Codes of knots tested*} 


3-0 USP eek. E ; 2. eee nè 

lel. versus | 8XSXxS o NS : NS 
l=l1=] -7 versus. §SXSXSXS > ` <- NS i NS 
l=l]1=l]1=] versus ` S XSXSXSXS i “NS. NS 

0 USP see ee a O AR, 

Isl? (+) versus  SXSXS. > NS p< 0:01 (1 = 1) 
1=)2i versus .SXSXS*S | p<005(1=1#1) p< 0.05 (1 = 1 = 1) 
l=l=]=], . versus.  SXS§X5XS `- p<005(L=l=l=1)  p<00(=1=1=1 








*Knot code of knots that were significantly stronger are mentioned between brackets. 
TKnot code used is explained elsewhere.” 7 : 


96 van Rijssel, Trimbos, and Booster 


everyday surgery far more frequently than are square 
knots.” The reasons for this finding also have been 
explained.® Comparison of knot strength between non- 
identical sliding knots and square knots that contained 
one throw fewer was found to-be dependent on suture 
size. With the use of thicker gauge sutures (0 USP), 
square knots proved to be superior in every combina- 
tion, as was the case when square knots and sliding 
knots of an equal number of throws were compared. 
When using small-diameter sutures (3-0 USP), knot 
strength of square knots and sliding kriots with an extra 
throw was identical, irrespective of the structure of the 
suture material used. In this situation sliding knots 
could be considered comparable to square knots, be it 
that one extra throw foreign body material was to be 
added into the wound. This seems acceptable because 
it has been calculated that the addition of one extra 
throw to a three-throw nonidentical sliding knot in- 
creases the total knot body by no more than approxi- 
mately 20%.” This theoretical drawback should be 
weighed against the distinct practical benefits of sliding 
knots with respect to surgical technique.‘ 

A few additional findings of our study deserve at- 
tention. It has been shown that knots that reach knot 
failure by unraveling do so at unpredictable loop hold- 
ing capacity values and at invariably lower loop holding 
capacities than those of sécure knots that break at knot 
failure." Therefore, 2 = 1, 1= 1, and SxSxS 
knots should not be. used in surgery with the modern 
monofilament or codted multifilament sutures. Knot 
performance is too unreliable. Furthermore, surgeon’s 
knots do not seem to provide an advantage over square 
knots with respect to knot strength and knot security. 
The only benefit of a surgeon’s knot is when there is a 
high risk of tearing a suture through delicate tissue. 
The first throw of a surgeon’s knot does not slip easily 
and stays.fixed by the grace of the double-winded first 
throw: without the need to pull one or both suture 

` strands tight while the second throw is tied. This prac- 
tical benefit to prevent slippage of the first tie is an in- 
trinsic property of surgeon’s knots.and one of three 
ways to keep the first throw of a knot in place. However, 
froma mechanical point of view, a surgeon's knot does 
not offer advantages over a square knot and therefore 
should not be considered as a superior kind of square 
knot. Knot performance of the 2 = 1 surgeon’s knot 
made with monofilament sutures was extremely poor. 

It remains difficult to extrapolate the findings of an 
experimental laboratory study to the clinical situation. 
Too little is known about the exact forces that a knotted 
suture thread must be able to resist in the human body. 
Apart from this lack of knowledge there is a wide in- 
dividual variation with which to reckon. However, there 
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are data on the holding power of various tissues in the 
human body against individual sutures. In the alimen- 
tary tract the tissue holding power against seromuscular 
sutures has been found to vary from 10.39 N (esoph- 
agus) to 18.41 N (stomach) and 21.97 N (colon).” 
Boerema”? showed that the aponeurotic tissues of the _ 
anterior abdominal wall disrupted at pulling forces of 
68.7 to 107.9 N. Tissue strength relative to pulling 
forces of the anterior and posterior walls of the inguinal 
canal varied from 51.9 to 67.7 N.™ Until more is known 
about the exact magnitude of forces on surgical sutures 
in vivo, it seems advisable to ensure that a knotted sur- 
gical suture is at least as strong as the tissue it surrounds. 
For résorbable sutures it may be worthwhile to make 
the suture a factor stronger than the tissue, depending 
ón the resorption rate of the suture material used. 
When the gauge of a particular suture is increased by 
two steps USP, the knot holding capacity will also in- 
crease by about 100%.' Such knowledge, together with 
detailed information about knot profiles of different 
sutures and different kinds of knots, should be the basis 


` of a rational choice of suture dimension and kind of 
_ knot in any surgical situation. 


. It should be concluded that knot jeroan of 
square knots is better and more reliable than that of 
nonidentical sliding knots. However, this difference 
seems dependent not only on kind, of suture and its 
mono- or multifilament structure, but also on suture 
size.. With the use of thicker gauge sutures in rigid 
tissues under tension such as the abdominal wall fascia, 
the tying of square knots seems advisable. When using 
small diameter sutures, nonidentical sliding knots se- 
cured with one extra throw should be considered an 
equivalent alternative to square knots. Sliding knots 
might be preferable under those circumstances because 
they are more easily made and are more practical in a 
clinical situation. In vaginal surgery and other deep- 
seated operating fields, sliding knots are also preferable 
from a technical point of view.* Nonidentical sliding 
knots that contain at least four throws should then be 
made. 
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Successful pregnancy and normal delivery with Marlex mesh 
replacement of the abdominal wall 


Yossef Ezra, MD, Michael M. Krae MD, » Avraham Rivkind, MD, and 


Shaul O. Anteby, MD" 
Jerusalem, Israel 


A case of a woman who underwent a wide excision of an abdominal wall desmoid tumor is reported. The 
lesion was covered with Marlex mesh, and she went through an uncomplicated pregnancy and successful 
delivery. Management is described and discussed. (Am J OBsTeT GYNECOL 1990;162:97-8.) 


Key words: Delivery, desmoid tumor, Marlex mesh, pregnancy 


Extensive tumors of the abdominal wall, primary or 
metastatic, are relatively rare. Usually, they originate 
from the skin and soft tissues, or from abdominal or- 
gans, mainly the large bowels. Since their biologic man- 
ner is unpredictable, a wide surgical eradication is un- 
avoidable, thus producing large defects of the abdom- 
inal wall. 

Reconstructing these defects may be technically trou- 
blesome when accepted methods of autogenous flaps 
or wide relaxing incisions have been used. Implantation 
of prosthetic material is currently used to provide wide 
excisions with large tumor-free margins and to avoid 
recurrent incisional hernias or wall weakening and sep- 
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aration. One of the popular materials is Marlex mesh, 
which is monofilamentous and biologically inert.” ? 
Pregnancy and delivery exert a special challenge to 
the abdominal wall integrity of a woman with such large 
defects. We present the first reported case of a woman 
with Marlex mesh replacement of the abdominal wall 
who had a normal pregnancy and a successful delivery. 


Case report 

A 35-year-old woman, gravida 4, para 3, was ex- 
amined in the surgical department; she had an anterior 
abdominal wall desmoid tumor, originating from the 
muscles and protruding into the peritoneal cavity. Al- 
though wide excision was performed, the tumor re- 
curred 3 years later. It was reexcised, and reconstruc- 


_ tion of the abdominal wall was performed with mer- 


silene mesh. Two and a half years later, recurrence of 
tumor was suspected and computerized tomography 
demonstrated three distinct lumps, 2, 7, and 4 cm in 
diameter, respectively, ocuEyie the abdominal wall 
musculature. 

_ The surgical management consisted of a wide exci- 
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sion of the tumor and its surroundings (15 x 13 cm), 
leaving behind a large tumor-free margin. This huge 
defect of the abdominal wall was reconstructed with 
Marlex mesh, which was attached by Vicryl sutures to 
the fascia‘and covered only by skin. 

` Two years later and after careful exclusion of exis- 
tence of tumor by abdominal ultrasonography and 
computerized tomography, she was allowed to conceive. 
During pregnancy she was followed up monthly at the 
antenatal clinic, and bimonthly ultrasonography of the 
abdominal wall was performed to confirm abdominal 
wall integrity. At the thirty-ninth week of gestation she 
was admitted to the antenatal care unit for considera- 
tion of the possibility of vaginal delivery. By physical 
' examination and ultrasonography of the abdominal 
wall, we did not find any weakness of the attached mesh 


and a decision was made to allow her a careful trial of , 


labor. - 

A week after admission, spontaneous delivery began. 
Continuous monitoring of the fetal heart rate through- 
out labor was performed by an electronic monitor with 
an external transducer; there were no technical diffi- 
culties. 

Vacuum extraction was performed at the second 
stage of labor because of lack of bearing-down efforts. 
A normal female infant was born, with Apgar scores 
of 9 and 10 and a birth weight of 2730 gm. 

The postpartum course was uneventful and ultra- 


sonographic examination of the abdominal wall re-. 


vealed no damage to the abdominal wall integrity. 


Comment 


Reconstruction of large abdominal wall defects in the 
fertile woman must meet objectives such as prevention 
of separation and preservation of reproductive ability 

with maximum safety for the mother and her fetus. 

Expansion of the uterus within the abdominal cavity 
during pregnancy produces an increased intraabdom- 
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inal pressure toward the abdominal wall. This tension 
is much more extensive when delivery takes place; thus 
a weakness of the abdominal wall fascia may result in 
an evisceration, which may be ominous. 

The use of prosthetic materials such as Marlex mesh, 
may permit a normal pregnancy and vaginal delivery 
even after extensive resection of tumors involving the 
abdominal wall. oO 

A close follow-up during pregnancy is directed to- 
ward early detection of formation of new defects, es- 
pecially near the margins of the replaced area and par- 
ticularly during the last trimester of pregnancy, when 
the expansion rate of the uterus is accelerated. The 
flexibility of the mesh must meet the need for accom- 
modation during labor when tension is much more pro- 
nounced. The mesh cannot compensate for the work 
of the rectal muscles in bearing down during the second 
stage of labor, thus instrument assistance may be re- 
quired. Fetal heart rate assessment, either by intermit- 
tent auscultation or by the external ultrasonographic 
transducer of the electronic monitor, is not imernupiga 
by the mesh. 

The possibility of cesarean section must be consid- 
ered only for pure obstetric indications. If needed, the 
procedure must be performed by an experienced ob- 
stetric surgeon who is familiar with the mesh replace- 
ment technique. 
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Lasting response to ovariectomy in severe intractable 


premenstrual syndrome 


P. Casson, MD, P. M. Hahn, MSc, D. A. Van Vugt, PhD,* and R. L. Reid, MD* 


Kingston, Ontario, Canada 


A total of 14 women with severe premenstrual syndrome unresponsive to conservative medical therapy 
were treated with danazol in doses sufficient to suppress cyclic ovarian steroidogenesis. In each case 
medical ovarian suppression resulted in complete relief from symptoms. For ongoing symptom relief, each 
woman elected to undergo bilateral ovariectomy and concomitant hysterectomy. Both medical ovarian 
suppression and ovariectomy with low-dose conjugated estrogen therapy afforded lasting relief from cyclic 
symptoms of premenstrual syndrome and a corresponding improvement in overall quality of life. We 
conclude that cyclic ovarian steroidogenesis is a powerful determinant for the expression of premenstrual 
symptomatology. Ovariectomy with low-dose estrogen replacement is an effective alternative for the 
woman with debilitating premenstrual syndrome who does not respond to conventional interventions. (Am J 


Osstet GYNECOL 1990;162:99-105.) 
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The majority of women of reproductive age have 
some physical or emotional cues that alert them to im- 
pending menstruation. A small percentage report their 
recurrent luteal phase symptomatology to be severe 
enough to result in deterioration of interpersonal re- 
lationships and interference with normal activities — 
so-called premenstrual syndrome (PMS).' 

Despite reports that attest to the effectiveness of med- 
ical ovarian suppression for the treatment of severe 
intractable PMS,** this approach to the treatment has 
been decried as ineffectual and misdirected.’ Left un- 
challenged such statements not only blur our concep- 
tualization of the important link between ovarian ac- 
tivity and PMS but also cast aside a therapeutic ap- 
proach that might afford substantive and lasting relief 
to a small segment of the PMS population in whom 
available medical interventions have failed to restore 
normal functioning. 

This investigation was conducted to determine the 
impact of elimination of cyclic ovarian steroidogenesis 
in a group of women with severe debilitating premen- 
strual symptomatology unresponsive to conventional 
interventions. 
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Methods 


Between January 1, 1982, and January 1, 1987, 485 
patients were evaluated and treated in a tertiary refer- 
ral reproductive endocrine clinic for disruptive pre- 
menstrual symptomatology, which they rated in severity 
from moderate to extreme. From this population we 
reviewed prospective symptom records of 14 patients 
with, severe debilitating PMS unresponsive to conven- 
tional interventions who, after a trial of medical ovarian 


. suppression with danazol, opted for lasting elimination 


of ovarian cyclicity by a surgical approach. 

Initial evaluation of patients who attended our 
clinic consisted of a complete medical history, phys- 
ical examination, and appropriate blood work to rule 
out other disorders. Patients were asked to maintain 
detailed prospective records of the impact and se- 
verity of menstrual symptoms (PRISM calendars) 
for two complete menstrual cycles. This allowed 
detailed assessment of the time course, severity, 
and lifestyle impact of symptoms.’ ë Research di- 
agnostic criteria for PMS, established in our clinic, 
use total PRISM calendar scores for the intermen- 
strual (late follicular) week (I score) and the pre- 
menstrual week (P score) and the increment between 
I and P scores. An I score <50 with a P score >50 
and a minimum 30% increment has been used to 
differentiate subjects with PMS both from normal 
controls (I and P scores <50) and from those with 
more chronic mood and behavioral disorders (I and 
P scores >50). 

Each PMS patient received counseling about a range 
of therapeutic options that included stress reduction 
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Fig. 1. Mean daily (upper panel) and monthly cumulative (lower panel) symptom scores for 14-women 
with severe PMS. Baseline (solid line), danazol treatment (closed circles), postdanazol (open circles), and 
_two postoperative months (dotted lines) are represented. Day 0 is first day of menses for spontaneous ` 


cycles or start of calendar month for danazol and pas gaat cycles. o ; 


through lifestyle modification, epilation of diet, ex- 
ercise, and participation in an individual or group 


counseling program conducted by a collaborating clin- - 


ical psychologist for women-and their families, Several 
traditional medical interventions were’ used in our 
clinic and included progesterone vaginal suppositories 
(in a double-blind, placebo-controlled trial reported 
previously’), pyridoxine, prostaglandin synthetase in- 
‘hibitors, alprazolam, spironolactone, and antidepres- 
sants. Our consentional approach has been detailed 
elsewhere.’ : Rear 
None of the above interventions restored:a satisfac. 
tory level of functioning for the 14 patients in this re- 


port, and because of the severe nature of their im- . 


pairment they elected ‘to participate in a University 
ethics—approved trial of ovarian suppression with dan- 
azol (200 mg_orally twice daily). Danazol dosage was 
increased until amenorrhea ensued. Patients were en- 
couraged to continue this medication: for a sufficient 
interval, often 6 to 9 months, to ensure.a lasting benefit 


. from ovarian suppression. Thereafter, danazol thérapy 


was discontinued to-allow restoration of menstrual cy- 
clicity. If there was an Obvious return of pretreatment 
levels of lifestyle disruption and if fertility aspirations 
were complete, then ovariectomy and concomitant: hys- 
terectomy were reviewed as a therapeutic option. After 
full and informed consent, the 14 study participants” 
opted for bilateral ovariectomy. Concomitant abdomi- 
nal hysterectomy was recommended to avoid the pos- 


‘sible return of PMS-like symptoms (as has beerni ob- 


served by others® °) when cyclic progestin therapy is 
added to estrogen replacement. Menopausal symptoms 
were alleviated postoperatively by conjugated estrogens 
(Premarin) 1.25 mg orally on.a continuous basis with 
no cyclic progestin. All patients were asked to complete 
two PRISM calendar records in the first year after 
surgery. — 

Scoring and data analysis. Symptoms from the 
PRISM calendar were subdivided into three categories 
to allow separate determination of physical, psycholog- 
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Table I. Groupings of factors from prospective PRISM calendar records used for analysis 


Physical symptoms |___Payecholagical symptoms symptoms Lifestyle impact 


Fatigue Irritability 
Insomnia Anger 
Edema Labile mood 
Mastalgia Depression 
Abdominal bloating Restlessness 
Altered appetite Anxiety 


Altered bowels 
Altered sexual drive 


Lack of control 
Feeling unattractive 


Wish to be alone 

Time off work 

Neglect housework 
Disorganized, distractable 
Accident prone, clumsy 
Uneasy about driving 
Suicidal thoughts 

Stayed at home 
Increased use of alcohol 


Chills, sweats Guilty 

Headaches Unreasonable behaviour 
Cravings for sweets, salt Low self-image 

Nausea ` 


ical, and lifestyle impact scores (Table I). Ordinal scales 
that reflected the subjective severity of symptoms on a 
prospective basis were used to monitor response to 
therapy and to allow presentation of mean data for the 
study group. Maximum possible daily scores for each 
category were: 28 for physical, 33 for psychological, 
‘ and 10 for lifestyle impact. For the purpose of this 
study, menstrual cramp scores were given a daily rating 
from 0 to 3 and were analyzed separately. Daily mean 
symptom and lifestyle-impact scores were compared for 
the five periods: one baseline (pretreatment) cycle, one 
month while taking danazol, one month after cessation 
of danazol, and two months in the year after surgery. 
Cumulative scores for these periods were compared 
with the Freidman two-way analysis of variance. 


Results 


All 14 women in this study were white. Mean age was 
35.1 years (range, 27 to 42) and mean parity was 1.8 
(range, 0 to 3) at the time of referral for PMS. In clinic 
these patients uniformly stated that adverse psycholog- 
ical symptoms had the greatest negative impact on life- 
style although headache, insomnia, and fatigue were, 
at times, severe. Major distressing psychological symp- 
toms reported were depression, anger, and irritability 
that resulted in feelings of loss of control, guilt, and 
low self-esteem. A desire for isolation from family and 
friends and evidence of marital strain were uniformly 
reported and recurrent premenstrual suicidal ideation 
was noted in all but four women. ; 

The timing and intensity of symptoms (mean + SE 
total late follicular phase week score of 23.8 + 6.9 and 
mean total late luteal phase week score of 137.5 + 31.8) 
together with the mean duration of symptoms each 
month (19 days) are consistent with a diagnosis of se- 
vere PMS. Lifestyle-impact variables, as recorded by 
patients, confirmed a strong negative effect of their 
premenstrual symptoms on their perceived level of 
functioning and interactions with others (mean + SE 
total late follicular week score of 3.5 + 1.0 versus mean 
total late luteal phase week score of 20.3 + 3.5). 


Dysmenorrhea was not a significant factor for this 
group of women. The mean total menstrual cramp 
score for the menstrual week was 2.6 + 0.9 (+SEM) 
(range, 0 to 13) of a possible maximum score of 21. 
Only two women had cumulative cramp scores >6 in 
the menstrual week. Similarly, menorrhagia, defined as 
heavy flow lasting more than 5 days, was indicated by 
only three women. 

All the patients had seen several other health care 
providers because of PMS (mean + SEM = 2.6 + 0.3; 
range, | to 4) and received a variety of psychological 
and medical interventions without satisfactory symp- 
tom relief before referral to our clinic. After initial 
consultation, the women tried an average of 3.8 + 0.3 


. (SEM) different medications (listed in the Methods sec- 


tion) without relief before initiation of therapy with 
danazol. The mean duration of all interventions in our 
clinic before surgery was 19.0 months. 

Mean daily total symptom and lifestyle impact scores 
from the PRISM calendars were plotted for each of the 
five periods: a baseline menstrual cycle beginning with 
the first day of bleeding, a calendar month beginning 
with the first day of the month while taking danazol, a 
menstrual cycle after cessation of danazol, and two post- 
operative months beginning with the first day of a given 
calendar month in the first year after surgery (Fig. 1, 
upper panel). The time varied after surgery during 
which postoperative cycles were charted by the patients. 
The average time from surgery was 4.4 months for the 
first postoperative cycle and 8.1 months for the second 
cycle. Follow-up has been as long as 48 months and 
continues. Mean cumulative scores for each of the four 
periods were plotted below the daily scores. 

The typical PMS symptom profile observed during 
the baseline cycle of charting (Fig. 1, solid line) was 
effectively eliminated while taking danazol (Fig. 1, 
closed circles). Symptoms recurred promptly within 2 
months of cessation of danazol therapy (Fig. 1, open 
circles) and were again eliminated after surgery (Fig. 1, 
broken lines). Mean scores rose from a follicular phase 
daily mean of 4 to 5 to a premenstrual daily mean of 
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Fig. 2. Mean daily physical and psychological symptom scores for 14 women with severe PMS. 


20 to 25 while without therapy, but remained consis- 


tently below 4 to 5 while taking danazol and after sur- i 


gery. The cumulative symptom scores for the months 
while taking danazol and postoperatively were signifi- 
cantly lower (p = 0.05) than those for the baseline men- 
strual cycles. No statistical difference was evident be- 
tween the cumulative monthly scores while taking dan- 
azol or after surgery. 

Physical and psychological symptom scores were in- 
fluenced in a similar fashion by treatment (Fig. 2). Par- 
allel changes were reported in lifestyle impact for the 
five periods with significantly lower cumulative scores 
(p = 0.05) for the months while taking danazol and 
after surgery, as compared with the baseline and post- 
danazol cycles (Fig. 3). 

Side effects of danazol reported by these patients 
were rated as minor in comparison with preexisting 
symptomatology. They included weight gain (n = 6), 
muscle cramps (n = 4), fine tremor (n = 1), insomnia 
(n = 1), and oily skin or acne (n = 2). Hirsutism was 
not a problem in any patient. . 


Comment 


We believe that-cyclic ovarian steroidogenic activity 
creates in the premenstrual phase a time of physical 
change and psychiatric vulnerability that is exaggerated 
in some women by undetermined neuroendocrine 
events. Undoubtedly cultural attitudes, psychosocial ex- 
periences or expectancy, and current levels of stress 
will impact on the expression of symptoms.’ Accord- 
ingly, it is appropriate that initial therapeutic measures 
be conservative and focus on lifestyle modification to 
reduce external stressors and the enhancement of cop- 
ing mechanisms through education, improved com- 
munication, and assertiveness training. Often these are 
implemented in conjunction with symptomatic medical 
therapies to achieve both immediate and long-term 
benefits. 

If PMS has been longstanding or severe, these mea- 
sures may fail to meet the needs of the afflicted woman. 
Regrettably, those who fail to respond to such inter- 
ventions often fall into the cracks of our health care 
system where they shuffle from physician to physician 
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Fig. 3. Mean daily (upper panel), and monthly cumulative (lower panel) lifestyle impact scores for 14 


women with severe PMS. 


in search of relief. The impact on the personal and 
social lives of such persons may be profound as they 
have ever-increasing frustration, guilt, and loss of self- 
esteem. l 

Although a cohesive hypothesis to explain the het- 
erogeneous manifestations of PMS is lacking, there is 
increasing evidence that cyclic ovarian activity is central 
to the expression of symptoms. PMS does not appear 
before puberty, it disappears during pregnancy and 
lactation, and is absent during periods of hypo- or hy- 
pergonadotropic amenorrhea.'* '' Of the many poteri- 
tial ovarian secretory products it is likely that the ovar- 
ian steroids, estrogen and progesterone, are responsi- 
ble inasmuch as PMS may persist or be accentuated in 
the face of suppressed ovarian activity in those who 
take oral contraceptives when synthetic estrogen and 
progestins are substituted for the naturally produced 
steroids." Similarly, PMS-like symptoms may appear 
during combined estrogen-progestin replacement ther- 
apy after ovarian failure at menopause.*° ` 

In 1931, Frank" initially reported the use of ovarian 
irradiation to suppress the ovarian cycle in severe PMS, 


whereas others have recently used danazol,’ luteinizing 
hormone-releasing hormone agonists,‘ and subcutane- 
ous estrogen or estrogen-testosterone pellets'*" for this 
purpose. None of these therapies, as currently used, 
provides an ideal long-term solution for the woman 
with 10 to 15 years of cyclic menstruation remaining. 
Ovarian irradiation sufficient to cause cessation of ovar- 
ian function carries obvious risks that include short- or 
long-term damage to adjacent structures and less cer- 
tain risks of tumor induction. Danazol’s dosage and 
duration-dependent side effects, costs, and potential 
adverse effects on serum lipids are likely to preclude 
its long-term use for all but the perimenopausal 
woman. Luteinizing hormone-releasing hormone ag- 
onists have yet to be titrated or combined with hormone 
replacement therapy in a fashion that would avoid the 
immediate and long-term consequences of the meno- 
pausal state that they induce.” In addition, the costs 
and limited availability of these agents is likely to pro- 
hibit their widescale application in the near future. Sub- 
cutaneous estrogen pellets, though widely used in Eu- 
rope," have been largely ignored or rejected in North 
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America because of fears about estrogen-induced en- 
dometrial cancer. Furthermore, the need for addition 
of cyclic progestin to avoid this complication may well 
provoke the return of PMS-like symptomatology.® ° 
Oral contraceptives, although they suppress ovarian 
function, do so by exposing the hypothalamus and 
other brain centers cyclically to pharmacologic concen- 
trations of synthetic estrogen and progestins. Accord- 
ingly, and consistent with anecdotal experience, they 
do not routinely afford relief from PMS per se, al- 
though they may relieve associated problems of dys- 
menorrhea or menorrhagia." © Medroxy progesterone 
acetate (Depo-Provera), which has yet to be systemati- 
cally tested in PMS, might provide the continuous med- 
ical ovarian suppression that is necessary to achieve 
symptomatic relief in severe cases. Anecdotally, it con- 
trols symptoms well in some women but is often at- 
tended by problems with breakthrough bleeding. 

The lack of a practical long-term method of medical 
ovarian suppression in a circumstance in which such 
therapy affords dramatic relief in the short term 
prompted us to examine the effectiveness of ovariec- 
tomy and low-dose estrogen replacement. The ideal 
study design to test the value of ovariectomy would 
require that all subjects undergo laparotomy and that 
the decision of whether to perform ovariectomy be ran- 
domized and concealed from the patient. The uteri 
would have to be left intact and all subjects would re- 
ceive postoperative hormone replacement therapy (pla- 
cebo if ovaries remained intact and active drug if ovari- 
ectomy had been performed). Patient follow up would 
be conducted by someone blinded to the surgical ran- 
domization. Clearly such a study design would be out- 
side the boundaries of ethical medical practice. We be- 
lieve the inclusion of a comparison group with hyster- 
ectomy alone also would be unethical, given the severe 
nature of symptoms in our patients and the well- 
documented study by Backstrom et al.'® that indicates 
the persistence of premenstrual symptoms after hys- 
terectomy when ovarian function is preserved. Hyster- 
ectomy alone may result in improved quality of life for 
some women through elimination of coexisting dys- 
menorrhea or excessive menstrual flow but has never 
been shown to cure PMS. The patients in our study 
were selected purely because of the failure of their 
severe PMS to respond to conservative measures, and 
although secondary benefits (i.e., elimination of men- 
orrhagia (n = 2) and dysmenorrhea (n = 3)) did ac- 
crue to a small number, these complaints were not in- 
cluded in the determination of pre- or postoperative 
symptom levels. f 

A 1987 publication” cites the presence of PMS as a 
consideration in favor of ovariectomy at the time of 
hysterectomy for other reasons; however, until now 
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there has been no published data to substantiate this 
approach. 

Ovariectomy without adequate estrogen replacement 
is attended by both immediate (flushes, vaginal atrophy, 
sleep disturbance) and long-term (ischemic heart dis- 
ease, osteoporosis) health risks, which, for most women, 
would not constitute a suitable alternative to distressing 
symptoms of PMS. Adequate estrogen supplementa- 
tion can deter these complications of the menopause. 
As a routine, hysterectomy was performed at the time 
of ovariectomy in our study to avoid the necessity for 
discontinuous estrogen replacement or cyclic proges- 
tational therapy. This approach is consistent with cur- 
rent data that challenge the routine use of progestins 
in menopausal therapy when the uterus is absent.'* ' 

A surgical solution to PMS should be considered only 
as a last resort after very careful screening of subjects 


and after all other reasonable conservative measures 


have been exhausted. In the short term the clinician 
will continue to face the challenge of deciding how 
many conservative (and often unproved) therapies for 
PMS to try before resorting to medical and ultimately 
surgical means to suppress cyclic ovarian iunctio in 
these extreme cases. 
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The effect of hysterectomy and bilateral oophorectomy in 
women with severe premenstrual syndrome 


Robert F. Casper, MD, and Margaret T. Hearn, PhD 
London, Cae, Canada 


The etiology of premenstrual syndrome is unknown, although this syndrome is linked to the menstrual 
cycle. Fourteen women with severe, debilitating premenstrual syndrome volunteered for a study of therapy 
by hysterectomy, oophorectomy, and continuous estrogen replacement. All had completed their families 
and had failed to benefit from previous medical treatment. The diagnosis and severity of premenstrual 
syndrome were assessed by means of prospective charting and psychological evaluation. All patients had 
clearly cyclic symptoms and psychological scores consistent with a major disruption of their lives before 
surgery. Six months after surgery, premenstrual syndrome symptom charting revealed complete 
disappearance of a cyclic pattern with scores equivalent to those of a normal population. Psychological 
measures 6 months after operation showed dramatic improvement in mood, general affect, well-being, life 
satisfaction, and overall quality of life. Surgical therapy, involving oophorectomy, hysterectomy, and 
continuous estrogen replacement, is effective in relieving the symptoms of premenstrual syndrome and is 
indicated for a small, selected group of women. (Am J OBsTET GYNECOL 1990; 162:105-9.) f 


Key vodi Hranei syndrome, TA EEEN 


Premenstrual syndrome (PMS) has been defined as 
the recurrence, in the luteal phase of the cycle, of a 
combination of psychological and physical symptoms 
of sufficient severity to interfere with interpersonal re- 
lationships or normal activities.' It has been estimated 
that up to 30% of women-may experience moderate to 
severe PMS, frequently leading them to seek treatment, 
but only 5% have the syndrome to the extent that severe 
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‘debilitating symptoms cause a major disruption of their 


lives.? Since the etiology of this disturbing condition is 
unknown, a specific medical therapy aimed at correct- 
ing the underlying cause is not available. However, the 
symptoms of PMS are definitely linked to the cyclic 
fluctuations of ovarian steroids that occur in ovulatory 
cycles.* ‘Cessation ‘of ovarian hormonal. production, 
which occurs at menopause, and therapeutic maneu- 
vers that induce a menopausal state are associated with 
disappearance of PMS symptoms. For example, down- 
regulation of pituitary gonadotropin releasing hor- 
mone (GnRH) receptors with a GnRH agonist’ and 
suppression of gonadotropin secretion with danazol*® 
both successfully alleviate PMS symptoms. However, 
both GnRH agonist and danazol have side effects that 
preclude their long-term use. 

The purpose of this study was to examine the effect 
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Fig. 1. Score on Prospective Record of the Impact and Severity of Menstrual Symptomatology 
(PRISM) calendars for the 14 women with severe PMS before (Pre-op; O) and 6 months after (Post- 
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op; A) hysterectomy and oophorectomy with continuous estrogen replacement. 


of surgically induced menopause, with subsequent con- 
tinuous estrogen replacement, in patients with severe 
PMS, by comparison of prospective symptom records 
and psychological measures of general affect, well- 
being, and overall quality of life before and after sur- 
gery. All of the women studied had completed their 
families, and conservative therapy had failed to alle- 
viate their symptoms to a degree that would allow them 
to function normally. 


Material and methods. 


Subjects. Fourteen women were referred for inves- 
tigation and treatment of severe PMS that was unre- 
sponsive to previous medical therapy. Each woman con- 
sented to participate in this study as part of a larger 
study of the diagnosis and treatment of PMS, which 
was approved by the Committee for Human Experi- 
mentation of ‘the University of Western Ontario. The 
clinical characteristics of these women are shown in 
Table I. The mean (+SE) age of the women was 
38.4 + 0.9 years (range, 34 to 46 years). All of the 
women had regular menstrual cycles. For 12 of the 
women sterilization was the means of contraception 
(tubal ligation, 8; vasectomy of the sexual partner, 3; 
hysterectomy, 1), while one woman’s partner was se- 
verely oligospermic and one woman used no contra- 
ception. 

Diagnosis of PMS. The diagnosis of PMS was made 
on the basis of history and physical examination and 
by prospective charting of symptoms for two consec- 


utive cycles using the Prospective Record of the Impact 
and Severity of Menstrual Symptomatology (PRISM) 
calendar of Rejd.' We have previously shown that this 
rating scale is capable of distinguishing PMS from non- 
PMS’ and that PRISM scores <8 in the follicular phase 
of the cycle and =15 in the premenstrual phase were 
diagnostic of PMS. During one menstrual cycle, after 
the diagnosis of severe PMS was confirmed by PRISM 
calendar charting, the women had the following psy- 
chological measures completed, once in the follicular 
(asymptomatic) phase and once in the premenstrual 
(symptomatic) phase of the cycle. 


Psychological measures 

Overall Life Satisfaction. This measure was a paper- 
and-pencil version of the life satisfaction questions in- 
cluded in the survey conducted by Campbell et al.* The 
last seven-point rating of overall life satisfaction was 
scored, 

Index of General Affect. This measure was a paper- 
and-pencil version of the ratings of general affect in- 
cluded in the survey of Campbell et al.* The average 
rating for the eight bipolar scales scored was computed. 

Index of Well-Being. This index was computed from 
the measure of Overall Life Satisfaction and the Index 
of General Affect according to the formula suggested 
by Campbell et al. 

Quality of life score. The Quality of life score was pro- 
rated from the scores for the following Quality of Life 
Questionnaire-D scales’: Material well-being, Personal 
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growth, Marital relations, Parent-child relations, Ex- 
tended family relations, Extrafamilial relations, Job 
characteristics, Occupational relations, Job satisfiers, 
Creative-Aesthetic behavior, Sports activity, and Vaca- 
tion behaviour. The method of prorating was that sug- 
gested by Evans et al.’ 

Profile of Mood States. The bipolar form of the Pro- 
file of Mood States! was used to measure six as- 
pects of mood: Anxious-Composed, Hostile-Agree- 
able, Depressed-Elated, Unsure-Confident, Tired-En- 
ergetic, and Confused-Clearheaded. 

Procedure. Participants were administered the life 
satisfaction scales, life appraisal scales, Quality of Life 
Questionnaire-D scales, and the Profile of Mood States 
on three occasions: during the premenstrual and non- 
premenstrual phases of one menstrual cycle before sur- 
gery and 6 months after surgery. 

Severity of PMS. The duration of PMS symptoms in 
this group was 9.4 + 1.9 years with a range from 2 to 
24 years. The symptoms of PMS were severe enough 
to cause major disruption of the social, work, and family 
lives of each woman. Six of the 14 women had suicidal 
ideation or had attempted suicide in the past and 7 had 
been seen by a psychiatrist because of depression. The 
women had used a mean of 2.8 + 0.4 different medical 
treatments without significant improvement in PMS. 
Therapies for PMS used by this group of women are 
listed in Table II and included a number of psycho- 
tropic agents. After enrolling in the study, five of the 
women were placed on a regimen of danazol, 100 mg 

four times daily for 3 months, to suppress menstrual 
" cyclicity, as a temporary treatment of a crisis situation 
while waiting for scheduled surgery. All of the women 
had complete resolution of PMS symptoms during 
ovarian suppression by danazol. 

Surgery. All 14 women agreed to surgical therapy 
for treatment of PMS. Surgery in 13 women consisted 
of total abdominal hysterectomy and bilateral salpingo- 
oophorectomy. One woman had had a previous hys- 
terectomy, and surgery involved bilateral salpingo- 
oophorectomy only. In all cases the surgery was 
followed by continuous administration of estrogen re- 
placement therapy without progestin. 

Follow-up. All women were seen at 6 weeks after 
surgery for routine follow-up and for adjustment of 
estrogen replacement if they were complaining of 
menopausal flushes. The women completed a PRISM 
calendar 6 months after the surgery and were seen at 
that time for repeat evaluation by means of the psy- 
chological measures previously described. 


Results ; 

PRISM calendars. Mean (+SE) scores from pro- 
spective symptom charting with the PRISM calendar 
for the 14 women are shown in Fig. 1. Before operation, 
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Table I. Clinical characteristics of 14 women 
with PMS 


Do 
D m NO GO 
n wowa 


It lt Holt 


Age (yr) (mean + SE) 

Gravidity 

Parity 

Duration of PMS (yr) 

Contraception 
Tubal ligation 
Vasectomy 
Hysterectomy 
None 


mogo 
CECEN ET 


NO m QO CO 


Table II. Previous therapies prescribed or 
used by 14 women with PMS 


Medication No. of patients 


Evening primrose oil 12 
Tranquilizers 8 
Vitamin Bs 5 
Progesterone 4 
Antidepressants 3 
Diuretics 3 
Lithium 2 
Others 4 


all of the women had a clearly cyclic pattern of scores 
that were low (<10) in the follicular phase and inten- 
sified toa mean of 42 + 2.7 in the premenstrual phase, 
compatible with a diagnosis of very severe PMS.” Six 
months after operation, on a regimen of continuous 
estrogen replacement, the mean scores for the 14 
women were all <10, no longer compatible with a di- 
agnosis of PMS and not different from the scores of a 
group of normal women previously documented by us.’ 

Psychological measures 

Quality of life. The means for each of the four sub- 
jective indicators of quality of life at each phase of the 
study are shown in Table III. The Overall Life Satis- 
faction ratings completed at the PMS and non-PMS 
phases of the menstrual cycle before surgery did not 
differ from each other. The 6-month postsurgical rat- 
ings of Overall Life Satisfaction were significantly 
higher than either of the presurgical ratings and were 
comparable to the mean rating of 5.545 for a large 
North American sample reported by Campbell et al." 
The means for the Index of General Affect, the Index 
of Well-being, and the Quality of Life Score were sig- 
nificantly different at each time period and were or- 
dered from lowest to highest as follows: PMS phase, 


“non-PMS phase, and 6 months after surgery. The 


scores for these latter measures at the 6 month post- 
surgical phase were similar to those indicated for nor- 
mative samples.* '° 

Profile of Mood States. The means for each of the 
six dimensions of mood at each phase of the study are 
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Table III. Means for subjective indicators of quality of life (higher scores indicate improved quality of life) 








Non-PMS 6 mo after 
Variable PMS phase ~ phase surgery F ratio 
Overall Life Satisfaction 3.21 3.86 5.64 16.16* 
Index of General Affect 3.22 4.43 5.42 17.34* 
Index of Well-being 6.76 8.67 11.63 19.32* 
Quality of Life score 99.61 114.16 125.09 17.00* 











*p < 0.001. 


Table IV. Means for Profile of Mood States scales (higher scores indicate improved mood states) 











Non-PMS 6 mo after 

Variable PMS phase phase surgery F ratio 
Anxious-Composed 9.29 © 24.29 28.50 30.18* 
Hostile-Agreeable 14.86 30.07 32.29 23.72* 
Depressed-Elated 9.57 25.14 25.21 18.31* 
Unsure-Confident 9.64 24.00 26.00 24.27* 
Tired-Energetic 8.00 23.21 23.88 23.99* 
Confused-Clearheaded 13.43 28.21 29.71 19.54* 

*b < 0.001. 


shown in Table IV. The results of mean comparisons 
for each mood state at each occasion demonstrated the 
same pattern. For each dimension the non-PMS mean 
and the 6-month postsurgery mean showed no signif- 
icant difference from each other. Both were signifi- 
cantly higher than the PMS phase mean. The PMS 
phase mean for each scale was at or about a T score of 
30, while the non-PMS and 6-month postsurgery means 
were at or above a T score of 50 (p < 0.001). 
Surgical follow-up. All 14 women had uneventful 
operations and their postoperative courses were un- 
complicated except for two cases of urinary tract in- 
fection treated with antibiotics before discharge. Mean 
time in hospital was 5.9 + 0.3 days (range, 4 to 8 days). 
The women were discharged on a regimen of contin- 
uous estrogen replacement without progestin. The 
women received conjugated equine estrogens (Pre- 
marin; Ayerst, Montreal), 0.625 to 1.25 mg daily (9 
women) or micronized 178-estradiol (Estrace; Bristol, 
Candiac, Quebec) 1 to 2 mg daily (5 women). 


Comment 


Until the etiology of PMS is determined, a specific 
cure for this ‘condition will likely remain elusive. It is 
also quite possible that PMS represents a heterogeneous 
disorder with multiple causes. Nevertheless, it is clear 
that premenstrual symptoms are linked to the normal 
cyclic fluctuations of gonadal steroids? and thus to the 
menstrual cycle itself. The disappearance of PMS with 
the onset of menopause and the alleviation of the symp- 
toms by induction of a menopausal state with GnRH 
agonist* or danazol®* led us to examine the effect of 


hysterectomy and bilateral oophorectomy in women 
with severe, intractable PMS. 

A previous study, examining premenstrual symp- 
toms before and after hysterectomy without oophorec- ° 
tomy, has clearly shown that cyclic changes in emo- 
tional and physical state consistent with PMS persisted 
after surgery. In contrast, the results of this investi- 
gation illustrate a dramatic improvement in PMS symp- 
toms when oophorectomy and continuous estrogen re- 
placement are combined. The improvement in these 
women with debilitating PMS occurred to the point 
where prospective charting demonstrated no differ- 
ence from a group of normal women. 

Psychological testing revealed a highly significant im- 
provement in general affect, well-being, mood, quality 
of life, and overall life satisfaction, also comparable to 
normative data. Of note was the agreement between 
the Profile of Mood State data and the PRISM calendar 
data both before and after surgery. These changes ap- 
peared to be long-lasting, being demonstrable for at 
least 6 months’ follow-up. Subjectively, the women, 
without exception, expressed complete satisfaction with 
the outcome of this therapy. 

Previous work'* “ has shown that the addition of a 
progestin to estrogen replacement therapy in post- 
menopausal women may result in PMS-like symptoms. 
Because of these findings and to prevent the occurrence 
of endometrial hyperplasia with continuous estrogen 
replacement, we proceeded with hysterectomy, as well 
as oophorectomy, in these patients. 

Hysterectomy and bilateral oophorectomy, requiring 
estrogen replacement, may appear at first glance to be 
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a radical treatment for a relatively subjective disorder 
such as PMS. However, each of the women in this study 
experienced a serious emotional and personality dis- 
turbance for up to 3 weeks each month, resulting in a 
major disruption of their occupational and interper- 
sonal relationships. After surgery, the findings of this 
study indicate complete resolution of PMS in these 
women. We believe that this surgical therapy for severe 
PMS is warranted in a small group of women in whom 
the diagnosis has been established by prospective chart- 
ing, premenstrual symptoms are debilitating, and other 
forms of therapy have failed. 
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The value of Doppler assessment of the uteroplacental 


circulation in predicting preeclampsia or intrauterine 


growth retardation 


Sig-Linda Jacobson, MD, Regine Imhof, SCM, Nicki Manning, MB, BS, 
Vibeke Mannion, SCM, David Little, MRCOG, Evelyn Rey, MD, and 


Christopher Redman, FRCP 
Oxford, England 


Flow velocity waveforms of the uteroplacental arteries were analyzed at 20 and 24 weeks of gestation, by 
means of duplex pulsed Doppler ultrasonography, in 93 women at risk for preeclampsia or intrauterine 
growth retardation. The ability of an elevated resistance index to predict these conditions was tested. At 20 
and 24 weeks an abnormal resistance index was significantly associated with intrauterine growth 
retardation but not with preeclampsia, with or without proteinuria. A low fetal abdominal circumference at 
20 or 24 weeks or an increasing maternal plasma uric acid concentration at 24 weeks was as predictive as 
an elevated resistance index. In a second group of 43 women, screened in the same way, the only’ 
association was of an elevated resistance index at 20 weeks with intrauterine growth retardation. Although 
elevated resistance indices occur more commonly in women who develop intrauterine growth retardation 
and/or preeclampsia, the correlation is not close enough to be clinically useful as a screening test. (Am J 


Osstet GYNECOL 1990;162:1 10-4.) 


Key words: Uteroplacental blood flow, Doppler ultrasonography, arterial flow velocity 
waveform analysis, preeclampsia, intrauterine growth retardation 


Uteroplacental blood flow is decreased in pregnan- 
cies that are complicated by preeclampsia and intra- 
uterine growth retardation (IUGR)'; this decrease is 
associated with a pathologic condition of the spiral ar- 
tery, thought to arise during placentation in the first 
half of pregnancy.’ Thus it might be possible to predict 
the development of these conditions by assessing utero- 
placental blood flow early in pregnancy with ultrason- 
ographic Doppler shift analysis of flow velocity wave- 
forms.* This technique can be used to give a number 
of indices, thought to reflect peripheral resistance.’ 
High values in arteries of the uterus have been reported 
when the diagnosis of preeclampsia or IUGR is estab- 
lished, by means of pulsed® ° or continuous-wave’ 
Doppler, but this finding is not consistent in all studies.® 
Only two studies have shown an association between 
abnormal flow velocity waveforms in midpregnancy (18 
to 20 weeks) and the subsequent development of hy- 
pertensive complications of pregnancy and IUGR.* ° 
Our study was therefore undertaken to determine 
whether the ultrasonographic Doppler shift analysis is 
a useful screening technique in clinical practice. Flow 
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velocity waveforms of the uteroplacental arteries were 
analyzed at 20 or 24 weeks with Doppler ultrasonog- 
raphy in a group of women at risk for preeclampsia or 
IUGR. The ability to predict these conditions was an- 
alyzed and compared with other, simpler measure- 


-© ments. 


Methods 


Subjects were recruited from among women referred 
to our high-risk antenatal clinic. Most women had 
chronic hypertension, a history of severe preeclampsia, 
or fetal losses, but some had a variety of other medical 
conditions, as listed in Table IA. Diabetic women were 
included only if there were other medical problems. 

‘At the baseline assessment (before 20 weeks) and at 
each subsequent visit, plasma uric acid and 24-hour 
urinary protein excretion were measured. In addition, 
fetal abdominal circumference was measured by means 
ofa standard linear-array ultrasonographic scanner. All 
women were seen at least every month up to 28 weeks, 
at least every 2 weeks until delivery, and again 6 weeks 
after delivery. 

Women were screened at 20 and/or 24 weeks’ ges- ` 
tation with a 3.5 MHz linear array ultrasonographic 
imaging system, combined with a 2 MHz pulsed Dopp- 
ler at a fixed angle of 53 degrees (Kranzbuehler ADR 
8130). The scans were, performed by one of four of the 
authors (R. L., D. L., N. M., or V. M.). A thump filter 
of 50 Hz was used for all studies. The transducer was 
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placed parallel to the pelvic sidewall and the lateral 
uterine walls were displayed on the real-time image. 
The sample gate was placed in the uterine wall and 
angled until the Doppler signals displayed by the on- 
line spectrum analyzer were clear and showed the typ- 
ical high diastolic velocity and low pulsatility that define 
a uteroplacental (arcuate) artery.* The peak systolic (A) 
and end-diastolic (B) Doppler frequency shifts were 
. measured with a cursor and the resistance index, (A- 
B)/A, was calculated.” Two readings were taken from 
each side of the uterus and averaged to give two results 
for each patient. No attempt was made to relate the 
results to the placental side; instead, they were simply 
classified as higher or lower values. The Doppler results 
were not used for clinical management. Post-natally, 
case notes were reviewed and data collected on the 
development of antenatal complications, labor, deliv- 
ery, and neonatal outcome. ; 

The development of preeclampsia, with or without 
proteinuria, IUGR, and the indication for delivery were 
the different clinical end points studied. Preeclampsia 
was defined as hypertension with proteinuria or hy- 
peruricemia. If the baseline diastolic blood pressure 
taken before 20 weeks’ gestation was <90 mm Hg, it 
had to rise later to 290 mm Hg, increasing by at least 
25 mm Hg for the patient to be included in the study." 
If the baseline blood pressure was =90 mm Hg, then 
the subsequent i increment needed to be at least 15 mm 
Hg. Hyperuricemia was deemed to be present if 
the final antenatal plasma concentration was =350 
pmol/ L and fell below this within 6 weeks after deliv- 

‘ery. The latter condition excluded a few women in 
whom hyperuricemia was constitutional rather than 
pregnancy-induced. Proteinuria was defined as =500 
mg of seven proteins in the urine per 24 hours, dis- 
appearing after delivery. IUGR was diagnosed if the 

. birth weight was less than the 10th percentile for ges- 
tational age and sex." The reason for delivery was pro- 

spectively classified (without reference to Doppler read- 
ings) into one of five categories: maternal compromise 
severe enough to endanger life, impending fetal death 

(judged by fetal heart rate analysis), elective delivery, 

spontaneous labor, or fetal death. 

Previously, an abnormal resistance index in a utero- 
placental artery on either side of the uterus has been 
defined as =0.58, 2 SD above the mean for a group of 
women with normal pregnancies.** It has been unclear 
whether the higher (usually from the nonplacental side 
of the uterus) or the lower (usually from the placental 
side of the uterus) reading would be more predictive, 
so we defined arbitrarily a value of =0.50 as abnormal 
for the lower reading. Using, in turn, higher values of 
20.58 and lower values of =0.50 as abnormal, we per- 
formed separate analyses of our observtions from 20 
weeks and from 24 weeks. 

Statistical analysis was based on the x’ test, with Yates’ 
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Table IA. Risk factors in the study group 


Risk factor No. 
Hypertension 38 
History of severe proteinuric preeclampsia 1] 
Hypertension plus 
History of severe proteinuric preeclampsia 1] 
Diabetes 3 
Renal disease 4 
Other* 2 
History of IUGR or stillbirth 12 
History of abruptio placentaet 3 
Proteinuric preeclampsia, current 2 
Other medical problemst 7 
TOTAL 93 


*Epilepsy, prior pulmonary embolus, 1; scleroderma, 1. 
{Two with an intrauterine fetal death. 


Systemic lupus erythematosus, 3; Bartter’s syndrome, 
thrombocythemia, prior pulmonary embolus, and porphyria, 
l each. 


Table IB. Poor outcomes from the 93 
pregnancies in study group* 


Outcome No. 
Preeclampsia . l 27 (29.0%) 
Proteinuric preeclampsia 9 (9.7%) 
IUGR 17 (18.3%) 
“Poor outcome” 26 (27.9%) 


Delivery because of severe maternal or fetal 
compromise ` 


13 (14.0%) 


*Poor outcomes were not mutually exclusive categories. 


correction or Fisher’s exact test, as indicated. Statistical 
significance was defined as a probability value of <0.05. 
On the basis of the work of others, we tested the 
hypothesis that an abnormally high resistance index 
in ‘the uteroplacental arteries predicts later clinical 
problems. . 


Results 

Ninety-three women were studied. Of 60 scanned at 
20 weeks, the lower resistance index of the uteropla- 
cental arteries was =0.50 in 27 patients (45.0%), and 
the higher result was 20.58 in 31 patients (51.7%). OF 
the 91 patients studied at 24 weeks, 30 (33.0%) had 
lower values =0.50 and 36 (39.6%) had values =0.58. 
The numbers of women who developed each of the 
various clinical end points are shown in Table IB. 

In nine of the women at 20 weeks, an acceptable 
signal could be obtained from one side of the uterus 
only. Five of these women had a poor outcome—IUGR, 
proteinuric preeclampsia, or iatrogenic delivery — 
before 37 weeks. At 24 weeks, signals could not be 
obtained from one or both sides of the uterus in seven 
women, and four of these had a poor outcome, as de- 
fined by the same criteria. Because of the high incidence 
of complications in the patients for whom values could 
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Table II. Sensitivities and positive predictive values of an elevated uteroplacental artery resistance 
index (RI), low abdominal circumference (AC), or rising uric acid (UA) level at 24 weeks for the 
various outcomes 











RI (%) AC (%) ` UA (%) RI (%) 





Preeclampsia 44.4 15.4 37.0 33.3 57.1 58.8 
(12/27) (4/26)* (10/27) (12/36) (4/7) (10/17) 

Proteinuric preeclampsia - 66.7 25.0 55.5 16.7 28.6 29.4 
(6/9) (2.8)* (5/9) (6/36) (2/7) (5/17) 

IUGR 70.6 29.4 47.0 33.3 71.4 47.0 
(12/17) (5/17) (8/17) (12/36) (5/7) (8/17) 

Delivery because of se- 76.9 25.0 53.8. 27.8 42.8 41.2 


(10/13) (3/12)* (7/13) 


vere fetal or maternal 
compromise 


(10/36) (3/7) (7/17) 





Values in parentheses are numbers of patients. 
*In one case a fetal abdominal circumference measurement was not available. 


Table III. Sensitivities and positive predictive values of an elevated uteroplacental artery resistance index 
(RI), low abdominal circumference os or rising uric acid (UA) at 24 weeks for the various outcomes 









Complicaton 
Preeclampsia =~ 25.0 16.7 
(3/12) (2/12) 
Proteinuric preeclampsia 60.0 20.0 
(3/5) (1/5) 
IUGR 55.5 22.2 
(5/9) (2/9) 
Delivery because of 50.0 0 
severe fetal or mater- (1/2) (0/2) 


nal compromise 


Values in parentheses are numbers of patients. 
*In one case a baseline plasma uric acid measurement was 


not be obtained, the unobtainable resistance index was 
assumed to be high and therefore abnormal. 

A higher resistance index of =0.58 was significant- 
ly associated with IUGR at 20 (p< 0.01) and 24 
(p < 0.01) weeks and with delivery because of severe 
fetal or maternal compromise at 24 weeks (p < 0.01). 
A lower value of =0.50 was less discriminating, being 
significantly associated with IUGR at 20 weeks only 
(p < 0.05) and with delivery because of severe maternal 
or fetal compromise at 24 weeks only (p < 0.001). Ab- 
normal readings at 20 and 24 weeks were not signifi- 
cantly associated with the later development of pre- 
eclampsia, with or without proteinuria. Because the 
lower readings were less useful, they were not consid- 
ered further. 

An increased resistance index was associated most 
consistently with poor fetal growth. We speculated 
whether a direct measurement of fetal size—the fetal 
abdominal circumference—might predict growth with 


Sensitivity 









Positive predictive value 


27.3 17.6 40.0 75.0 
(3/11)* (3/17) (2/5) (3/4) ` 
50.0 17.6 20.0 50.0 
(2/4)* (3/17) (1/5) (2/4) 

25.0 29.4 40.0 50.0 
(2/8)* (5/17) (2/5) (2/4) 

50.0 5.9 0 25.0 
(1/2)* (1/17) - (0/5) (1/4) 


not available. 


the same or better accuracy. Fetal abdominal circum- 
ferences were available in all but three of the patients 
assessed at 20 weeks and all but two of those at 24 weeks. 
From the ultrasonographic growth chart used in our 
department,” the rate of growth per day between 18 
and 22 weeks and between 22 and 24 weeks was cal- 
culated. A linear adjustment was then applied to stan- 
dardize the measurements for exactly 20 or 24 weeks, 
respectively. The data were analyzed to see whethér a 
reduced abdominal circumference—<13.5 cm at 20 
weeks and =17.0 cm at 24 weeks—was associated with 
abnormal outcome. At 24 weeks, but not at 20 weeks, 
a small abdominal circumference was significantly 
associated with IUGR (p<0.01) and with deliv- 
ery because of severe maternal or fetal compromise 
(p < 0.05). , 

We then examined a biochemical marker, the plasma 
uric acid level,” to see whether values at 24 weeks would 
predict the subsequent development of preeclampsia. 
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At 24 weeks, 17 women (18.7%) had a uric acid con- 
centration of 250 pmol/L above the baseline mea- 
surement before 20 weeks. An elevation was signifi- 
cantly associated with later preeclampsia (p < 0.01), 
proteinuric preeclampsia (p < 0.02), IUGR (p < 0.01), 
or delivery. because of severe fetal or maternal com- 
promise (p < 0.01). The sensitivities and the positive 
predictive values of the. various screening tests are 
shown in Table II. A higher resistance index in the 
arcuate artery (=0.58), was the most sensitive, but, be- 
cause of high false-positive rates, the positive predictive 
values were low. When the upper limit of normal for 
the resistance index was increased to 0.69, the sensitiv- 
ities decreased markedly without an appreciable in- 
crease in the positive predictive values. For example, 
at 24 weeks the sensitivities for proteinuric preeclamp- 
sia and IUGR dropped to 22% and 35%, while the 
positive predictive values became 17% and 50%, re- 
spectively. Elevated uric acid level had the best predic- 
tive values for preeclampsia, and small abdominal cir- 
cumference was the best predictor of IUGR and of 
delivery for severe maternal or fetal compromise. 

Although the study was designed to look at the end 
points of preeclampsia and TUGR, our methods were 
adjusted during the course of the analysis as patterns 
emerged; the way “missing” values were used is one 
example of such adjustments. In addition, the process 
of assessing the predictive value of a low abdominal 
circumference or a high uric acid level was applied 
retrospectively. Therefore a second sample of women 
was studied to see whether the initial results could be 
confirmed. 

For the second sample, 43 women were recruited and 
screened in the same manner as those in the first sam- 
ple. Thirty-eight readings were obtained at 20 weeks 
and 43 at 24 weeks. The data were analyzed according 
to the same criteria. The incidence of abnormal out- 
comes was similar to that for the first group. None 
of the tests performed well (Table III). In general, 
the Doppler measurements gave the best sensitivities 
but were significantly associated only with IUGR 
(p < 0.05). Measurements of plasma uric acid levels 
and fetal abdominal circumference had higher positive 
predictive values. An elevated plasma urate at 24 weeks 
was significantly associated with the later appearance 
of proteinuric preeclampsia (p < 0.05). 


Comment 


Although a high resistance index of the uteropla- 
cental arteries at 20 or 24 weeks of gestation was as- 
sociated with preeclampsia or IUGR, the association 
(statistically significant only with IUGR) was not close 
enough to be clinically useful. An elevated resistance 
index at midpregnancy in an artery of the uteropla- 
cental circulation generally identified two thirds of the 
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women in whom problems subsequently developed, a 
proportion similar to that found by other research- 
ers.*° However, false-positive rates were high and pos- 
itive predictive values low—major disadvantages in 
clinical terms. In addition, a number of women who had 


- normal Doppler readings subsequently had serious 


problems. 

When our results and those of the two published 
studies** are compared, certain factors need to be con- 
sidered. First, the definitions of pre-eclampsia or 
pregnancy-induced hypertension were not equivalent 
in the studies. Ours were more stringent. Second, the 
populations studied were different. We selected pa- 
tients at risk for hypertensive complications or IUGR, 
as did Arduini et al.,° but the incidences, by our stricter 
criteria, were lower. For example, 21.7% of women in 
the Arduini study later had proteinuric pregnancy- 
induced hypertension, compared with 9.7% and 11.6% 
in our two groups. Campbell et al.° screened primi- 
gravid women with no risk factors, and 11.9% were 
discovered to have pregnancy-induced hypertension; 
the proportion with proteinuria was unstated. In ad- 
dition, the screening studies were done at different 
gestational ages: 20 and 24 weeks in our study and 16 
to 18 weeks® and 18 to 20 weeks’ in the others. 

If we assume that in Campbell’s study all women 
with pregnancy-induced hypertension had proteinuria, 
then our results are similar. For example, if we compare 
the data from our first group at 20 weeks with the data 
of Campbell et al., the sensitivities were 67% and 67%, 
and the positive predictive values were 12.9% and 20%, 
respectively. However, Arduini et al.> found a high- 
er sensitivity (92%) and positive predictive value (60%) 
for pregnancy-induced hypertension with proteinuria. 
Although the positive predictive value depends on the 
prevalence of a given condition, the higher incidence 
of pregnancy-induced hypertension and proteinuric 
pregnancy-induced hypertension in this study cannot 
account for the much lower false-positive rates and 
higher positive predictive values. 

Our ability to predict hypertensive disease was, at 
best, the same as in the other studies, but we found 
_ stronger associations with IUGR than did Campbell 
et al. (Arduini et al. did not assess the prediction of 
IUGR). In Campbell’s study, 14.3% of the women were 
delivered of growth-retarded babies, and the sensitivity 
was 67%,° compared with 92% sensitivity in our first 
group and 63% in our second at 20 weeks. Similarly, 
we found positive predictive values of 35% and 42%, 
higher than the 24% in the study by Campbell et al.° 

In most instances, the sensitivities and positive pre- 
dictive values from screenings were higher at 24 weeks 
‘than at 20 weeks for both preeclampsia and proteinuric 
preeclampsia. In a high-risk population, some women 
already have problems that are clinically evident by 24 
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weeks, in which case the screening measurement does 
not predict but merely confirms what is already overt. 
Two women in the initial series were in this category 
at 24 weeks. In the second series oñe woman’s higher 
resistance index was 0.36 at 20 weeks. It increased 
markedly to 0.84 at 24 weeks, by which tithe she had 
hypertension, hyperuricemia and early proteinuria 
(380 mg/24 hr). She underwent delivery 2 weeks later 
because of severe preeclampsia. The second reading 
reflected an obvious problem, whereas the first failed 
to predict it. 

It is unlikely that the disparities between the three 
studies are the consequences of differences in tech- 
nique. The pulsed-wave duplex’ system that we used 
(identical to the one used by Campbell et al.) was similar 
to that used by Arduini. et al.° Perhaps the differences 
result from variations introduced by the sampling prob- 
lems, which are an intrinsic limitation of the technique 
of assessnient of the uteroplacental circulation. In spite 
of using a duplex Doppler system, we found it difficult 
to identify arteries and, éarly in gestation, had to de- 
pend on recognizing the patterns of the waveforms 
obtained within the uterine wall. Pattern recognitiori is 
at best a questionable procedure, because the abnorrhal 
pattern of one artery (for example, the arcuate artery) 
may resemble the normal pattern of another (for ex- 
ample, the uterine artery), Thus the technique pre- 
cludes serial study of the same veésel in individual pa- 
tients or the sampling of equivalent vessels in different 
patients. Other problems include the variability of the 
site of placental implantation and lack of a standard of 
consistency for flow patterns in an anastomotic network 
of vessels. If sampling could be standardized to a single 
vessel—for example, to the main trunk of the uterine 
artery—and reliably identified in each patient, perhaps 
the technique would be more reproducible. 

In previous studies a resistance index of 20.58 on 
either side of the uterus was defined as abnormal. € 
However, if a skilled observer fails to obtain a reading 
from a uteroplacental artery in the absence of technical 
difficulties, does this have any clinical’ significance? 
Physical factors (for example, obesity) may be impor- 
tant. Two patients were excluded from the second se- 
ries when readings could not be obtained because of 
anatomic features—a severe congenital kyphoscoliosis 
in one and a transplanted kidney in the right iliac Fossa 
of the other. The outcomé for both women was normal. 
In our first study group the failure to find a uteropla- 
cental artery on one ör both sides was associated with 
poor outcome. We postulated that this could iridicate 
very low flow and classified thése cases as abnormal. 
This definition strengthened the association of an ele- 
vated resistance index with poor outcome. In the sec- 
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ond sample, two of the three women at 20 weeks and 
three of six at 24 weeks in whom one or both uteropla- 
cental ar tery readirigs could not be obtained had a poor 
outcome. A second independent study is neéded to test 
our assumption properly, but the evidence suggests that 
the failure to obtain a reading is itself abnormal. 

Serial assessment of the fetal abdominal circumfer- 
erice and measurement of plasma uric acid concentra- 
tions, while equally imprecise, are simpler and less ex- 
pensive screening methods than Doppler ultrasonog- 
raphy. We concur with Neilson," who said, “Until it 
[Doppler ultrasonography] is properly assessed, its clin- 
ical use should be deprecated as should extravagant 
claims based on inadequate data.” 
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Doppler measurements of fetal and uteroplacental circulations: 
Relationship with umbilical venous blood gases measured 


at cordocentesis 


Caterina M. Bilardo, MD, Kypros H. Nicolaides, MD, and Stuart Campbell, MD 


London, England 


A pulsed Doppler study of the fetal and uteroplacental circulations was performed on 41 pregnant women 
with smail-for-gestational-age and 10 women with appropriate-for-gestational-age fetuses at 19 to 37 
weeks’ gestation. Blood gases and pH, measured in umbilical venous samples obtained by cordocentesis 
within 1 hour of the Doppler studies, were correlated individually and as an “asphyxia” index, to the 
Doppler and ultrasonographic biometric measurements. Although there were significant correlations 
between the majority of the ultrasonographic biometric and Doppler measurements with the blood gas 
results, better correlations were found with the ratio of common carotid artery to descending thoracic aorta 
mean velocity and pulsatility index. The best predictor of asphyxia was an index comprising aortic mean 
velocity and the common carotid artery pulsatility index. When this index was abnormal, 89% of fetuses 
had an asphyxia index 1 SD above the mean and 60% 2 SDs above the mean. A normal index was 
always associated with normal blood gases. The indices representing the inverse relationship of 
impedance and velocity in the two major vessels that supply the brain and the abdominal viscera provide 
the best prediction of the fetal condition because they reflect the hemodynamic response to changes in the 
partial pressure of respiratory gases. (AM J OBSTET GYNECOL 1990;162:115-20.) 


Key words: Doppler ultrasonography, fetal circulation, fetal blood gases, fetal asphyxia, 


cordocentesis 


Animal studies have shown that reduced placental 
perfusion is associated with intrauterine growth retar- 
dation.’ Furthermore, in fetal hypoxemia there is a re- 
distribution in blood flow with increased blood supply 
to vital organs, such as the brain, heart, and adrenals, 
and a simultaneous reduction of perfusion of other 
organs that include the lungs, gastrointestinal tract, and 
kidneys.? This redistribution of flow is referred to as 
the “brain-sparing effect.” 3 

Doppler ultrasonography has allowed examination 
of the human fetus in both physiologic and pathologic 
conditions,’ Reference ranges for intensity-weighted 
mean blood velocities and impedance indices (pulsatil- 
ity index and resistance index) with gestation have been 
established for the fetal descending thoracic aorta, the 
common carotid artery, the umbilical artery, and the 
uteroplacental vessels.** A series of cross-sectional stud- 
ies in pregnancies complicated by intrauterine growth 
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Table I. Equations defining the reference 
ranges for each variable used in the 
statistical analysis 


Po, 76.5 — 1.244 G Soothill et al." 
PCO, 38.29 — exp (11.873 — 0.5961 G) Soothill et al." 
pH 7.38 (constant) Soothill et al." 
UA PI exp (0.585 — 0.2289 G} Pearce et al.’ 
UPRI log. — 0.454 — 0.015 Pearce et al? 
Ao Vm -—16.27 + 2.706 G — 0.03845 G? Bilardo et al.’ 
Ao PI 0.4294 + 0.1118 G — 0.00175 G? Bilardo et al.’ 
CC Vm 3.482 + 0.4655 G Bilardo et al." 
CC PI -—0.6613 + 0.3701 G — 0.0075 G? Bilardo et al.* 
CA PI 0.4046 + 0.1316 G — 0.0029 Œ? Bilardo et al." 
(ratio) 
CA Vm 0.3059 + 0.00986 G 
(ratio) 


Source - 


Bilardo et al.‘ 





G, Gestational age; UA PI, umbilical artery pulsatility index; 
UP RI, uteroplacental resistance index; Ao Vm, aortic mean 
velocity; Ao PI, aortic pulsatility index; CC Vm, common ca- 
rotid artery mean velocity; CC PI, common carotid artery pul- 
satility index; CA PI, carotid-aortic pulsatility index; CA Vm, 
carotid-aortic mean velocity. 


retardation have demonstrated that increased imped- 
ance in the uteroplacental vessels and in the umbilical 
artery is associated with hypoxemia and poor perinatal 
outcome.®* Furthermore, in small-for-gestational-age 
(SGA) fetuses, there is a correlation between reduced 
aortic intensity-weighted mean velocity and low fetal 
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Table II. Correlation of ultrasonographic biometric and Doppler measurements with fetal blood gases, 
pH, and asphyxia index 












Asphyxia 








Measurement 


AAC 0.28 8.9 — 0.48 6.0 0.49 0.050 — 0.48 22.1 
AHC 0.32 8.9 — 0.44 6.2 0.37 0.049 — 0.44 22.8 
AHC/AC — 0.30 9.0 0.37 6.4 — 0.44 0.047 0.42 23.0 
AUP RI — 0.58 7.7 0.35 6.5 — 0.33 0.049 0.48 22.4 
AUA PI 0.52 8.0 — 0.40 6.4 0.49 0.043 — 0.54 21.1 
AAo Vm ‘ 0.51 8.0 — 0.59 5.6 0.54 0.044 — 0.62 19.7 
AAo PI —0.47 8.3 0.57 5.7 —0.57 0.043 0.61 20.0 
ACC Vm — 0.28 9.0 0.41* 6.4 0.38* 0.040 — 0.43 23.0 
ACC PI 0.63 7.3 —0.43 6.2 0.51 0.045 — 0.60 20.2 
ACG/ Ady 0.63* 7.4 0.62* 5.4 0.57* 0.043 — 0.68 19.0 
ACC/Aop; 0.66 7.1 —0.54 5.8 0.55 0.043 —0.66 19.3 
Ao-CC index 0.62 7.4 — 0.58 5.6 0.58 0.043 — 0.67 18.7 











A, Difference between obtained measurement and normal mean value for gestational age; r, correlation coefficient; RSD, 
residuals S-D; AC, abdominal circumference; HC, head circumference; HC/AC, head to abdominal circumference ratio; UP RI, 
uteroplacental resistance index; UA PI, umbilical artery pulsatility index; Ao Vm, aortic intensity-weighted mean velocity; CC, 
common carotid artery; CC/Ao Vm, ratio of CC and Ao Vm; CC/Ao PI, ratio of CC and Ao PI; Ao-CC index, aortic-carotid score 
created by principal component analysis. 


*Required quadratic term in the regression:r is the square root of the index of determination 7’. r = 0.28, significant at 


p = 0.05. r = 0.36, significant at p = 0.01. r = 0,45, significant at p = 0.001. 


Po, levels. The absence of end-diastolic frequencies in 
the aortic flow velocity waveforms is associated with a 
high incidence of neonatal complications affecting 
those organs that suffered from the redistribution of 
flow (i.e., necrotizing enterocolitis, pulmonary hem- 
orrhage, coagulopathy).° More recently Doppler stud- 
ies have also demonstrated that in growth-retarded fe- 
tuses the cerebral perfusion is increased.’*" 

This study examines the relationship between Dopp- 
ler measurements of velocity and impedance in the 
common carotid artery and fetal blood gases. A com- 
parison is also made between the various ultrasono- 
graphic biometric and Doppler measurements of utero- 
placental and fetal circulation in their ability to predict 
fetal oxygenation. 


Patients and methods 


Doppler studies of the fetal and uteroplacental cir- 
culation were performed 30 to 60 minutes before cor- 
docentesis in 51 patients referred to our center for fetal 
assessment at 19 to 37 weeks’ gestation. The study was 
cross-sectional. All fetuses had an ultrasonographic 
scan and in 41 cases the fetal abdominal circumference 
was below the 2.5th percentile of our normal range; 
cordocentesis was performed for fetal karyotyping and 
determination of acid-base status." In the remaining 
10 cases the abdominal circumference was within the 
normal range for gestation, and the indication for fetal 
blood sampling was prenatal diagnosis (toxoplasmosis, 
n = 2; rapid karyotyping for failed amniocentesis or 
placental biopsy cultures, n = 3; presence of ultrasono- 
graphic markers for chromosomal disorders, n = 4; 


blood grouping, n = 1). All fetuses were subsequently 
determined to be chromosomally normal and not to be 
affected by the condition investigated. Gestational 
age was established by Naegele’s rule and from an 
ultrasonographic measurement of the fetal bipari- 
etal diameter at 16 to 18 weeks. The SGA fetuses 
were classified on the basis of the head circumfer- 
ence/abdominal circumference ratio into symmetric 
and asymmetric types if this ratio was below or above 
the 97.5 percentile, respectively, of our normal range. 

A duplexed system consisting of a 2 MHz pulsed 
Doppler probe attached at a fixed angle of 53 degrees 
to a 3 MHz linear array transducer (Kranzbuhler-ADR 
5000, Berlin) was used for the Doppler studies. Flow 
velocity waveforms were recorded from the major 
branches of the uteroplacental vessels, umbilical artery, 
fetal descending thoracic aorta, and common carotid 
artery as previously described.** The Doppler sono- 
grams were considered for measurements when there 
were no fetal gross body or chest movements and the 
fetal heart rate was between 120 and 140 beats per 
minute. The high-pass filter was set at 150 Hz. The 
duration for the Doppler investigation in each patient 
was approximately 40 minutes (range, 20 to 60 min- 
utes). For velocity determinations a representative pair 
of cardiac cycles was selected from the flow velocity 
waveforms of the aorta and of the common carotid 
artery, and the angle of insonation of the vessel was 
measured on the frozen image of the linear array dis- 
play; this angle was always kept below 55 degrees. The 
mean velocity was calculated automatically by a built- 
in computer from the intensity-weighted means of the 
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Table UJ. Means and SDs for each variable considered in the study, corrected for gestational age 


OO veom [em | o | e | Minion | ‘Mario 
51 





Po, — 15.46 9.24 1.29 — 35.01 5.23 
PCO, 51 3.74 6.82 0.96 — 9.34 25.21 
pH 50 — 0.03 0.05 0.01 —0.14 0.06 
Asphyxia index 50 26.30 25.00 3.50 —29.40 84.30 
AG 51 -5.31 3.41 0.48 — 11.40 5.40 
HC 50 —2.92 2.26 0.32 —7.20 1.50 
HC/AC 50 0.15 0.12 0.02 — 0.25 0.39 
UP RI 50 0.71 0.18 0.02 0.35 0.96 
UA PI 51 — 1.27 1.37 0.19 —7.51 ; 0.88 
Ao Vm 51 -6.51 4.82 0.67 — 16.00 4.71 
Ao PI 51 0.39 0.56 0.08 — 0.78 1.86 
CC Vm 51 2.70 4.75 0.66 —7.13 14.40 
CC PI 51 — 1.33 0.87 0.12 — 2.89 0.50 
CC/Ao Vm 49 0.32 0.32 0.04 — 0.26 1.01 
CC/Ao PI 49 — 0.66 0.63 0.09 —1.51 1.00 
Ao-CC index 51 — 12.10 7.70 1.10 — 25.90 5.57 





See Tables I and H for abbreviations. 


Doppler-shifted frequencies of two consecutive cardiac 
cycles. Velocity measurements were repeated twice and 
the mean of the two measurements was considered. 
The coefficient of variation for mean velocity mea- 
surements in the aorta and in the common carotid ar- 
tery were 6% and 12%, respectively.* The pulsatility 
index, as defined by Gosling, was measured in all fetal 
flow velocity waveforms as previously described.* The 
coefficient of variation for this measurement is 10% for 
the aorta, 8% for the common carotid artery, and 7% 
for the umbilical artery.** In flow velocity waveforms 
from the uteroplacental vessels, the resistence index, 
as defined by Pourcelot, was calculated on three con- 
secutive cardiac cycles. 

The umbilical venous Po, (n = 51), PCO (n = 51), 
and pH (n = 50) were measured by a blood gas ana- 
lyzer (Radiometer ABL 330, Copenhagen, Denmark) 
immediately after cordocentesis in samples collected in 
heparinized syringes, and the values were compared to 
those of our reference ranges.'* Identification of the 
umbilical cord vessel sampled was made at the time of 
cordocentesis by the intravascular injection of 0.4 ml 
of normal saline solution.* Because of the larger size 
of the umbilical vein this vessel is more often sampled, 
and in this study we have considered the data obtained 
from umbilical venous samples only. 


Statistical analysis 

In normal pregnancy measurements of fetal size, 
blood gases, and Doppler parameters change with ges- 
tational age.* * 3 To allow for this effect, each mea- 
surement in this study was subtracted from the normal 
mean for gestational age and expressed as difference 
(A). Table I shows the equations to define the reference 
ranges for each Doppler and blood gas variable con- 
sidered in the study. For the ultrasonographic biometric 


measurements, the normal means were derived from 
the normal ranges used in our ultrasonography unit. 
Principal component analysis was used to create from 
the data an “asphyxia” index that would gather as much 
information as possible on fetal well-being as expressed 
by individual measurements of Po» Pco,, and pH." 
This index is defined by the following equation: As- 
phyxia = —APo, + 1.43 (APco,) — 180.2 (ApH). The 
index encompassed 77% of the combined variance of 
blood gases and pH. Similarly, by means of principal 
component analysis a Doppler “aortic-carotid” index, 
combining the two most reproducible measurements of 
the central fetal circulation, i.e., aortic mean velocity 


: (AoVm) and common carotid artery pulsatility index 


(CCPI), was defined by the equation: Aortic-carotid in- 
dex = A Ao VM + 4.2 (ACCPI). The combined vari- 
ance of the two Doppler measurements encompassed 
by the index was 82%. 

Multiple regression analysis (computer program 
BMDPO9R, P. Royston, London) was used to determine 
the ability of each Doppler and ultrasonographic pa- 
rameter, both singly and in all possible combinations, 
to predict fetal Poz, Pco,, and pH individually, and then 
combined in the asphyxia index. Combined Doppler 
measurements included the ratios between common ca- 
rotid and aortic velocities and pulsatility indexes and 
the aortic-carotid index. 


Results 


The correlation coefficients and the residuals SD of 
the fetal blood gases, pH, and asphyxia index, re- 
gressed on each Doppler and ultrasonographic mea- 
surement, are shown in Table II. The mean values for 
these parameters, expressed as A values, are listed in 
Table III. Among the individual Doppler measure- 
ments, considered in a rank order, the predictors that 
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Table IV. Percentiles of asphyxia index for given values of aortic mean velocity and common carotid 






pulsatility index adjusted for gestation and expressed as values 


CC PI (A) 


—3.00 100.0 100.0 99.9 
-2.75 100.0 99.9 99.8 
-2.50 100.0 99.9 99.7 
-2.25 100.0 99.9 99.6 
-2.00 99.9 99.8 99.3 
~1.75 99.9 99.6 99.0 
-1.50 99.8 99.4 98.6 
~ 1.25 99.7 99.2 97.9 
-1.00 99.5 98.8 97.1 
-0.75 99.3 98.2 96.0 
-0.50 98.9 97.5 94.6 
~0.25 98.4 96.5 92.7 

0.00 97.8 95.1 90.5 

0.25 96.9 93.5 87.8 

0.50 95.7 91.4 84.5 





Ao Vm (A) 


99.1 97.8 95.3 90.7 83.5 
98.7 97.0 93.7 88.0 79.6 | 
98.1 95.8 916 849 75.2 
97.3 94.3 89.1 81.2 70.4 
96.3 92.4 86.1 77.0 65.1 
94.9 90.1 82.6 72.3 59.5 
93.2 87.3 78.6 67.1 53.8 
91.1 84.0 74.1 61.7 47.9 
88.5 80.2 - 69.1 56.0 42.1 
85.3 75.9 63.8 50.2 36.5 
81.7 71.1 58.2 44.3 31.1 
77.6 65.9 52.4 38.6 26.2 
73.0 60.3 46.5 33.1 21.6 
67.9 54.6 40.8 28.0 17.6 
62.5 48.8 -35.2 23.3 14.0 





See Tables I and II for abbreviations. Underlined values are beyond the 95th percentile for normal fetuses. 

A Ao Vm and A CC PI are calculated by subtracting the normal expected mean for gestation from the measured Doppler 
value. The normal expected values for Ao Vm and CC PI from 20 to 42 weeks’ gestation are listed below. For example, a fetus at 
20 weeks’ gestation with an Ao Vm of 17.5 cm/sec (AAo Vm = —5) and a CC PI of 0.99 (ACC PI = —2.75) has a 98.7% chance 
of having an asphyxia index above the 95th percentile of its normal range. 


Gestational age 


Aortic mean velocity 


(wh) (cm/sec) 
20 22.5 
21 23.6 
22 24.7 
23 25.6 
24 26.5 
25 27.4 
26 28.1 
27 28.8 
28 29.4 
29 29.9 
30 30.3 
31 30.7 
32 31.0 
33 31.2 
34 31.3 
35 31.4 
36 31.3 
37 31.2 
38 31.1 
39 30.8 
40 30.5 
41 30.1 
42 29.6 


showed the highest correlations with the asphyxia index 
were the Aaortic mean velocity, Aaortic pulsatility in- 
dex, and Acommon carotid artery pulsatility index. The 
predictive ability of the individual Doppler measure- 
ments was greater if the ratios of common carotid to 
aortic velocity and pulsatility index were considered. 
The best combined predictor of asphyxia (ie., that with 
the lowest residuals SD and the highest coefficient cor- 
relation value) was the aortic-carotid index (Fig. 1). The 
50 individual values and the 95% intervals for the vari- 
ation among individuals around the regression line of 


Common carotid PI 
(units) 
3.74 
3.80 
3.85 
3.88 
3.90 
3.91 
3.89 
3.87 
3.82 
3.77 
3.69 
3.61 
3.50 
3.39 
3.26 
3.11 
2.95 
2.77 
2.58 
2.37 
2.15 
1.91 
1.66 


the asphyxia index on the aortic-carotid index are 
shown in Fig. 1. In 38 fetuses the aortic-carotid index 
was at least 2 SDs below the normal mean; in all these 
cases the fetal asphyxia index was above the normal 
mean. In 34 cases (89% of the cases with abnormal 
aortic-carotid index) it was 1 SD above and in 23 (60%) 
it was 2 SDs above the normal mean. All fetuses with 
a normal aortic-carotid index (n = 12) had normal 
blood gas results (no false negatives). Multiple regres- 
sion analysis did not improve the prediction of blood 
gases, pH, or asphyxia index above that of the best 
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single predictor in each case; therefore linear regres- 
sions only are presented. 

Table IV shows the prediction of percentiles of as- 
phyxia index obtained from the aortic mean velocity 
and common carotid artery pilsatility index measure- 
ments adjusted for gestational age. 


Comment 

Doppler ultrasonographic investigation facilitates the 
recognition of circulatory changes that occur in the 
human fetus under physiologic and pathologic condi- 
tions. This study examines the relationship between 
Doppler findings and the state of fetal oxygenation. 

Impaired uteroplacental perfusion, as demonstrated 
by the increased impedance to flow in the uteroplacen- 
tal circulation, is significantly correlated with fetal hy- 
poxemia. This supports the findings from histopath- 
ologic studies that in some pregnancies with SGA fe- 
tuses there is a failure of the normal developmerit of 


maternal placental bed arteries into low resistance ves-’ 


sels, and the concept that one of the causes of fetal 
growth retardation is poor maternal blood supply lead- 
ing to fetal malnutrition.” Therefore reduced oxygen 
supply to the intervillous space results in fetal hypox- 
emia. Increased uteroplacental resistance index cor- 
relates significantly with fetal hypoxemia, but not nec- 
essarily with hypercapnia and acidosis because these are 
more closely related to the metabolic response to hyp- 
oxia and to damage to the vasculosyncytial membrane. 

Whereas study of uteroplacental flow velocity wave- 
forms provides information about the maternal side of 
the intervillous space, studies of flow velocity wave- 
forms from the umbilical artery represent the fetal side 
of the exchange mechanism. Increased placental resis- 
tance may result from reduction in the number of pla- 
centa] terminal capillaries and small muscular arteries 
in the tertiary villi,'® or from vasoconstriction mediated 
by the hypoxia-induced release of vasoactive sub- 
stances. Thus the increase in pulsatility index correlates 
with the degree of fetal asphyxia and explains why 
increased resistance in the umbilical artery is associated 
with poor perinatal outcome. However, umbilical artery 
pulsatility index shows a weaker correlation with fetal 
asphyxia than the Doppler measurements of central 
fetal circulation, which are more directly related to fetal 
oxygenation. 

Aortic mean velocity and common.carotid artery pul- 
satility index are among the best individual predictors 
of fetal asphyxia. These are also the most reproducible 
Doppler measurements of the fetal circulation.* The 
finding that common carotid arterial mean velocity is 
a weaker predictor than common carotid pulsatility in- 
dex may be caused by inaccuracies in the measurement 
of the angle of insonation to the vessel. 

However, the altered fetal blood Po.-Pco, homeo- 
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Fig. 1. Individiial values (n = 50) and 95% intervals for 
the regression line of fetal asphyxia index [~ APO; + 1.43 
(APco,) — 180.2 (ApH)] versus Doppler aortic-carétid index 
[Aaortic mean velocity + 4.2 (Acommon carotid artery pul- 
satility index)]. The two vertical and horizontal lines represent 
the normal range (mean + SD) for the asphyxia index and 
the aortic-cdrotid index, respectively. A normal aortic-carotid 
index was always associated with normal fetal blood gases 
(n = 12). When this index was abnormal, 89% of the fetuses 
had an asphyxia index 1 SD above the normal range and 60% 
2 SDs above the mean. 


stasis is better represented by the inverse relationship 
of resistance and velocities in the descending thoracic 
aorta and cominon carotid artery rather than by the 
measurement of only one of them. This suggests that 
the human fetus responds to hypoxia in a similar fash- 
ion to that described in animals. Thus in hypoxia there 
is an increase in the blood supply to the brain and 
reduction in the perfusion of the gastrointestinal tract, 
kidneys, and lower extremities.’ Although knowledge 
of the factors governing circulatory readjustments and 
their mechanism of action is incomplete, it appears that 
partial pressures of oxygen and carbon dioxide play a 
role, presumably through their action on chemorecep- 
tors. Previous studies have attempted to make use of 
knowledge obtained from animal studies of hypoxia- 
induced centralization of flow by examining the ratio 
of the umbilical artery to the internal carotid artery 
pulsatility index in relation to growth retardation.'® " 
However, unlike the situation of the descending tho- 
racic aorta, the umbilical arterial flow velocity wave- 
forms are primarily influenced by the state of resistance 
in the placental microcirculation and not by the fetal 
chemoreceptor activity. 
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The ultrasonographic biometric measurements are 
weaker predictors of the fetal condition than Doppler 
measurements and, surprisingly, the symmetry or 
asymmetry of the growth pattern does not improve the 
correlation. These findings are compatible with the 
concept that: growth retardation is only one of the 
causes of fetal “smallness,” and the.degree of smallness 
depends on the severity of the growth-retarding insult 
and on the original growth potential of the individual 


fetus. Therefore it is not surprising that Doppler ul- 


‘ trasonography constitutes a more accurate method: of 
diagnosing fetal. asphyxia than the widely used bio- 
metric methods. ; 

The correlations between Dopplet measurements 
and fetal condition imply that the degree of abnor- 
mality of the Doppler findings parallels the severity of 
fetal compromise. Nonetheless, there is still a substan- 
tial amount of random variation, which can be seen as 


“scatter” around the regression line in Fig. 1. This could , 


be partly a result of technical inaccuracies in the Dopp- 
ler measurements or the biologic variation in the 
responsiveness of the individual fetus to the same 
stimulus. 

When the aortic-carotid index was abnornial, 60% of 
fetuses were severely asphyxiated, whereas ‘a normal 
ratio was always associated with good fetal oxygenation. 
Furthermore, the simple combination of common ca- 
rotid artery pulsatility index and aortic mean velocity 
measurements can be used to establish the probability 
of a given fetus being hypoxemic and acidemic. 


We thank Patrick Royston for-the statistical assis- 
tance. 
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More confidence in presumptive antibiotic 
therapy. Prescribing UNASYN presumptively is a step 
you can take with confidence. UNASYN covers gram- 

2 P F. positives (even enterococci), preva- 
“r t’s still li ke walki ng the lent gram-negatives, and anaerobes: 
The right combination for most 


high wire, but now I have patients with common mixed 
99 infections. * 
a safety net. And UNASYN minimizes safety 


concerns with a reliable penicillin- 
class profile. ' (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 
Expect strong support from UNASYN in the mixed 
infections* you face every day. 
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UNASYN 15 indicated for the treatment of inteckons due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus. Eschencha col.’ Klebsiella spp * 
{including K pneumoniae). Proteus miradilis.* Bacteroides fragilis * 
Enterobacter spp.. * and Acinetobacter caicoaceticus 
Intra-Abdominal intections caused by beta-lactamase producing strains of 
Escherichia colt. Klebsiella spp. (inciuding K pneumoniae’). Bacteroides 
spp. (including B fraguis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia col. * and Bacteroides spp * (nciuding 8 tragis”) 
“Efficacy tor this argamism in this organ system was studied in tewer than 10 
iMections 
While UNASYN (ampicilin sodium/suibactam sodium) is indicated only 
tor the condstions fisted above. infechons caused by ampicillin-susceptible 
Organisms are aiso amenable to treatment with UNASYN duetoits ampicilin 
content Therefore. mixed infections caused by ampiciliin-susceptible 
orgamsms and beta-lactamase producing organisms susceptible to 
UNASYN should nol require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in ndividuais with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TiC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITHA PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STERQIOS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A nigh percentage of patents with mononucleosis whe receive 
develop askin rash Thus. ampicilin class antibiotics should sot 
stered to patients with mononucieosis in patients treated with 
? possiblity of superinfections with mycolic or bacterial patho- 
gens should De kept :n ming during therapy If superintections accur 
(usually involving Pseudomonas of Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion ot 
ampicillin ang sulbactam Concurrent use of probenecid with UNASYN may 
resultin increased and prolonged biood levels ot ampicillin and sulbactam 
The concurrent administration of allopunnol and ampicilin increases sub- 
stantially the incidence of rashes in patients recewing both drugs as 
compared tc patients recewing ampiniin alone itis not known whether this 
potentiation of amp: n rashes 1s due to ailopunnoi or the hyperuncemia 
present in these patients There are no data wiih UNASYN and allopunnot 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro machivaben of aminagiycosides by 
the amprciiin component of UNASYN 
Orug/ Laboratory Test interactions: Administration of UNASYN will result 
in high umne concentrations of ampicillin. High unne concentrations of 
ampicilin May result in faise positive reacbons when testing for the 
presence of glucose in unne using Cimtest™. Benedict's Solution of 
ening s Soluton It is recommended that glucose fests based on en- 
zymahc glucose oxidase reactions (such as Clmistx’’ or Testape ~} be 
used Following adeunistration of ampicitha to pregnant women alransient 
decrease in plasma concentration of total conjugated estrigi, g3- 
{noiglucurcedé conjugated estrone, and estradiol has been noted Ths 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud 
ies in animais have not been performed to evaluate carcinogenic of muta» 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies nave deen performed in mice 
tats. and rabbits at doses up to ten (10) hmes the human dose and nave 
teveaied no evidence of snpatred fertility or harm to the fetus due to 
UNASYN There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used duning pregnancy 
only i clearly needed (See— Drug Laboratory Test interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the utenne tone. frequency of 
contractions, height of contractions. and duration of contractions How- 
ever itis not known whether the use of UNASYN in humans during fabar or 
delivery has immediate or delayed adverse effects on thefetus. prolongs the 
duration of labor. ar increases the likelihood that forceps delivery or other 
obstetrical intervention of resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicilin and sulbactam are 
excreted ia the miik: therefore. caution shouid be exercised when UNASYN 
15 administered to a nursing woman 
Pediatric Use: The etticacy and satety of UNASYN have not been established 
iaintants and chidren under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally weil tolerated. The foliowing adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at iM injection site— 16% 

Thrombophlebitis— 3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% a! the 
patents and rash in iess than 2% of the patients 
Additional systemic reactions reported in less than 1*e of the patients were 
itching. nausea. vomiting. candidiasis. fatigue, malaise. headache chest 
pain. flatulence. abdominal distension, giossitis. urine retention dysuna 
edema. facial swelling. erythema. chilis. tightness in throat substecnas 
pain. epistaxis and mucosal Dieeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug celabonship that were 
reported dunag cimeal mals were 

Hepatic increased AST (SGOT), ALT (SGPT) alkane phosphatase anc 

LDH 

Hematologic. Decreased hemoglobin. hematocrit. RBC. WBC. neue 

trophds. lymphocytes. platelets and imcreased lymphocytes. mong- 

cytes Dasophtis. eosinopniis. and piateigts 

Bloog Chemistry Decreased serum albumin ang tota! protens 

Renal. Increased BUN and creatinine 

Urinalysis. Presence of RBC s and hyaline casts in unne 
The following adverse reactions have been reported with ampiciiin-ciags 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis, black “hairy tongue, enterocolts 
and pseudomembranous colts 
Hypersensitivity Reactions: Urticaria, erythema muititorme. and an ocea- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be. controlied with anthistamines and, (t necessary. systemic cortico- 
steroids Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occ: 
sional fatal hypersensitivity (anaphylactic! reactions can occur wth a 
penicilin {see WARNINGS} 
Hematologic: in addition to the adverse iaboratory changes listed above far 
UNASYN. agranuiocytosis has been reported during therapy with pen- 
sculins All of these reactions are usually reversible on discontinua f 
therapy and are believed ta be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYYN in overall 
antianaerobic activity. ™™ Not 
clindamycin. Not metronidazole. 


“ e 
I used to think only two Nothing. 
r 7 A oan 7 And that’s nothing to overlook— 
th ung sın life e were cert ain. given the importance of anaerobes in 
today’s mixed infections. 
Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 


confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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Lower antibiotic costs without lowering 
your standards. UNASYN costs at least 40% less per 


day than clindamycin/ gentamicin orcefoxitin." Yet UNASYN 
is at least as effective in a variety 


of mixed infections. ** ° 


“We need g old-standard And in some studies versus combi- 
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1. Droegemueller W, Adamson DG, Brown D et al: Three-day treatment with buto- 
conazole nitrate for vulvovaginal candidiasis. Obstet Gynecol 1984;64(4):530-534. 

2. Prescribing information for Femstat® Prefill vaginal cream. 

*Microbiological cure rates in 95% of patients eight days following Femstat three- 

day therapy. 

“*In pregnant patients (second and third trimesters only), therapy should be 
extended to six days. 
Please see brief summary of prescribing information on page following 
this advertisement. 
© 1989 Syntex Laboratories, Inc. 


Femstat’ Prefil 
destroys the integrity 
of the yeast cell. 
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w A low incidence of reported adverse reactions’ 
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m Proven safe and effective for use in pregnant patients™ 
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3 prefilled disposable applicators 

u w Reduces risk of reinfection and ensures 
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m Eliminates messy filling/cleaning procedures. 
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BRIEF SUMMARY 


INDICATIONS: FEMSTAT® (butoconazole nitrate) 
vaginal cream 2.0% is indicated for local treat- 
ment of vulvovaginal mycotic infections caused 
by Candida species. Confirm the diagnosis by 
KOH smears and/or cultures. FEMSTAT can be 
used with oral contraceptives and antibiotics. It 
is effective in non-pregnant women and during 
the second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is contraindi- 
cated in patients hypersensitive to any of the 
ingredients, 


PRECAUTIONS: General: If clinical symptoms 
persist, repeat microbiological tests to rule out 
other pathogens and confirm the diagnosis. 
Discontinue drug if sensitization or irritation 
occurs, 


Information for the Patient: Do not discontinue 
prematurely during menstruation or because 
of symptomatic relief. 


Carcinogenesis: Animal studies have nat 
been done 


Mutagenesis: Mutagenicity studies were 
negative. 


impairment of Fertility: Animal studies showed 
no impairment of fertility. 


Pregnancy Category C: Adverse effects were 
noted in animals treated with high oral doses. 
No studies were done in women during first 
trimester. Patients in the second or third 
trimester have shown no adverse effects 
attributable to the drug 


Nursing Mothers: Use with caution 


Pediatric Use: Safety and efficacy have not 
been established. 


_ ADVERSE REACTIONS: Vulvar/vaginal burning 


in 2.3% of patients, vulvar itching in 0.9%. 
discharge, soreness, swelling, itching of fin- 
gers each in 0.2%. Complaints caused 1.6% 
to discontinue drug. 


DOSAGE AND ADMINISTRATION: Non-preg- 
nant Patients: The recommended dose is one 
applicatorful of cream (approximately 5 grams} 
intravaginally at bedtime for three days 
Treatment can be extended for an additional 
three days if necessary. 


Pregnant Patients (second and third trimesters 
only}: The recommended dose is one applica- 
torful of cream (approximately 5 grams} 
intravaginally at bedtime for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription 
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: Changes in uterine blood flow during human pregnancy 


Israel Thaler, MD, Dorit Manor, MD, Joseph Itskovitz, MD DSc, Shraga Rottem, MD DSc, 
Nathan Levit, MD, Ilan Timor-Tritsch, MD, and Joseph M. Brandes, MD 


Haifa, Israel 


A transvaginal duplex Doppler ultrasonography system was used to measure blood flow characteristics in 
the ascending uterine artery before and during pregnancy. The system uses a 5 MHz Doppler transducer 
coupled to a 6.5 MHz imaging probe. There was a steady increase in volume flow rate in the left 
ascending uterine artery from a mean of 94.5 ml/min before pregnancy to a mean of 342 ml/min in late 
gestation (reflecting a 3.5-fold increase). With the assumption of equal flow on both uterine arteries, the 
fraction of the cardiac output that is distributed to these vessels was calculated to be 3.5% in early 
pregnaricy and to reach 12% near term, The mean diameter of this vessel in the nonpregnant state was 
1.6 mm, increasing to 3.7 mm toward term. The resistance to flow, expressed as the peak systolic to 
end-diastolic flow velocity ratio, declined from a mean of 5.3 in the nonpregnant state to a mean of 2.3 
near term. These changes reflect the perpetual growth and development of the uteroplacental circulation, 
which provides the metabolic demands of the growing fetus throughout gestation. (Am J OBSTET GYNECOL 


1990;162:121-5.) 


Key words: Uterine blood flow, uterine arterial vascular resistance, diameter of ascending 
uterine artery, transvaginal duplex Doppler ultrasonography 


Pregnancy is associated with marked hemodynamic 
changes in the maternal vascular system, the most im- 
portant one being the perpetual growth and develop- 
ment of the uteroplacental circulation. As a result of 
the sharp rise in maternal cardiac output’ there is a 
substantial increase in uterine blood flow, which pro- 
vides for the metabolic demands of the conceptus 
throughout gestation. The total uterine blood flow was 
estimated to increase from 50 ml/min in early preg- 
nancy to 500 ml/min at term.’ Fetal growth was shown 
to be directly related to this incremental increase in 
uterine blood flow.’ Knowledge of the normal physi- 
ology of uterine hemodynamics is imperative both for 
definition of pathophysiologic concepts and for clinical 
evaluation of the uterine circulatory status. The main 
blood supply to the uterus during pregnancy (approx- 
imately 80%) originates in the uterine arteries.’ With 
the advent of the transvaginal duplex Doppler ultra- 
sonography system it is possible to measure various 
hemodynamic parameters of uteroplacental circula- 
tion. In this study we applied this method to measure 
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changes in uterine arterial flow characteristics through- 
out pregnancy. : 


Material and methods 

A total of 24 patients with low-risk pregnancy. par- 
ticipated in this study. All were nonsmokers and did 
not take medications except supplemental iron. The 
transvaginal flow studies were performed six times in 
each patient at the following gestational age periods: 6 
to 8 weeks, 14 to 16 weeks, 20 to 22 weeks, 26 to 28 
weeks, 31 to 33 weeks, and 36 to 39 weeks. A separate 
group that comprised 27 nonpregnant patients was also 
included in the study. A single measurement was ob- 
tained in each patient in this group. All studies were 
performed between 12 noon and 2 pM. On the exam- 
ination day, all patients had breakfast and a light snack 
1 hour before the study. During the examination, the 
patients were lying in a supine position on a two-level 
foam mattress so that the upper part of the body was 
on a higher level. With the knees bent and slightly 
elevated, the feet rested on the lower level of the mat- 
tress, some 30 cm below the upper level. This made it 
possible for the examiner to manipulate the transva- 
ginal probe at different angles and to locate the main 
branch of the uterine artery without discomfort to the 
patient. Blood flow measurements of the uterine artery 
were performed with a Doppler duplex system (Elscint 
ESI 2000) with a 6.5 MHz transvaginal imaging probe 
to which a 5 MHz pulsed Doppler transducer was cou- 
pled. A detailed description of the probe and the tech- 
nique of the transvaginal examination is given- else- 
where.’ Briefly, a coupling gel is applied to the probe, 
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Fig. 1, Time velocity waveforms in uterine artery at 28 weeks’ gestation. Peak and mean flow velocity 


curves are also shown. 
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Weeks of Gestation 


Fig. 2. Diameter of ascending uterine artery at different gestational ages. 


which then is inserted into a lubricated digit of a sterile 
rubber glove. The probe is introduced into the vaginal 
fornix and a segment of the main branch of the as- 
cending uterine artery is located. This is usually found 


in the parametrial region at the level of the internal 


cervical os (which can be readily visualized). The sam ple 
volume is then positioned so that it embraces the entire 
lumen of the vessel, and the time-velocity waveforms 
of the arterial flow are displayed when switching to the 
Doppler mode (Fig. 1), Whereas the direction of flow 


Volume 162 . 
Number 1 


S/D Ratio-Ascending Uterine Artery 


Changes in uterine blood flow during human pregnancy 123 





non 6-8 14-16 20-22 26-28 31-33 36-39 
pregnant : 


Weeks of Gestation 


Fig. 3. S/D flow velocity ratio in uterine artery during pregnancy. 


is always away from the transducer (negative velocity), 
it is also possible in many instances to identify flow 


toward the transducer, which originates from the cer-. 


vical branch of the uterine artery. The angle of inso- 
nation is determined and the mean velocity corre- 
sponding to the mean Doppler shift is then calculated. 
This velocity is multiplied by the cross-sectional area of 
the vessel to give an instantaneous volume flow, which 
is integrated over time to obtain the volume flow rate. 
The vessel area was calculated from a mean of four 
diameter measurements on a frozen two-dimensional 
scan. The systolic/ diastolic (S/D) flow velocity ratio was 
calculated on the basis of three waveform signals of 
good quality. A high pass filter was used to eliminate 
Doppler shifts <100 Hz. All measurements were per- 
formed in the left uterine artery, as the examiner was 


standing on the right side of the patient. This permitted ` 


more convenient manipulation of the probe and easier 
access to the vessel. All Doppler ultrasonographic mea- 
surements in this study were performed by the same 
investigator (I. T.). The mean intraobserver error was 
12% for diameter measurements, 9% for S/D ratio 
measurements, and 17% for volume flow rate mea- 
surements. 

Whereas Doppler measurements were conducted on 
the left uterine artery, no significant difference was 
observed between the left and the right uterine artery 
in a separate group of 32 patients. In this group we 


measured perfusion characteristics of the uterine artery 
on both sides at 2- to 4-week intervals from as early as 
5 weeks’ gestation up to 26 weeks. 


Results 


The diameter of the ascending uterine artery in- 
creased almost linearly throughout pregnancy (Fig. 2). 
The mean diameter of the vessel in the nonpregnant 
state was 1.6 mm and toward term it reached 3.7 mm, 
more than a twofold increase. The resistance to flow, 
expressed as the peak systolic to end-diastolic flow ve- 
locity ratio, declined rapidly over the first half of ges- 
tation and then continued to decline at a markedly 
lower rate (Fig. 3). Overall it declined from a mean of 
5.3 in the nonpregnant state to a mean of 2.3 near 
term. Measurements of volume flow rates in the left 
uterine artery throughout pregnancy showed a steady, 
almost linear, increase from a mean of 94.5 ml/min 
before pregnancy to a mean of 342 ml/min in late 
gestation (Fig. 4). 


Comment 


Only a few studies have been reported with regard 
to the changes in uteroplacental blood flow throughout 
human pregnancy. All are conducted on the basis of 
such methods as diffusion equilibrium technique® or 
radioisotope-dilution method,’ the accuracy of which 
is questionable.’ This is the first reported study con- 
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Fig. 4. Changes in uterine blood flow during pregnancy. 


ducted on the basis of Doppler ultrasonographic tech- 
nology, which provides information on volume flow 
rates in the uterine artery before and during human 
pregnancy. A progressive increase in uterine arterial 
flow was measured so that near term there was an ap- 
proximate fourfold increase in flow rate, as compared 
with the pre-pregnancy value. On the basis of the vol- 
ume obtained (assuming equal flow in both uterine ar- 
teries), the fraction of the cardiac output (estimated as 
the mean of the population) that is distributed to these 
vessels was calculated to be 3.5% in early pregnancy 
and near 12% near term. In the sheep, higher values 
were obtained, reaching 20% near term,® whereas in 
the monkey this fraction was 5.1% in the late phase of 
gestation? _ 

The most detailed information regarding uterine he- 
modynamic alterations in pregnancy is available from 
studies in sheep. Two stages in the growth and devel- 
opment of the uteroplacental circulation have been de- 


scribed. The first stage extends from the time of im- 
plantation through 0.6 of gestation (term is about 145 
days), and is reflective of the period of placental growth 
and development of new blood vessels.™® Placental 
blood flow represents approximately 60% of the total.‘ 
In the corresponding period of human pregnancy we 
have observed a sharp decline in the uterine vascular 


` resistance. Similar changes in compliance were detected 


by means of continuous-wave Doppler ultrasonography 
in the uterine arteries’! and in the radial or arcuate 
arteries.’* With the use of a transabdominal pulsed 
Doppler duplex apparatus, a similar trend was found 
in the arcuate vessels. The second stage extends in 
the sheep over the last 2 months of pregnancy and is 
characterized by an exponential growth of the fetus and 
a substantial increase in the cross-sectional area of the 
uterine vascular bed. This is attributed to hypertrophy 
of the vascular smooth muscle, a decrease in the col- 
lagen fraction of the uterine arterial tree and vaso- 
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dilation of the Yierophcenil TORS bed. The pla- : 


cental perfusion continues to rise until term when it 


accounts for 80% to 90% of the total uterine blood flow, . 
accommodating fetal growth. 5i During this period we ` 
observed only a small decrease in the resistance to flow ` 

‘ but the diameter of the uterine artery continued to’ 
increase almost linearly. Altogether vessel diameter in- `., 


creased 2.3 times throughout gestation. 


When total uterine blood flow in the sheep i was ex. 


pressed iri milliliters per minute per kilogram of uter- 


ine, fetal, and placental tissue, it declined gradually ` 
after the fourth week until it reached a constant level ` 
at midpregnancy.'® By examination of the data in Fig. 

4 it can be estimated’ that if uterine blood flow was A 
expressed in milliliters per minute per kilogram fetal ` 
weight (on the basis of population tables of mean fetal `` 
weight for the corresponding gestational age) it would `- - 
have shown a rapid fall until midpregnancy. Thereafter E 

it would have declined further until term, butata much. | 


lower: rate. 


Close’ relationships between ey and uterine 


blood flow and fetal growth have been described.** Any 


long-term alterations in the normal. incremental, in- 
crease of this flow could disrupt oxygen and. nutrient : 


supply to the fetus and result in Abnoraal growth of 
the fetus and the placenta. 


The high-frequency E duplex Doppler 
system offers a novel approach for investigation of per- 


fusion characteristics of the human uteroplacental cir- 


culation. It has an ‘obvious potential for the study of 
hemodynamic alterations in a wide variety of disorders. . 


Further studies in this direction are under way. 


REFERENCES. 


l. Lees MM, Taylor SH, Scott DB, Kers: MG.. A Caie of : 


. cardiac output at rest throughout pregnancy, J Obstet 
Gynaecol Br Commonw 1967; 74:319. 3 


. Changes in uterine blood flow during human pregnancy 125 


2. Maini CL, Galli G, Bellati U, Bonetti MG, Moneta E. Non- 
invasive radioisotopic evaluation of placental blood flow. 
_ Gynecol Obstet Invest 1985;19:196. 
3. Clapp JF, McLaughlin MK, Larrow R, Farnham J, Mann 
` LI. The uterine hemodynamic response to repetitive uni- 
lateral vascular embolization in the pregnant ewe. AM J 
. OBSTET GYNECOL 1982;144:309. 

4. Rosenfeld:CR, Morris FH, Makowski EL, Meschia G, Bat- 
taglia FC. Circulatory changes in the reproductive tissues 
of ewes during pregnancy. Gynecol Invest 1974;5:252. 

5. .Timor-Tritsch IE, Rottem S, Thaler I. Review of trans- 
vaginal ultrasonography: a description with clinical ap- 
plication. Ultrasound Quart 1988;6:1. 

6. Metcalfe J, Romney SL, Ramsey LH, Reid DE, Burwell 
CS. Estimation of uterine blood flow in normal human 
pregnancy at term. J Clin Invest 1955;34: 1632-8. 

7. Meschia G. Circulationof female reproductive organs. In: 

`. Shepherd JT, Abbound FM, eds. Handbook of physiol- 

“ogy. Bethesda, Maryland: American Physiology Society, 
1983:241-269 (vol 3). 


` 8. Rosenfeld -CR. Distribution of cardiac output in ovine 


pregnancy. Am J Physiol 1977;132:H231. 
-9. Lees MH, Hill JD, Ochsner AJ, Thomas CL, Novy MJ. 
’ Maternal placental and myometrial blood flow of the rhe- 
sus monkey during uterine contractions. AM J OBSTET 
“GYNECOL 1971;119:68. 


n 10. Teasdale F. Numerical density of nuclei in the sheep pla- 


- centa. Anat Rec 1976;185:187. 


* 11. Schulman H, Fleischer A, Farmakides G, Bracero L, Ro- 


chelson B, Grunfeld L. Development of uterine artery 
compliance in pregnancy as detected by Doppler ultra- 
sound. AM J OBSTET GYNECOL 1986;155:1031. 


12. Trudinger BJ, Giles WB, Cook CM. Uteroplacental blow 


- velocity-time waveforms in normal and complicated preg- 
nancy. Br.J Obstet Gynaecol 1985;92:39. 
13. Cohen-Overbeek TE, Pearce JM, Campbell S. The ante- 
» natal assessment of uteroplacental and fetoplacental blood 
flow using Doppler ultrasound. Ultrasound Med Biol 
_ 1985;2:329. 


_ 14. Griendling KK, Fuller EO, Cox RH. Pregnancy-induced 


changes in sheep uterine and carotid arteries. Am J Phys- 
- iol 1985;248:H658. 

15. Greiss FC Jr. Pressure-flow relationship in the gravid uter- 
ine vascular bed. AM J OBSTET GYNECOL 1966;96:41. 
16. Creasy RK, Barret CT, Deswiet M, Kahanpaa KV, Ru- 
© dolph AM. Experimental intrauterine growth retardation 

~in the sheep. Am J. OBSTET GYNECOL 1972;112:566. 


Plasma exchange for preeclampsia 


I. Postpartum use for persistently severe preeclampsia-eclampsia with 


HELLP syndrome 


James N. Martin, Jr., MD, Joe C. Files, MD, Pamela G. Blake, MSN, 
Patricia H. Norman, MD, Rick W. Martin, MD, L. Wayne Hess, MD, 
John C. Morrison, MD, and Winfred L. Wiser, MD 


Jackson, Mississippi 


The postpartum use of plasma exchange with fresh-frozen plasma was assessed in a group of seven 
women with severe preeclampsia-eclampsia and HELLP syndrome (hemolysis, elevated liver enzymes, 
and low platelet count) that persisted >72 hours after delivery. During the study interval in which a total of 
107 gravid women with HELLP syndrome were seen in our referral center, these seven patients (6.5%) 
demonstrated persistent thrombocytopenia (platelet count usually <30,000/mm’), rising lactic dehydrogenase 
(>1000 IU/L) and evidence of multiorgan dysfunction. The seven case histories emphasize the variety of 


clinical and laboratory profiles that can be encountered in this small group of gravid women at risk for 
severe morbidity or mortality. Up to three 3 L plasma exchanges were required to effect permanent 
disease arrest and reversal. Utilization of the IBM 2997 Cell Separator system permitted bedside 
performance of procedures with enhanced convenience and optimal medical management. Successful 
plasma exchange.was associated with (1) sustained increases in the mean platelet count at 24, 48, and 
72 hours that were 2.2, 3.6, and 4.5 times the preexchange platelet counts and (2) a decreasing trend in 
lactic dehydrogenase concentrations below 1000 IU/L within 48 hours of exchange plasmapheresis. The 
current series of patients supports our recommendation that a trial of plasma exchange(s) with fresh-frozen 
plasma be considered for treatment of the infrequent postpartum case of HELLP syndrome that fails to 
abate within 72 hours of delivery and in which other evidence develops of an ongoing, widespread, and 
life-threatening thrombotic microangiopathy. (Am J Osstet Gynecot 1990;162:126-37.) 


Key words: Plasma exchange, severe preeclampsia-eclampsia, HELLP syndrome, 


fresh-frozen plasma 


Delivery of the placenta with death of the supporting 
decidual tissue is the definitive therapy for gravid 
women with severe preeclampsia-eclampsia with or 
without evidence of hemolysis and thrombocytopenia 
(HELLP syndrome). Infrequently, parturient women 
with severe microangiopathic hemolytic anemia and se- 
vere preeclampsia-eclampsia fail to show improvement 
within 72 to 96 hours of delivery. Clinical manage- 
ment of those women whose disease does not spon- 
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taneously abate or becomes complicated by multi- 
organ dysfunction despite delivery and conventional 
obstetric-medical management continues to be a prob- 
lem that is associated with significant maternal morbid- 
ity and mortality.’ 

Several clinical investigators have reported the suc- 
cessful use of various forms of plasmapheresis and re- 
placement fluids for highly selected parturients with 
HELLP syndrome whose thrombotic microangiopathy 


did not resolve spontaneously after delivery.*”? During 


the last decade, numerous reports have appeared that 
recount the successful treatment by exchange plas- 
mapheresis of other gravid women who were consid- 
ered to have the closely related disease processes of 
thrombotic thrombocytopenic purpura or adult hemo- 
lytic uremic syndrome." The lines of demarcation be- 
tween definitions and diagnoses of these closely re- 
lated disorders of severe preeclampsia-eclampsia with 
HELLP syndrome, acute postpartum renal failure, 
thrombotic thrombocytopenic purpura, and adult. 
hemolytic uremic syndrome overlap considerably and 
render questionable the accuracy of diagnostic labeling 
in published case reports.’ ° Schwartz and Brenner" 
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Fig. 1. Clinical course of patient 1 including specifics of transfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P, and P3) is depicted. 


argued convincingly that most such patients truly rep- 
resent complicated expressions of preeclampsia. 

In 1981, investigations of the use of various methods 
of exchange plasmapheresis in cases of antepartum, 
immediately peripartum, or postpartum, simple (non- 
HELLP) or complicated (HELLP) severe preeclampsia- 
eclampsia was undertaken. In this report observations 
rélated to the therapeutic application of plasma ex- 
change with fresh-frozen plasma for the arrest of dis- 
easé and reversal of seven puerperal cases of severe 
preeclampsia-eclampsia and HELLP syndrome are out- 
lined. This is the largest patient series from a single 
institution and represents 6.5% of the 107 gravid 
women with HELLP syndrome managed at the Uni- 
versity of Mississippi Medical Center during the inter- 
val between April 1984 arid March 1988. 


Material and methods 

All study subjects were deliverd at the University of 
Mississippi Medical Center between April 1984 and 
March 1988. Decision to undertake therapeutic plasma 
exchange was collaborative by joint consultation be- 
tween a maternal-fetal medicine specialist and a he- 
matologist; the procedure itself was conducted by 
the University of Mississippi Medical Center Blood 
Bank’s Apheresis Unit. Criteria for initial or repetitive 
exchange therapy included (1) persistently severe 
preeclampsia-eclampsia with severe thrombocytopenia 
and mictoangiopathic hemolytic anemia >72 hours 
post partum, (2) evidence of significant internal or 
external bleeding, and/or (3) evidence of maternal de- 


terioration involving the central nervous system (sen- 
sorium changes, obtundation), renal system, cardio- 
pulmonary function, and/or coagulation system. All 
procedures were performed at the patient’s bedside in 
the postpartum intensive care area with a mobile IBM 
model 2997 Cell Separator unit. A continuous milliliter- 
for-milliliter exchange over a 90- to 120-minute time 
interval was performed with approximately 3 L of 
fresh-frozen plasma infused per treatment. Addition- 
ally, other blood components or fluids were adminis- 
tered immediately after cessation of plasma exchange 
to address the unique circulatory needs of each patient. 
A second or third plasma exchange procedure was per- 
formed on an individual basis after careful clinical and 
laboratory assessment. 

Close medical and nursing surveillance was main- 
tained throughout the clinical course of these pa- 
tients. Invasive cardiovascular monitoring was under- 
taken only if specifically indicated. Fluid overload was 
avoided by intensive monitoring of fluid input and out- 
put. Diuretic therapy usually was given within 12 hours 
after the conclusion of exchange therapy to encourage 
elimination of mobilized fluids. Magnesium sulfate by 
infusion was discontinued during the exchange pro- 
cess. Pertinent details of the seven patients receiving 
treatment are summarized. 


Case reports 

Case 1. An 18-year-old black primigravid woman was 
first seen at 22 weeks’ gestation with hypertension and 
a 3-day history of frontal headaches, blurred vision, 
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Table I. Clinical profiles of seven patients undergoing plasma exchange for severe puerperal preeclampsia 
and HELLP syndrome 










Case 


Gravidity and 
No. } 


l B l8 Gl, PO v 
2 B 36 G5, Pl-0-3-1 cs 
3 B «14 GI, PO cs 
4 W 20 G2, P0-0-1-0 cS 
5 B 15 G2, P0-0-1-0 V 
6 B 32 G2, P1-0-0-l cs 
7 W I5 GI,PO V 
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PEX, plasma exchange. 


facial edema, and dizziness. Admission laboratory val- 
ues revealed a 15% ‘hematocrit and platelet count of 
16,000/mm‘*. Two units of packed red blood cells was 
administered and the patients blood. pressure re- 
mained in the 150/90 to 160/100 mm Hg range. Early 
the next morning she was transferred to the University 


of Mississippi Medical Center after receiving hydral-. 


azine and magnesium sulfate. 
On admission, blood pressure was 140/92 mm Hg 


in the lateral recumbent position. Sonography revealed . 


a living singleton fetus as 22 weeks’ gestation with 
oligohydramiios. Maternal’ hematocrit was 26.2%; 
platelet count, 19,000/mm’; ‘serum glutamic oxaloace- 
tic transaminase (SGOT), 133 IU/L; lactic dehydro- 
genase (LDH), 2306 IU/L; blood urea nitrogen; 17 
mg/dl; creatinine, 1.2 mg/dl. Coagulation parameters 
were within normal limits. Urinalysis revealed protein- 
urea (2+) and 5 to 10 red blood cells per high-power 
fluid. No specific neurologic deficits were present al- 
though the patient complained of a moderate head- 
ache. The patient was considered to have severe 
preeclampsia with HELLP syndrome at 22 weeks’ ges- 
tation. 

Because of the severity st disease, laminaria tents and 
vaginal prostaglandin E, suppositories were used to in- 
duce delivery of a stillborn 240 gm male infant and an 
intact placenta. ‘Throughout this time, vital signs re- 
mained stable, adequate urine output continued, and 
no bleeding was noted. Intravenous platelet therapy 
was withheld. Immediate postpartum hematocrit was 
28% and the platelet count was 5000/mm’. 

Initially, the patients’ condition appeared to improve 
after delivery of the products of conception. However, 
by the third postpartum day this trend ceased and soon 
thereafter a slow rise in laboratory parameters diag- 
nostic of microangiopathic hemolytic anemia .became 
‘apparent (Fig. 1). Transfusion of seven units of packed 
red blood cells was required to maintain a satisfactory 
hematocrit. Fluid intake in excess of urine output con- 
tinued and a spontaneous diuresis did not ensue. By 
the fifth postpartum day a weight gain of 22 pounds 





B, Black; W, white; V, vaginal; CS, cesarean section; M, male; F, female; SB, stillborn; S, survived; P, preeclampsia; £, eclampsia, 


was present in addition to rising blood urea nitrogen, 
creatinine, uric acid, indirect bilirubin, LDH, and 
SGOT levels. Therefore furosemide therapy was ini- 
tiated. z 

Because of the persistence of severe thrombocyto- 
penia, hemolysis, and multiorgan dysfunction, plasma 
exchange therapy was undertaken on the sixth post- 
partum day. A second procedure was performed em- 
pirically 24 hours later. Soon thereafter the patient be- 
came afebrile, diastolic blood pressures were reduced 
to the 80 to. 100 mm Hg range, a diuresis ensued, and 
all laboratory parameters normalized. 

Case 2. A 36-year-old black woman, gravida 5, para 
1-0-3-1, was referred to University ‘of Mississippi Med- 
ical Center at 36 weeks’ gestation after a 3-day hospi- 
talization for treatment of severe hypertension, pro- 
teinuria (4+), icterus, and suspected liver disease after 
cholecystectomy years earlier. Important findings at ad- 
mission included a diastolic blood pressure of 120 to 
130 mm Hg, proteinuria (3+), platelet count of 
24,000/mm*%, hematocrit 37%, uric acid 9.5 mg/dl, total 
bilirubin 10.2 mg/dl (indirect 4.0 mg/dl), LDH 1101 
IU/L, creatinine 1.9 mg/100 ml, and normal coagu- 
lation parameters. Headache, scotomas, and facial 
edema were present. Sonography, revealed a viable fe- 
tus with 33-week parameters in a normal volume of 
amniotic fluid. The cervix was 80% effaced and 4 cm 
dilated: with the fetal vertex at the zero station. A de- 
cision for delivery was made. Internal fetal heart rate 
monitoring initiated after amniotomy (that produced 
clear fluid) revealed a flat baseline heart rate of 120 to 
140 beats/min with absent beat-to-beat variability and 
repetitive periodic late decelerations. Therefore an 
emergent low-segment transverse cesarean delivery was 
undertaken. An 1830 gm stillborn female infant with 
a large quantity of maternal ascites was delivered 20 
minutes later. Hemostasis was achieved without exces- 
sive operative blood loss. Macroscopic hematuria noted 
preoperatively gradually improved after delivery. In- 
travenous magnesium sulfate by constant infusion and 
intermittent hydralazine therapy were given. 
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Fig. 2. Clinical course of patient 2 including specifics of transfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P, and P3) is depicted. 


Early on the second postpartum day the patient be- 
came lethargic with confusion, slurred speech, and al- 
tered sensorium. Magnesium toxicity and hyponatre- 
mia as causative factors were suspected initially but then 
ruled out. Later that morning, tachypnea and hypox- 
emia with a Po, of 48 mm Hg were noted. A diagnosis 
of severe preeclampsia-induced adult respiratory dis- 
tress with permeability pulmonary edema was made. 
Aggressive management with oxygen and continuous 
positive airway pressure produced sensorium and 
blood gas improvements. 

Despite meticulous medical management and trans- 
fusion therapy during the first 82 hours post partum, 
severe thrombocytopenia and hemolytic anemia per- 
sisted. Thus a 3 L plasma exchange procedure with 12 
units of replacement fresh-frozen plasma was under- 
taken and followed by the slow transfusion of two units 
of packed red blood cells (Fig. 2). Although transient 
clinical improvement seemed to occur and the platelet 
count transiently rose to 64,000/mm!, other parame- 
ters failed to improve. The patient showed a rise in 
white blood cell count, early signs of congestive heart 
failure, and the need to have oxygen therapy restarted. 
On the eighth postoperative day (fourth postexchange 
day), evidence of a worsening microarigiopathic hemo-, 
lytic anemia led to the uncomplicated performance of 


a second 3 L plasma exchange. Thereafter, all clinical 


and laboratory parameters rapidly improved with hos- 
pital discharge 3 days later when the LDH value fell to 
505 IU/L and platelets rose to 361,000/mm°. ` 

Case 3. A black 14-year-old primigravida presented 
at 26 weeks’ gestation to her local physician with chest 


pain-pressure and a cold with cough. After a 36-hour 
unsuccessful attempt to control the patient’s 190/130 
mm Hg blood pressure with a-methyldopa therapy, her 
physician transferred her to the University of Missis- 
sippi Medical Center after the initiation of a magnesium 
sulfate infusion. On arrival, laboratory and clinical as- 
sessment included a blood pressure of 140/100 mm 
Hg, proteinuria (3+), LDH 1220 IU/L, SGOT 867 
IU/L, platelet count 61,000/mm’, and normal chest 
x-ray film, electrocardiogram, arterial blood gas val- 
ues, and fibrinogen-coagulation functions. A singleton 
breech fetus at approximately 27 weeks’ gestation with 
normal amniotic fluid was visualized by ultrasonogra- 
phy. After a decision to terminate the gestation, a 904 
gm female infant was delivered by low-segment vertical 
cesarean operation. Forty-eight hours later, the ma- 
ternal platelet count and hematocrit had fallen to 
17,000/mm! and 23.2%, respectively. Infusion of two 
units of packed red blood cells and two units of fresh- 
frozen plasma failed to reverse the process. Seventy- 
six hours after cesarean delivery, with a platelet 
count of 10, 000/mm%, the patient underwent a 3 L 
plasma exchange procedure. During the ensuing 12 
hours, four additional units of packed red blood cells 
was transfused slowly. Evidence of hemolysis waned 
and daily platelet: counts thereafter at 24-hour in- 
tervals climbed to 50,000/mm', 69,000/mm* and 
116,000/mm’, respectively (Fig. 3). 

Case 4. A 20-year-old white, parturient woman, grav- 
ida 2, para 0, was admitted in labor at 33 to 34 weeks’ 
gestation with heavy vaginal bleeding, a low-lying, pos- 
teriorly implanted placenta, and a breech presentation. 
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Fig. 3. Clinical course of patient 3 including specifics of transfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P) is depicted. 


A low-segment cesarean delivery produced an 1880 gm 
female infant with Apgar scores of 6 and 10 and a cord 
pH of 7.26. Before and after operation, maternal blood 
pressures vacillated between 112/70 and 160/100 mm 
Hg, but diastolic pressures usually remained <90 mm 
Hg. She was not considered to have preeclampsia. 

During the night of the sixth postoperative day, the 
patient became hypertensive and developed a severe 
headache. Early the next morning, at 4:45 am, she had 
an eclamptic, generalized grand mal seizure associated 
with a blood pressure of 150/100 mm Hg and pro- 
teinuria (1 +). Magnesium sulfate and hydralazine were 
administered. Computerized tomographic scanning 
and lumbar puncture tests were normal; no further 
seizure activity occurred. 

During the ensuing 72 hours, a progressive fall in 
platelet count and hematocrit was observed concomi- 
tantly with a rise in serum LDH and evidence on 
peripheral smear suggestive of a thrombotic microan- 
giopathy. Fibrinogen and prothrombin time—partial 
thromboplastin time coagulation parameters remained 
within normal limits. Thus a 3 L plasma exchange was 
undertaken and followed over the next 12 hours with 
transfusion of three units of packed red blood cells (Fig. 
4). Diuresis began after cessation of the plasma ex- 
change. Because of the attending physician’s concern 
about the postexchange platelet count of 19,000/mm’, 
a 10-unit platelet pack was ordered to be given with an 
immediate posttransfusion rise in platelet count to 
148,000/mm!. Since the LDH value on the morning 
after exchange was 649 IU/L with a platelet count of 
115,000/mm*, a second plasma exchange procedure 
was postponed. Continued stabilization of the LDH val- 
ues and a rise in the platelet count to 143,000/mm* by 


the third morning after exchange signaled resolution 
of the disease process and the patient was POEPEN 
home. ‘ 

Case 5. A 15-year-old black patient, aand 2, para 
0-0-1-0, was transferred to the University of Mississippi 
Medical Center from her local hospital after a 4-day 
history of elevated blood pressure and proteinuria at 
36 weeks’ gestation. Pertinent admission laboratory val- 
ues included a hematocrit of 37%,° platelet count 
128,000/mm’, uric acid 7.4 mg/dl, and LDH 224 
IU/L. Subsequent to the administration of intravenous * 
oxytocin and magnesium sulfate, she was delivered vag- 
inally of a 2560 gm male infant with Apgar scores of 
10 and 10. The placenta was delivered spontaneously 
minutes later. Within 12 hours of delivery, a temper- 
ature spike of 101.6° F occurred. Evaluation and treat- 
ment for presumed endomyometritis were undertaken 
with expansion to triple-drug therapy on the third post- 
partum day. Two units of packed red blood cells was 
infused when a hematocrit’on the second postpartum 
morning was noted to be 20%. In response to trans- 
fusion, the hematocrit rose to 29.5% but the platelet 
count was 46,000/mm‘* and proteinuria (4+) was pres- 
ent. Magnesium sulfate therapy was continued with 
close observation and monitoring of the moderately 
elevated blood pressure. 

Despite apparent stabilization of platelet counts-over 
the ensuing 48 hours, other laboratory parameters 
clearly suggested ongoing hemolysis, including a falling 
hematocrit, elevated indirect bilirubin level, and an 
LDH of 2464 IU/L late on the fourth postpartum day. 
Evidence of impaired renal function was present. 

On the sixth postpartum day, ultrasonographic ex- 
amination of the uterus suggested abnormally re- 
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Fig. 4. Clinical course of patient 4 including specifics of transfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P) is depicted. 


tained fluid and products of conception. However, lab- 
oratory parameters revealed severe thrombocytopenia 
(14,000/mm!’), severe anemia (15%), and further ele- 
vated values for creatinine (1.3 mg/dl) and utic acid 
(8.1 mg/dl) in the presence of very high LDH 
(2459 IU/L). Although a protamine sulfate test result 
was positive, fibrinogen and prothrombin time—partial 
thromboplastin time values were within normal limits. 
Therefore a-3 L plasma exchange with 12 units of fresh- 
frozen plasma was undertaken with subsequent slow 
transfusion of four units of packed red blood cells 
(Fig. 5). Early the next morning, furosemide therapy 
was initiated after the development of tachycardia, 
tachypnea, and chest x-ray findings suggestive of early 
congestive heart failure and pulmonary edema. 

Later on the seventh postpartum day, with the pa- 
tient’s condition now stable, dilatation and suction— 
sharp curettage were gently undertaken to remove the 
retained products of conception seen on ultrasonog- 
raphy. A second 3 L plasma exchange was performed 
soon after operation. In the ensuing 24-hour pe- 
riod, blood pressure stabilized in mildly hypertensive 
ranges, diuresis was established, platelet count rose to 
80,000/mm!, and other signs and symptoms suggested 
resolution of the disease process. Seventy-two hours 
later the patient was discharged. 

- Case 6. A 32-year-old, black woman, gravida 2, para 
1-0-0-1, was transferred to the University of Mississippi 
Medical Center at 26 weeks’ gestation soon after she 
was seen by her referring physician with abdominal and 
low back pain, uterine contractions, generalized non- 
dependent edema, headache, blurred vision, hyperten- 
sion, and obesity. One year earlier the patient had 
had eclampsia with her first pregnancy. Hypertension 


(190/110 mm Hg) and proteinuria (4+) were observed 
after transfer. Additional laboratory findings included 
hematocrit 37%, platelets 58,000/mm', blood count 
21,000/mm?, BUN 32 mg/dl, creatinine 2.5 mg/dl, uric 
acid 8.6 mg/dl, SGOT 180 IU/L, LDH 1384 IU/L, 
fibrinogen 250 mg/100 ml, and >40 ug/ml fibrin split 
products. Clinically and sonographically the patient was 
considered to have an abruptio placentae associated 
with a 26-week gestation, low-normal levels of amniotic 
fluid, and an anteriorly implanted grade III placenta. 
After rapid maternal-fetal stabilization ana assessment, 
an uncomplicated low-segment transverse cesarean de- 
livery of a meconium-stained 879 gm female infant with 
Apgar scores of 2, 2, and 4 was undertaken. A large, 
retroplacental 500 ml hematoma involving approxi- 
mately 25% of the circumvallate placenta was found at 
operation. Two units of packed red blood cells and two 
units of fresh-frozen plasma were administered to the 
patient. 

After operation efforts were continued to prevent 
seizures with magnesium sulfate, to maintain renal 
blood flow and urine output through fluid and blood 
product infusions, and to control hypertension. Be- 
cause of a platelet count of 21,000/mm‘ late on the first 
postoperative day, a 10-unit platelet pack infusion, fol- 


’ lowed by two additional units of fresh-frozen plasma, 


was undertaken. Five units of packed red blood cells 
was administered during the first 60 hours after op- 
eration to maintain a hematocrit =30% (Fig. 6). Pro- 
thrombin time, activated partial thromboplastin time, 
and fibrinogen level remained within normal limits. 
Early on the third postoperative day, fluid overload 
was diagnosed with a diffuse pattern on chest x-ray 
film, shortness of breath, and a Po, of 56 on room air. 
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Fig. 5. Clinical.course of patient 5 including specifics of transfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P, and P3) is depicted. 


_ Table II. Response of platelet count and LDH to plasma exchange in patients with severe persistent 
puerperal preeclampsia and HELLP syndrome 











Case 1 Case 2 


Platelet count 


(x 1000/mm’) 

Initiation of therapy 10 24 17 32 10 
24 hr later 24 70 64 57 50 
48 hr later — 180 54 156 69 
72 hr later — 297 46 260 116 

LDH (IU/L) 

Initiation of therapy 2595 1332 1138 1608 2393 
24 hr later 1332 938 1088 1230 709 
48 hr later — 934 1181 882 — 





PEX, Plasma exchange. 


Nasal oxygen and furosemide therapy effected a 
prompt improvement. However, because of persis- 
tently severe microangiopathic hemolytic anemia, a` 
course of plasma exchange-therapy was initiated. On 
each of the third, fourth, and sixth postpartum days, 
3 L plasma exchanges were undertaken and oxygen, 
continuous positive airway pressure , and diuretic ther- 
apy were continued. With resolution of hemolysis, a 
rising platelet count to 74,000/mm’, and complete res- 
olution of all fluid-pulmonary problems, the patient 
was observed thereafter and antihypertensive therapy 
was continued. On the tenth postpartum day platelets 
measured 153,000/mm‘', the hematocrit remained sta- 


Case 3: 


PEX: 





27 17 27 39 29 79 47° 86 
; 55 74 148 166 
87 — 79 120 8& 337 
143 — 138 — — 153 — — 


1260 2459 803 1084 747 633 1682 707 
456 803 830 747 575 491 653 465 
588 — 842 — 633 485 707 — 


ble at 32%, antibiotics were discontinued, and the LDH 
had fallen below 500 IU/L. The next day she was dis- 
charged on a regimen of methyldopa; when she re- 
turned 2 weeks later, she was normotensive. 

Case 7. A 15-year-old white primigravida was first 
seen in labor at 41 weeks’ gestation, with a 3-week 
history of pedal edema and occasional headache. 
Admission findings included a blood pressure of 
170/100 mm Hg, proteinuria (1+), and platelet count 
of 135,000/mm‘. After oxytocin augmentation of labor 
and initiation of intravenous magnesium sulfate, the 
patient was delivered vaginally by low forceps, while 
she was under pudendal analgesia, of a 3820 gm male 
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Fig. 6. Clinical course of patient 6 including specifics of trqnsfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P,, Pz, and P;) is depicted. 


infant with Apgar scores of 6 and 9 at 1 and 5 minutes. 
Intermittent intravenous administration of hydralazine 
was required for blood pressure control of recordings 
as high as 188/118 mm Hg. 

Magnesium sulfate by infusion was inadvertently dis- 
continued prematurely 12 hours post partum before 
spontaneous diuresis developed at 26 hours. During 
the first 48 hours after delivery, hematocrit and platelet 
values steadily fell to 23% and 32,000/mm’, respec- 
tively, while serum LDH and indirect bilirubin concen- 
trations rose. Although platelet concentrations re- 
mained stable in the 30,000/mm* to 50,000/mm' range 
over the next six postpartum days, the serum LDH 
concentration continued to rise (Fig. 7). Fibrinogen val- 
ues and prothrombin and partial thromboplastin times 
remained in normal ranges. Episodes of severe hyper- 
tension with proteinuria persisted despite generous use 
of hydralazine, hydrochlorothiazide, and reinstitution 
of magnesium sulfate by intravenous infusion. 

Therefore a 3 L plasma exchange with 10 units of 
fresh-frozen plasma was undertaken on the eighth 
postpartum day. At 24 and 48 hours after exchange, 
platelet levels were 133,000/mm* and 86,000/mm‘, re- 
spectively, and LDH values were 653 and 707 IU/L, 
respectively. A second 3 L plasma exchange with 14 
units of fresh-frozen plasma was undertaken on the 
tenth postpartum day, also without adverse sequelae. 
Thereafter, LDH concentrations fell below 500 IU/L 
and platelets rose to 166,000/mm* and 337,000/mm* 
at 24 and 48 hours. Intravenous infusion of magnesium 
sulfate was discontinued with resolution of the throm- 


botic microangiopathy. The addition of a-methyldopa’ 


to the antihypertensive therapy regimen helped to 
achieve normalization of blood pressure. On the four- 


téenth postpartum day, the patient was discharged 
home. 


Results 


The uniqueness of each patient’s clinical course in 
this investigation precludes extensive comparisons. 
However, some observations can be summarized. Pa- 
tients ranged in age between 14 and 36 years with only 
three who were primigravid. Gestational age at delivery 
ranged from 22 to 41 weeks; all patients except one 
were deliverd of their infants in the third trimester. 
Two stillborn infants were delivered; all other neonates 
did well and ranged in weight between 879 and 3820 
gm. Four infants were female and three were male. All 
patients had severe preeclampsia with HELLP syn- 
drome, except one who had eclampsia (case 4). Initial 
plasma exchange was undertaken between 3 and 10 
days post partum (mean 5.6 days) in these patients. A 
single exchange was undertaken in two subjects, two 
exchanges were administered in four patients, and a 
single patient required three procedures to effect arrest 
and reversal of disease (Table I). 

Indications for the initial plasma exchange proce- 
dure included evidence of severe puerperal thrombo- 
cytopenia (usually =30,000/mm’ for =72 hours) and 
persistent microangiopathic hemolytic anemia with 
markedly elevated concentrations of LDH (usually 
>1000 IU/L) and need for repetitive transfusion of 
blood to maintain an acceptable hematocrit. Secondary 
considerations for plasma exchange included difficult- 
to-control hypertension in five parturients, evidence of 
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deteriorating renal function in four parturients, car- 
diopulmonary dysfunction manifested as permeability 
pulmonary edema in one patient (case 2), and senso- 
rium changes in a single patient (also case 2). 

Rigid guidelines for repetitive plasma exchange were 
not established at the initiation of this investigation nor 
can they be in view of the uniqueness of each patient’s 
disease presentation. Thus individualization with var- 
ious treatment intervals was undertaken. In the five 
patients who underwent more than a single procedure, 
three (cases 1, 5, and 6) initially underwent two repet- 
itive exchanges 24 hours apart. The second and third 
exchange in case 6 and the two exchanges in case 7 
were 48 hours apart. Only in case 2 was there at least 
a 72-hour interval between plasma exchange proce- 
dures to be evaluated in addition to the final procedure 
for each of the seven treated patients for study of the 
full impact of this treatment modality on various lab- 
oratory parameters. 

The platelet count at initiation of plasma exchange 
therapy for the seven study subjects ranged be- 
tween 10,000/mm? and 47,000/mm° with a mean of 
23,900/mm! (Table II). A second exchange procedure 
was undertaken in five of seven patients, at which 
time platelet counts ranged between 24,000/mm? and 
86,000/mm’ (mean 39,600/mm!'). Once a remission 
from the HELLP syndrome process was induced by 
plasma exchange, subsequent platelet counts at 24, 48, 
and 72 hours usually demonstrated a consistently up- 
ward trend and increased a mean of 2.2, 3.6, and 4.5 
times above the platelet. count just before exchange 
therapy. In contrast, in three patients whose initial 


plasma exchange procedure was inadequate for disease _ 


arrest and reversal and in whom there was at least a 
48-hour interval between unsuccessful and successful 
plasma exchanges, the initial rise in platelet count at 
24 hours usually. was not sustained at 48 and 72 hours. 

The LDH concentration for the seven study subjects 
ranged between 1084 and 2595 IU/L (mean 1801 
IU/L) at the initiation of plasma exchange therapy. 
Successful exchange therapy was associated with a de- 
-creasing trend in LDH values which consistently fell 
below 1000 IU/L within 48 hours (Table II). 

No serious short- or long-term sequelae from the 
plasma exchange procedures were observed. One pa- 
tient (case 5) showed signs and symptoms of congestive 
heart failure after the transfusion of four units of 
packed red blood cells in the postexchange period. Di- 
uretic therapy effected a rapid recovery. The trans- 
fusion of blood after exchange, not the plasma ex- 
change itself, was considered to be the primary cause 
of the problem. The patient with permeability pul- 
monary edema and adult respiratory distress syndrome 
in association with severe preeclampsia and HELLP 
syndrome did not show deterioration of her condition 
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after plasma exchange but instead had an improvement 
in pulmonary function. All study subjects were dis- 
charged home in satisfactory condition. 


Comment 


The occurrence of microangiopathic hemolytic ane- 
mia has been recognized for several decades as a rare 
complicated form of severe preeclampsia-eclampsia. 
Recently given the acronym of HELLP syndrome by 
Weinstein” to highlight the triad of hemolysis (H), el- 
evated liver (EL) enzymes, and low platelets (LP) found 
in these patients, this disorder of unclear pathogenesis 
and pathophysiologic features has been associated with 
significant maternal'and perinatal morbidity and mor- 
tality. In the largest extant published series of patients 
with HELLP syndrome, Sibai et al.’ studied 112 gravid 
women and reported two maternal deaths, two patients 
with ruptured liver hematomas, and nine patients with 
acute renal failure. Most investigators emphasize that 
this clinical disorder requires early recognition and ag- 
gressive therapy including expeditious delivery of the 
fetus and placenta. With rare exception, there is spon- 
taneous, progressive resolution of the HELLP syn- 
drome after delivery with attainment of platelet counts 
>100,000/mm! within 72 hours of cesarean section or 
vaginal parturition (unpublished observations). 

A very small subgroup of gravid women with HELLP 
syndrome fail to undergo disease arrest and reversal 
after expeditious delivery and conventional manage- 
ment. In these rare patients with unremitting disease, 
alternative therapy is needed. 

Recently, a number of other clinical investigators 
have reported the successful use of plasma exchange 
with fresh-frozen plasma for patients who could be con- 
sidered to have severe preeclampsia or eclampsia with 
HELLP syndrome. Since Kris and White’s case’ of a 
patient with severe eclampsia-HELLP syndrome who 
responded to serial plasma exchanges with fresh-frozen 
plasma and several hemodialyses, other reports have 
appeared in the obstetric literature. Before this report 
there were only 15 patients in the world’s literature 


who were delivered before the initiation of exchange . < 


therapy and, on the basis of clinical and laboratory 
findings; could be considered to have severe pre- 
eclampsia with many of the same features of severe 
multiorgan dysfunction that are found in parturient 
women with other thrombotic microangiopathies.*” 
The two gestational thrombotic microangiopathies 


‘termed adult hemolytic uremic syndrome and throm- 


botic thrombocytopenic purpura, as well as the infre- 
quently encountered disorder of acute postpartum re- 
nal failure, seem to share common pathophysiologic 
mechanisms with severe preeclampsia-cclampsia and 
HELLP syndrome.'*’ All of these disorders express 
an underlying thrombotic microangiopathy consisting 
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Fig. 7. Clinical course of patient 7 including specifics of transfusion and laboratory parameters 
(platelets, LDH) in relation to plasma exchange procedures (P, and P,) is depicted. 


essentially of platelet and vessel wall malfunction as 
opposed to thrombin-generated coagulation disruption 
seen in patients with disseminated intravascular coag- 
ulation.’ Because plasma manipulation in the form of 
plasma exchange with fresh-frozen plasma or simple 
plasma infusion has become a cornerstone of therapy 
for thrombotic microangiopathies,” it is not surprising 
that similar therapy effects a beneficial response in par- 
turient women with persistent puerperal HELLP syn- 
drome. 

Increasing evidence indicates that endothelial cell in- 


jury, clotting, and fibrinolysis may have a central role ` 


in the pathophysiologic features of preeclampsia.2°?? 
Deficient or functionally impaired prostacyclin result- 
ing in an imbalance of vasodilator-vasoconstrictor fac- 
tors in the capillary endothelium may be the primary 
cause of platelet consumption, abnormal platelet forms, 
microangiopathic hemolytic anemia, and multiple or- 
gan dysfunction in HELLP syndrome and its sister dis- 
orders.” Alternatively, an immune cause such as anti- 
endothelial cell antibodies, platelet antibodies, or ac- 
celerated platelet actiyation by circulating immune 
complexes may enhance vasoactivity with resultant en- 
dothelial damage. ` An Escherichia coli—produced viro- 
toxin with direct and dose-dependent cytotoxic damage 
to vascular endothelium has been proposed to be of 
direct pathogenic significance in the causation of adult 
hemolytic uremic syndrome.™ 

Exchange plasmapheresis with fresh-frozen plasma 
may work via either the removal of an insulting agent 
or the supplementation of a deficient plasma factor(s) 


that reduces platelet aggregation and permits endo- 
thelial recovery. Therapeutic plasma exchange also may 
work by facilitating the removal of nonspecific factors 
such as cellular debris and mediators of inflammation 
and lymphokines that contribute to the severity of a 
process without being its root cause. The precise fac- 
‘tor(s) has not been identified and the optimal duration 
and volume of plasma exchange remain unknown. 

In this report only serial platelet counts and LDH 
values have been depicted. Serum levels of LDH appear 
to reflect that extent of microangiopathic hemolytic 
anemia, as well as hepatic disease (isozyme LDH5). Use 
of LDH is valuable as a commonly used monitor for 
effectiveness of exchange plasmapheresis for treatment 
of thrombotic thrombocytopenic purpura. Now in 
preparation is a further in-depth comparative study 
of laboratory profiles of the patients with HELLP who 
required plasma exchange and a much larger cohort 
of gravid women who underwent spontaneous remis- 
sion of HELLP-complicated severe preeclampsia- 
eclampsia. 

Because coagulation parameters such as prothrom- 
bin time, partial thromboplastin time, and fibrinogen 
are normal in most gravid women with HELLP syn- 
drome, many investigators do not consider that dissem- 
inated intravascular coagulation with activation of co- 
agulation and fibrinolytic pathways is a common oc- 
currence in this form of severe preeclampsia-eclampsia. 
However, Greer et al. proposed that mild dissemi- 
nated intravascular coagulation probably does occur as 
a component of severe HELLP syndrome. Testing of 
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prothrombin time, partial thromboplastin time, and fi- 
brinogen has low sensitivity for the changes of dissem- 
inated intravascular coagulopathy seen in preeclampsia 
and would not be expected to reflect mild degrees of 
coagulation activation. Future investigations of plasma 
exchange therapy in women with HELLP complicated 
with severe preeclampsia therefore should include sen- 
sitive indices of fibrinogen-fibrin breakdown (fibrino- 
peptide A, soluble fibrinogen-fibrin complexes) with 
attention to how these are affected by plasma manip- 
ulation.” i 

A sequence of repetitive plasma exchange proce- 
dures at ‘individualized intervals with 100% fresh- 
frozen plasma replacement, each equal in approximate 
volume to approximately 3 L, appears to be superior 
to exchange procedures with proportionately less fresh- 
frozen plasma and proportionately more non-plasma 
fluid replacement. The use of fresh-frozen plasma as 
the only replacement fluid for these seven severely ill 
puerperal patients with HELLP syndrome may be the 
most important therapeutic factor in the treatment pro- 
cess. The range of plasma requirements for the indi- 
vidual patient remains quite, variable so that optimal 
guidelines for volume and duration of therapy are dif- 
ficult to establish. Initially, the intent was to undertake 
two consecutive daily plasma exchanges and then ob- 
serve for 24 hours before a decision to continue daily 
or alternate-day therapy. After concluding this phase 
of our initial investigations, we now believe it best to 
administer a single 3 L plasma exchange (10 to 14 units 
of fresh-frozen plasma) with the intention of repeating 
it in 48 to 72 hours if laboratory and clinical infor- 
mation do not suggest a trend toward resolution of 
disease. l 

No serious reactions occurred in this series of patients 
who underwent exchange plasmapheresis. Although 
no systematically collected data have been published to 
quantitate the risks of therapeutic plasma exchange, 
there have been at least 50 procedure-related deaths 
reported worldwide. It is estimated that there are 
three deaths per 10,000 procedures.” Potentially se- 
rious reactions include device-related problems such as 
red blood cell hemolysis and procedure risks such 
as plasma-transmitted infections, allergic reactions— 
anaphylaxis, citrate-induced hypocalcemia, fluid im- 
balance, difficult vascular access, inadvertent coag- 
ulation activation, hemorrhage that is secondary to 
systemic anticoagulants, and volume replacement with 
fluids lacking needed plasma components. Thus careful 
and cautious selectiori of patients for this therapeutic 
modality is to be emphasized. Use of a continuous-flow 


IBM 2997 machine versus an intermittent-flow device ` 


shortens the plasma exchange process and minimizes 
the risk of volume overload. Performance of plasma 
exchange by experienced apheresis unit personnel also 
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is critically important to minimize complications. 
The current series of patients extends and supports 
the observation that the addition of aggressive plasma 
exchange to the management of severe complicated 
puerperal HELLP syndrome will result in high reso- 
lution rates. This therapeutic modality as used in our 
study appears to be highly effective in inducing a re- 
mission in the parturient woman who either fails to 
show a normalizing trend within 72 hours of delivery 
or shows further clinical deterioration despite delivery 
and conservative medical therapy. Thus we recommend 
that a trial of plasma exchange should be considered 
if a postpartum patient, usually beyond 72 hours of 
delivery, develops deteriorating neurologic, hepatic, re- 
nal, and/or hematologic status in the presence of an 
ongoing thrombotic microangiopathy. While prospec- 
tive comparative studies are needed to further define 
the role and the details of use of this treatment modality 
in this disorder and circumstances, we feel that this 
approach to treatment offers great promise. 


We gratefully acknowledge the important contribu- 
tions of the University of Mississippi Medical Center 
Medical Illustration staff, the apheresis nurses of the 
University of Mississippi Medical Center Blood Bank 
Services, the labor and delivery staff, and the resident 
physicians who helped care for these patients. 
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Anti-vascular endothelial cell antibodies in severe preeclampsia 


Valerie J. Rappaport, MD, Greigh Hirata, MD, Hui Kim Yap, MD, and 


Stanley C. Jordan, MD 
Los Angeles, California 


There is mounting evidence to suggest that vascular endothelial cell injury plays an important role in the 
pathogenesis of preeclampsia. In this study an enzyme-linked immunoassay was used to demonstrate 
increased binding of immunoglobulins G and M to human umbilical vein endothelial cells by sera from 
women with severe preeclampsia as compared with normal pregnant control women. Fifty percent of 
women with preeclampsia versus 15.4% of control women had either immunoglobulin “G or immunoglobulin 
M binding. In addition, immunofiuorescent staining of normal renal cortical tissue with preeclamptic sera 
showed increased binding of immunoglobulin G to arterioles i in patients with anti-vascular endothelial cell 
antibodies. These antibodies were not directed at HLA antigens and did not cross react with platelets. 
Interferon-y stimulation did not increase immunoglobulin binding. Antibodies to antigens expressed on 
vascular endothelial cells may be important in mediating the endothelial damage seen in preeclampsia. 


(Am J Oster GYNECOL 1990;162:138-46.) 


Key words: AA immunology, anti-vascular endothelial cell antibodies, fibronectin 


Preeclampsia is a multisystem disease of unknown 
etiology. Recently there has been interest in the role of 
vascular endothelial damage ‘in the pathogenesis of this 
disorder. Histologic examination of preeclamptic tis- 
sues shows characteristic alterations in the morphologic 
features of the vascular endothelium." ? In addition, 
many of the pathophysiologic aspects of this disease, 
including increased peripheral vascular tone, increased 
sensitivity to pressor agents, decreased production of 
prostacyclin, and intravascular coagulation with fibrin 
deposition, reflect abnormalities in normal vascular en- 
dothelial function. pA 

The cause of endothelial damage is unknown; how- 
ever, immune ‘mechanisms may be important. Vascular 
endothelial cells express a variety of antigens that make 
them important immunologic targets. In addition, ac- 
tivation of the endothelium by lymphokines, such as 
interferon-y, which are generated during cell-mediated 
immune responses, can lead to augmentation of anti- 
gen expression and induction of neoantigens. These 
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antigens include HLA-A, HLA-B, HLA-C, and HLA- 
DR antigens and tissue-specific antigens. Antibodies to 
vascular endothelium have been described in a variety 
of vasculitic disorders and are believed to play a role 
in the pathogenesis of these diseases.’ 

The purpose of this study was to determine whether 
anti-endothelial-cell antibodies are present in pre- 
eclampsia and whether antibody activity correlates with 
any of the clinical or laboratory manifestations of the 
disease. 


Material and methods 


Patient population. To avoid uncertainties in diag- 
nosis, only primigravida women who fulfilled standard 
criteria for severe preeclampsia were selected as the 
study population. A control population consisting of 
primigravida women at term was selected at random 
from women delivered at the same institution. Subjects 
from either group were excluded if they had a history 
of hypertensive disease, diabetes, or any autoimmune 
disorder. Blood was obtained from patients and control 
women by sterile venipuncture before or within 24 
hours of delivery. Sera were either used immediately 
or stored at ~ 70° C. Clinical and laboratory parameters 
recorded for all patients were: age, parity, gestational 
age at delivery, mean arterial blood pressure, degree 
of proteinuria by dipstick, and hematocrit. Fibronectin 
levels were measured with an enzyme-linked immu- 
noassay.’ Liver functions, electrolytes, blood urea ni- 
trogen, creatinine, platelet count, and uric acid levels 
were available in all cases of preeclampsia. The pres- 
ence of oliguria or central nervous system symptoms 
was similarly recorded. 

Immune complexes are known to bind nonspecifi- 
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Fig. 1. Distribution of IgG specific anti-vascular endothelial cell activity in women with severe pre- 
eclampsia and normal pregnant control women. Single asterisk, Upper 95th percentile confidence 
limit of normal population. Double asterisk, p = 0.05. IFN-g, Interferon-y. 


cally to Fc receptors on several cell types, including : 


platelets and endothelial cells.* Since circulating im- 
mune complexes may be present in the sera of normal 
pregnant women, all sera were screened with three en- 
zyme immunoassay systems: Raji cell, Clq, and anti- 
F(ab’),.° ° All sera that were positive on two or more 
of these assays were also positive at a low level on the 
anti-platelet and anti-vascular endothelial cell assays. 
As these results were believed to represent nonspecific 
Fc binding, these sera (two control, three preeclampsia) 
were eliminated from the study. A total of four sera 
(one control, three preeclampsia) were positive on 
only one immune complex assay. None of these sera 
were positive on the anti-platelet and anti-vascular 
endothelial cell assay. These sera were not eliminated. 

All sera were then tested for anti-vascular 
endothelial cell activity, anti-platelet activity, and anti- 
HLA class I activity. Binding of antibody-positive 
and antibody-negative sera to renal cortical tissue 
was studied by immunofluorescence. Finally, sera 
from antibody-positive, antibody-negative, and control 
women were incubated with endothelial cell cultures to 
evaluate cytotoxic or antiproliferative effects assessed 
by measuring total cellular protein content. 

Enzyme immunoassay for anti-vascular endothelial 
cell activity. Human umbilical vein endothelial cells 
were obtained for culture as previously described by 
Jaffe etal." Briefly, umbilical cords were obtained from 
term uncomplicated pregnancies within 4 hours of de- 
livery. Venous cells were obtained by collagenase diges- 


tion from pooled donors. The cells were cultured in 
medium A, consisting of medium 199 with 20% fetal 
bovine serum, 125 U/ml penicillin, 125 pg/ml strep- 
tomycin, 2 mmol/L L-glutamine, and 20 to 1000 
ug/ml of endothelial cell growth supplement (Sigma 
Chemical Co., St Louis). Primary cultures were then 
grown in 96-well culture trays (Falcon, Becton Dick- 
inson, Oxnard, Calif.) for 5 to 10 days until they formed 
a confluent monolayer with a “cobblestone” appear- 
ance. In stimulation experiments, recombinant human 
interferon-y (Amgen, Thousand Oaks, Calif.) was 
added to the culture medium at a concentration of 200 
U/ml on day 4. The cells were tested after at least 4 
days of culture in the presence of interferon-y. The 
purity of each culture was confirmed by visual inspec- 
tion and by testing for factor VIII expression with a 
mouse monoclonal antibody (Cappel, Organon Tek- 
nika Co., Westchester, Pa.). Adequacy of stimulation by 
interferon-y was assessed by showing the presence of 
HLA-DR antigen on stimulated but not unstimulated 
- cells. This was tested with a mouse monoclonal antibody 
to HLA-DR antigen (Cappel, Organon Teknika Co.). 
Immunoglobulin binding to vascular endothelial 
cells was determined by enzyme immunoassay. Micro- 
titer trays were prepared as described above and 
used when the endothelial cell layer was confluent. 
Test sera were diluted 1:25 for immunoglobulin G 
and 1:10 for immunoglobulin M specific assay and 
placed in microtiter trays as previously described.° 
The diluted test sera were then incubated in quadru- 
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Fig. 2. Distribution of IgM-specific anti-vascular endothelial cell activity in women with severe pre- 
eclampsia and normal pregnant control women. Single asterisk, Upper 95th percentile confidence 
limit of normal population. Double asterisk, p = 0.025. IFN-g, Interferon-y. 


plicate with the endothelial cells for 1 hour at 37° C. 
The trays were washed in phosphate-buffered saline 
solution with 0.1% Tween and subsequently incubated 
with a standard amount of horseradish peroxidase— 
labeled protein A or peroxidase-conjugated, affinity- 
purified goat anti-human immunoglobulin M for 60 
minutes at 37° C. A color reaction was then developed 
with o-phenylenediamine, and absorbance was mea- 
sured spectrophotometrically at 492 nm. 


A standardization group consisting of 27 healthy l 


nonpregnant volunteers was studied to determine the 
distribution of normal values for the IgG and IgM anti- 
vascular endothelial cell assays. As an internal control, 
four sera were selected from this group to represent 
the upper, lower, and mean values of the standardiza- 
tion group. These sera were tested on every enzyme 
immunoassay tray. A standardized score was obtained 


on the basis of the mean optical density (OD) of these ` 


controls and was expressed as: Standardized OD 
score = Test serum OD — Mean OD of standards. 
With this standardized OD score, the upper 95th per- 
centile confidence limit for a one-tailed test of the nor- 
mal nonpregnant standardization group was estab- 
lished for both IgG and IgM. Scores greater than the 
95th percentile were considered positive. 

Renal immunofluorescent staining. Normal renal 
cortical tissue was obtained from wedge biopsy speci- 
mens of patients who underwent renal biopsy for clin- 
ical indications. The tissue was immediately frozen with 
liquid nitrogen. Sections were cut 4 to 5 wm thick and 


placed on glass slides. Before use of this tissue for im- 
munofluorescent studies, representative sections were 
tested with fluorescein-conjugated antisera for human 
IgG, IgA, IgM, and C3 and results were negative. In 
addition, histologic examination confirmed normal re- 
nal anatomy. Unstained tissue slices were then incu- 
bated with test or control sera for 60 minutes.in a hu- 
midified chamber. The slides were washed extensively 
in phosphate-buffered saline solution and incubated 
with fluorescein-conjugated goat antihuman IgG for 60 
minutes at room temperature in a humidified chamber. 
Immunofluorescent staining was assessed with a Zeiss 
fluorescent microscope. 

Inhibition assay for detection of anti-HLA antibody. 
To detect the presence of antibodies to HLA-A, HLA- 
B, and HLA-C (class I), the ability of sera to inhibit 
binding of a monoclonal anti-HLA class I antibody was 
assessed. Pooled blood group C platelets from 29 do- 
nors were used as a source of HLA class I antigen. 
Briefly, platelets were coated onto 96-well microtiter 
trays as previously described. Sera were then in- 
cubated in quadruplicate samples with monoclonal 
mouse anti-human HLA class I antibody (W6/32, Bio- 
products for Science, Indianapolis) for 45 minutes at 
37° C in the platelet-coated wells. After washing 
with phosphate-buffered saline solution—0.1% Tween, 
peroxidase-labeled sheep anti-mouse IgG antibody was 
added for a 45-minute incubation period. The color 
reaction was developed as described above. 

Sera from 33 nonpregnant control women were used 
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to standardize the assay. An inhibitory activity of >75% 
represented the 95th percentile confidence limit (one- 
tailed test) and was defined as positive for this assay. 
In addition, four patients with high-titer anti- HLA ac- 
tivity by lymphocyte microcytotoxicity assay served as 
positive controls and their results were consistently pos- 
itive in this assay. 

Immunoassay for anti-platelet activity. Cross re- 
activity of IgG and IgM for antigens expressed 
by platelets was assessed by enzyme immunoassay. 
Test sera, as well as positive and negative control 
sera, were diluted 1:10 in phosphate-buffered saline 
solution—0.1% bovine serum albumin and incubated 
in platelet-coated microtiter trays as described above. 
Peroxidase-conjugated protein A or goat anti-human 
IgM was added to the wells after washing in phosphate- 
buffered saline sohution—0.1% Tween. A color reaction 
was developed with o-phenylenediamine and read at 
492 nm by spectrophotometer. All samples were tested 
in quadruplicate. 

Thirty normal pregnant control women were tested 
in this assay, and the upper 95th percentile confidence 
limit (one-tailed test) of the population was calculated. 
Results greater than this confidence limit were thought 
to represent significantly increased immunoglobulin 
binding over the norma! pregnant population. 

Incubation of endothelial cells with sera. Endo- 
thelial cells were harvested from umbilical cords 
as described above. After isolation the cells were 
grown in 75 ml tissue culture flasks until confluent. 
The cell monolayers were treated with trypsin— 
ethylenediaminetetraacetic acid, and the resultant cell 
suspension was centrifuged at 1200 rpm for 5 minutes. 
The cell pellet was then resuspended and counted. The 
cells were added to a 96-well microtiter tray at a density 
of 2 x 10° cells per well in 150 pl of medium A. After 
the cells were allowed to rest for 24 hours, 75 pl of 
medium was removed from each well and replaced with 
75 wl of test or control sera. The final concentration of 
human serum in each well was 50%. All sera were tested 
in quadruplicate on each tray. Growth in the trays was 
allowed for 4 days, and then the trays were washed 
extensively with phosphate-buffered saline solution— 
0.1% Tween for at least 4 hours to remove any exog- 
enous protein. Control wells, which had been incubated 
with human sera but without cells, were tested on each 
tray to assure the adequacy of the wash procedure. In 
addition, the wells were microscopically inspected to 
ensure that the cell monolayer had not been mechan- 
ically disturbed during the wash procedure. 

Protein determination was performed with the BCA 
protein assay kit (Pierce Chemical Company, Rockford, 
IlL). Briefly, 20 pl of 0.1 mol/L sodium hydroxide was 
added to each well and to bovine serum albumin stan- 
dards to solubilize the cell monolayers. Complete dis- 
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Fig. 3. Fibronectin levels for normal pregnant control women 
and women with severe preeclampsia. Mean values are 
represented by horizontal bars. VEC, Vascular endothelial 
cell. i 


solution of the cell layer was confirmed by microscopic 
inspection of the wells. The BCA reagent was prepared 
and 0.2 ml was added to each well. The trays were 
incubated at 37° C for 30 minutes then read by spec- 
trophotometer at 504 nm. 

Statistical methods. The Mann-Whitney U test was 
used to determine the differences between the groups. 
A two-tailed Fisher’s exact test was used to analyze the 
correlation between the presence of anti-vascular 
endothelial cell antibodies and clinical parameters. 


Results 


Anti-vascular endothelial cell activity. Sera from 
18 gravid women with preeclampsia and 21 nor- 
mal control gravid women were tested for IgG anti- 
vascular endothelial cell activity (Fig. 1). In 39% of 
women with preeclampsia and 5.8% of control women 
IgG binding was present (p = 0.05). Eighteen women 
with preeclampsia and 16 normal control women were 
tested for IgM binding (Fig. 2). Of these 33.3% and 
6.3%, respectively, had positive results (p = 0.025). 
Overall 50% of the women with preeclampsia had 
positive results for either IgG or IgM binding com- 
pared with 15.4% positivity for the control women. In 
women with preeclampsia who had positive results, 
33% showed both IgG and IgM binding whereas none 
of the control women displayed both IgG and IgM 
binding. 

Stimulation of endothelial cells in culture by 
interferon-y results in both morphologic changes 
and the induction of new antigens.’ Among these 
antigens are HLA-DR, as well as tissue-specific acti- 
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' Fig. 4. Indirect immunofluorescent staining of normal renal cortex with preeclamptic sera. ‘Arrows 
point to arteriolar lining. Deposition of IgG along the endothelium is seen with sera that‘are positive 
for anti-vascular endothelial cell activity (B), in contrast to the sera that are negative foranti-vascular 
endothelial cell activity (A). Autofluorescence is seen in wall, of arteriole and is not related to im- 


munoglobulin deposition.. 


vation antigens.. 
class I antigens is increased. Lymphokines, such as 


interferon-y, are produced by lymphocytes during ` 


disease states characterized by general immunologic 


activation. Since antibodies could be directed specifi- 


cally at neoantigens induced by interferon-y, sera 
were also tested on vascular endothelial cell monolayers 
activated by interferon-y. There.was no significant dif- 
ference: between the distribution of antibody binding 
to activated or resting: vascular endothelial cells for: IgG 


or IgM (Figs. 1 and 2). Sera that were positive on the . - 
unstimulated cells remained La on the oo 


cell. 

Anti HLA class I activity was found in 9. 5% of the 
control women and 16% of those with preeclampsia. 
This difference was not statistically significant, Anti- 
HLA activity did not correlate with the presence of anti- 
vascular ‘endothelial cell activity. . This suggests that 
_the anti-vascular éndothelial cell activity in sera from 
‘women with preeclampsia was not directed at HLA 


: antigens. The failure of interferon-y stimulation to en- 


- hance anti-vascular endothelial cell binding further 


substantiates this since activation of endothelium results 


in enhanced expression of HLA class I and induction 


of HLA-DR. There was also no cross reactivity of anti- . 


_ vascular endothelial cell antibodies with platelets. Only 


one serum sample was positive for anti-platelet binding | 


and this individual had negative results on the endo- 
thelial cell assay. 

Correlation of shialar endothelial cell activ- 
ity with clinical and laboratory parameters. The clin- 


In ‘addition, : expression -of “HLA : 


a, 


-. ical characteristics of patients with and without. anti- 


vascular endothelial cell activity were ‘compared (Table | 
I). There wére no significant differences between pa- 
tients with anë without anti-vascular endothelial cell 
activity in maternal age, gestational age at delivery, 
presence of central nervous system symptoms, or uric 


"acid levels. The’mean arterial blood pressure was sig- 


nificantly greater in women with preeclampsia without 
anti-vascular endothelial cell antibodies (p < 0. 04). In 


addition, all of the women with preeclampsia without. 


anti-vascular endothelial cell binding had proteinuria 


` (23 +) whereas only four of nine with antibodies‘had 
‘proteinuria (23+) (p = 
‘the patients with preeclampsia were markedly elevated 


. 0.015). ‘Fibronectin levels in 


when compared with those of normal control women, 


` as has been previously described.'*, The patients with 


anti-vascular endothelial cell antibodies had slightly 


_ lower’ mean fibronectin levels than those without an- 


tibodies although this difference was not significant 


(Fig. 3). 
. Indirect immunofludrescence studies. Binding of 


i IgG to normal renal ‘cortex tissue was comparéd be- 


tween. antibody-positive and antibody-negative wom- 
en with preeclampsia and representative normal con- 
trol women. There. was no significant glomerular or 
tubular IgG binding in any of the specimens; how- 
ever,-a-linear deposition of IgG along the arteriolar 
endothelial lining was noted (Fig. 4). Fifty-six percent 
of the women with preeclampsia and anti-vascular 
endothelial cell antibodies showed this deposition com- 
pared with 22% of the antibody-negative women with 
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Table I. Correlation of clinical manifestations of preeclampsia with anti-vascular epithelial cell 
antibody activity 









Control 
(n = 21) 


Maternal age (yr) 24.0 + 1.0 

Gestational age (wk) 38.6 + 0.7 

Mean arterial blood pressure (mm Hg) 89.7 + 2.0 

Central nervous system symptoms Qi 4 
(% positive) 

Proteinuria (=3+) (%) 0 

Uric acid (mg/dl) N/A 

Hematocrit (%) N/A 

Platelet count (<120,000/mm’) (%) N/A 


Values are expressed as mean + SEM. 









Preeclampsia 





Anti-vascular epithelial 
cell activity positive 


(n = 9) 


Anti-vascular epithelial 
cell activity negative 






220417 22.0 


+ 1.3 
38.0 + 0.9 36.1 + 0.9 
118.4 + 2.4* 126.8 + 2.8* 
44.5.: 66.7 
66.7t 100.0} 
6.5 + 0.3 6.8 + 0.6 
36.8 + 1.4 36.9 + 1.4 
0 ll 


*p = 0.05, anti-vascular epithelial cell activity positive versus anti-vascular epithelial cell activity negative. 


tp = 0.015, anti-vascular epithelial cell activity positive versus anti-vascular epithelial cell activity negative. 


preeclampsia. None of the control patients tested had 
any arteriolar binding of immunoglobulin. 

Incubation of sera with endothelial cell cultures. 
Sera from eight women with preeclampsia and anti- 
endothelial cell’ antibodies, seven women with pre- 
eclampsia without antibodies, and nine normal primi- 
gravid control women were incubated with endothelial 
cell cultures for 4 days. In addition, control wells con- 
sisted of sera from normal men or medium A only. The 
mean protein content of wells incubated with sera from 
women with preeclampsia was lower than that of wells 
incubated with sera of normal pregnancy. In addition, 
the mean total protein content of the wells incubated 
with antibody-positive sera was lower than that of the 
antibody-negative sera; however, these trends did not 
achieve statistical significance (Fig. 5). 


Comment 

Immune mechanisms may be important in the patho- 
genesis of preeclampsia. Many investigators have found 
alterations in the humoral immune system during pre- 
eclampsia. Among these changes are elevated levels of 
circulating imune complexes, increased platelet bind- 
ing and circulating globulin binding to platelets,” and 
the presence of antibodies to placental tissue compo- 
nents.!© Immunofluorescent staining of renal tissue in 
preeclampsia shows deposition of immunoglobulins, fi- 
brinogen, Clq, and C4 in the glomerulus.’ 

This study uses a sensitive immunoassay to demon- 
strate the presence of antibodies to human vascular 
endothelial cells in a significant proportion of patients 
with severe preeclampsia. The assay system uses intact 
endothelial cell monolayers and avoids solubilization or 
denaturation of the cell antigens. In a recent study with 
cell solubilization and immunoblotting, increased bind- 


ing to endothelial cell proteins by sera from women 
with preeclampsia was not detected; however the in- 
vestigators noted that in their assay system 80% of nor- 
mal control women displayed binding to endothelial 
cell proteins.” This high background binding may have 
prevented detection of specific antibodies in the sera 
from preeclampsia. In the present study 5.8% and 6.3% 
of pregnant control women showed IgG and IgM. bind- 
ing, respectively. This is the same incidence of anti-. 
bodies found in the normal nonpregnant population. 
In contrast, the proportion of patients with preeclamp- 
sia and anti-vascular endothelial cell antibodies was sig- 
nificantly greater. 

Anti-vascular endothelial cell antibodies in sera from 
women with preeclampsia were found to be both IgG 
and IgM with 33% of antibody-positive preeclamptic 
women having both IgG and IgM. The exclusion of 
patients and control women with circulating immune 
complexes from this study makes it unlikely that this 
activity is due to nonspecific Fc receptor binding of 
immune complexes. In addition, the lack of cross reac- 
tivity to platelets also argues against this activity being 
nonspecific. This antibody activity was not directed at 
HLA determinants of either class I or class II. Im- 
munofluorescent staining of normal kidney tissue with 
preeclamptic sera showed IgG binding to the renal ar- 
teriolar endothelium. This binding was present in 
higher frequency in patients with than without anti- 
vascular endothelial cell activity and was not present in 
normal control women. 
~ Platelets and endothelium share a number of tissue- 
restricted glycoproteins; therefore cross reactivity be- 
tween endothelial and platelet binding was evaluated. 
No cross reactivity was found in this group of patients. 
It is interesting that there was no detectable increase 
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Fig. 5. Total cellular protein content of endothelial cell cultures after incubation for 4 days with 
50% human sera. (p = 0.15, antibody-positive vs. normal pregnant control sera.) 


in platelet-binding immunoglobulin in the group with 
preeclampsia as compared with the control group. This 
does not agree with results of other investigators! who 
have found increased platelet-binding immunoglobulin 
in preeclampsia. Exclusion of patients with circulating 
immune complexes may account for this difference 
since platelets will bind immune complexes nonspecif- 
ically via Fc receptors. In addition, other investigators 
may have used more sensitive assay systems than those 
used in the current study. 

Clinically, although all of the patients fulfilled criteria 
for severe preeclampsia, the patients with anti-vascular 
endothelial cell antibodies had less severe hypertension 
and proteinuria. This may indicate that the patients 


with antibodies were studied earlier in the course of, 


the disease or had less severe disease. Alternatively, 
greater tissue deposition of antibodies might occur in 
more severe forms of the disease. This would result in 
lower serum levels of antibodies in the most severely 
affected pregnancies. This phenomenon has been re- 
ported in systemic lupus erythematosus where a 
subgroup of patients with severe clinical disease and 
deposition of complexes-in target tissue do not have 
detectable circulating antibody.”* 

Anti-vascular endothelial cell antibodies have been 
implicated in the pathogenesis of a variety of disease 
states. Recent animal models have suggested that clin- 
ical disease can be induced by anti-vascular endothelial 


cell antibodies: In the rabbit, infusion of antibodies to. 


endothelial angiotensin-converting enzyme, an antigen 
expressed on the endothelial cell surface, results in for- 
mation of immune mediated glomerulonephritis and 
degenerative lesions of the endothelial cells of the lung 


with interstitial edema and alveolar capillary wall 
edema.'* ® Tae role of anti-vascular endothelial cell 
antibodies in human disease is currently being inves- 
tigated. Systemic lupus erythematosus is one of several 
autoimmune vasculitic disorders associated with an in- 
creased frequency of anti-vascular endothelial cell an- ` 
tibodies.”” Investigators have shown that binding of 
anti-vascular endothelial cell antibody and immune 
complexes to resting endothelial cell monolayers re- 
sulted in altered prostacyclin secretion, increased plate- 
let adherence, activation of the complement cascade, 
and disruptior. of the monolayer. Immunoglobulin and 
immune complexes from lupus sera also have been 


. shown to increase production of tissue factor by en- 


dothelial cell monolayers.” This potent activator of co- 
agulation can lead to thrombosis and intravascular fi- 
brin deposition. Another disorder associated with the 
presence of anti-vascular endothelial cell antibodies is 
Kawasaki disease. Sera taken from children in the acute 
phase of this vasculitic disorder contain IgM antibodies 
tht bind to and cause lysis of interferon-y—activated 
endothelial cells.” Anti-vascular endothelial cell an- 
tibodies are therefore found in a variety of disorders 
with vasculitic manifestations and may playa significant 
role in these human disease states. a 
The functional significance of anti-vascular endo- 
thelial cell antibodies in preeclampsia is unknown. In- 
vestigators have found elevated levels of fibronec- 
tin'*** and increased sensitivity to pressor agents?” *° in 
women before the onset of clinical disease. This sug- 
gests that endothelial damage is an early event in the 
disorder. In the present study mean total cellular pro- 
tein was used as a measure of endothelial cell growth 
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in the presence of preeclamptic and normal sera. Vari- 
ations in mean total cellular protein after a fixed in- 
cubation period could be due to either cytotoxic effects, 
antiproliferative factors, or a combination of both. The 
mean total cellular protein was found to be lower in 
cultures incubated with preeclamptic sera than in nor- 
mal pregnant or nonpregnant control sera. The mean 
total cellular protein was lowest in cultures incubated 
with antibody-positive sera. Further evidence that en- 
dothelial damage is mediated by serum factors comes 
from a recent study in which a sensitive chromium 51 
release assay was used to look at the effects of pre- 
eclamptic sera on endothelial cell monolayers. In- 
creased cytotoxicity was found in predelivery sera as 
compared to postdelivery preeclamptic sera.” These 
results suggest that preeclamptic serum contains anti- 
proliferative or cytotoxic activity and that the presence 
of anti-vascular endothelial cell antibodies may enhance 
this activity. 

The source and specificity of anti-vascular endothe- 
lial cell antibodies in preeclampsia is unclear. Endothe- 
lial damage may occur by a more primary process re- 
sulting in increased exposure of hidden antigens. Anti- 
vascular endothelial cell antibodies would therefore be 
generated as a secondary response to these antigens. 
These antibodies may then enhance the ongoing en- 
dothelial damage or result in alterations of endothelial 
function. Alternatively, immunoglobulin binding to en- 
dothelium may represent cross reactivity of antibodies 
generated to pregnancy-specific tissues. Antibodies to 
a variety of trophoblast determinants have been re- 
ported to be present in normal pregnancies.” Cross 
reactivity to endothelial cell antigens in genetically sus- 
ceptible, individuals may result in a clinical disease. 
When the primary antigenic stimulus is removed, the 
clinical syndrome would be expected to resolve. This 
phenomenon is seen in many antibody-mediated dis- 
orders such as poststreptococcal glomerulonephritis. 
Further studies are required to characterize the spec- 
ificity and function of anti-vascular endothelial cell an- 
tibodies in preeclampsia. 
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Mitochondrial myopathy and preeclampsia associated 


with pregnancy 


Kathleen Berkowitz, MD, Ana Monteagudo, MD, Frances Marks, MD, Unjara Jackson, MD, 


and Laxmi Baxi, MD 
New York, New York 


Mitochondrial myopathy i is characterized by weakness, exercise intolerance, and acidosis. Pregnancy has 
been reported to accelerate the disease process. This report discusses pregnancy and management of 
labor complicated by mitochondrial myopathy and the therapeutic dilemmas that arisé when preeclampsia 


is diagnosed. (Am J OssteT GYNECOL 1990;162:146-7.) 


Key words: Mitochondrial myopathy, preeclampsia, ihuscle biopsy 


Mitochondrial myopathy is caused by several bio- 
chemical defects involving energy-producing mito- 
chondrial enzyme systems. The disease is associated 


with impairment of muscular function, which may be — 


progressive, intermittent, or fluctuant. Inheritance is 
thought to be via maternal transmission. A number of 
syndromes have been described. ‘The clinical presen- 
tation of each may be mild or life- -threatening.' 

Prior reports of pregnancy and mitochondrial miy- 
opathy caused by carnitine deficiéncy have demon- 
strated postpartum collapse and death. Pregnancy in 
patients with other forms of this disorder has not been 
described. We report on a patient with mitochondrial 
myopathy who developed preeclampsia and did well 
post partum. 


Case report 

A 20-year-old nulliparous woman was first seen for 
prenatal care at 14 weeks of gestation. She had a history 
of genital herpes. At the age of 16 she had experienced 
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the hset of exercise intolerance, lordosis, ane hearing 
loss. A muscle biopsy revealed mitochondrial myopa- 
thy, but the affected enzyme pathway was not identi- 
fied: An électroencephalogram y was normal. Brain stem 
auditory evoked respotises were abnormal. She re- 
quired Harrington rod placement at age 17 to correct 
scoliosis. She had one sibling who was unaffected. A 
maternal cousin was reported to have onset of similar 
symptoms in infancy. Duritig the patient’s pregnancy 
her only symptom was mild exercise intolerance. 

. Shé weighed 77 pounds and stood 64 inches tall. 
Weight gain during pregnancy was 20 pounds and 
blood pressure was consistently 100/60 mm Hg. A 
sonogram obtained at 18 weeks showed a normal fetus 
with slightly increased amniotic fluid. Serial sonogra- 
phy demonstrated concordant growth without eviderice 
of polyhydramnios. A positive genital herpes culture 
was obtained at 36 weeks. Subsequent cultures were 
negative. 

She presented at term in active labor with ruptured 
membranes. No herpetic lesions were noted. Labor 
progressed narmally, Within 3 hours of admission 
blood pressure had risen from 110/60 mm Hg to con- 
sistent readings of 190/90 mm Hg. Edéma was absent 
and deep tendon reflexes were normal. Albuminutia 
(1+) was noted. There were no abnormalities of liver 
function, uric acid, coagulation profile, or platelet 
count. Hemoconcentration to a hematocrit of 41% was 
noted. Magnesium sulfate therapy was not initiated for 
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fear of compromising calcium-dependent mitochon- 
drial enzyme systems. Administration of diazepam or 
phenobarbital was considered in the event of worsening 
preeclampsia. Appropriate arrangements for respira- 
tory support were available should the need arise. Use 
of low-outlet forceps was planned to shorten the sec- 
ond stage of labor. The patient was allowed to push for 
30 minutes and did not experience any fatigue. She 
was spontaneously delivered of a male infant weighing 
2525 gm with Apgar scores of 8, 8, and 9. 

The postpartum course for mother and infant was 
uncomplicated. The infant did not suffer hypotonia 
nor were there any signs of muscular dystrophy. On 
the first postpartum day the patient’s blood pressure 
was never higher than 130/90 mm Hg and had nor- 
malized by the second postpartum day. Hemoconcen- 
tration and albuminuria resolved within 24 hours; crea- 
tine kinase levels were normal. She elected not to breast- 
feed. She experienced no postpartum muscle weakness 
or exercise intolerance. At 6 weeks postpartum she and 
her infant were in good health. 


Comment 


Three cases of mitochondrial myopathy in pregnancy 
have been reported since 1976. All three were caused 
by carnitine deficiency, one of several defects seen in 
this disease. Carnitine is required in transport of long- 
chain fatty acids across mitochondrial membranes. 
Each patient had an uncomplicated pregnancy and de- 
livery followed by severe and progressive postpartum 
symptoms. Two cases were fatal; one patient recovered 
after carnitine replacement therapy.” Pregnancy in pa- 
tients with other forms of this disease has not been 
reported. Given our patient’s benign postpartum 
course, it is unlikely that her condition was caused by 
carnitine deficiency. 


No reports of preeclampsia in patients with mito- 
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chondrial myopathy could be found in the literature. 
Magnesium sulfate probably prevents the convulsions 


_ of eclampsia by competitively displacing calcium at the 


neuromuscular junction. Calcium acts as a cofactor in 
many energy-producing enzyme reactions and mem- 
brane transport systems. It can be postulated that mag- 
nesium sulfate competes with calcium at the level of 
the mitochondrial membrane and may in this way in- 
terfere with calcium-dependent enzyme systems. The 
convulsions of eclampsia can be prevented by any 
membrane-stabilizing agent. We planned to avoid the 
theoretical complications of magnesium sulfate therapy 
by using diazepam or phenobarbital. In fact, the patient 
required no therapy. 

An interesting aspect of this case is that the patient 
had normal progress of labor. The uterine smooth mus- 
cle seemed unaffected. The uterine contractions were 
smooth, coordinated, and effective. 

This case report suggests that patients with mito- 
chondrial myopathy can have successful pregnancy and 
delivery. Patients with carnitine deficiency are at risk 
for postpartum morbidity and mortality. It is unclear 
if patients with other forms of this disease are at in- 
creased risk for preeclampsia or postpartum compli- 
cations. Should preeclampsia develop, we suggest using 
therapeutic agents that do not affect calcium flux. Re- 
spiratory support should be available. 
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Estrogen replacement therapy and the risk of endometrial. 


cancer: Remaining controversies 


George L. Rubin, MB, BS, Herbert B. Peterson, MD, Nancy C. Lee, MD, 
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To examine the relationship between exogenous estrogen administration and endometrial cancer, we used 
data from the Cancer and Steroid Hormone Study, a multicenter, population-based case-control study. 
Estrogen replacement therapy for =2 years was associated with an increased risk of both localized and 
extrauterine cancer (relative risk = 2.8, 95% confidence limits 1.6, 4.6; relative risk = 2.9, 95% confidence 
limits 0.9, 9.4, respectively). However, the latter finding was based on a small nurrber of cases in which 
estrogen was used. Women who underwent estrogen replacement therapy for =2 years had significantly 
elevated risks of endometrial cancer (2.1 for 2 to 5 years and 3.5 for =6 years). An elevated risk persisted 


for =6 years after discontinuation of therapy. Women who exclusively used conjugated equine’ estrogen 
preparations <0.625 mg had no increased risk of endometrial cancer. A history of oral contraceptive use 
appeared to reduce the risk of endometrial cancer associated with estrogen replacament therapy. 
However, these latter two potentially important findings were based on a small number of cases in which 


hormones were used. (Am J Osstet GYNECOL 1990;162:1 48-54.) 


Key words: Endometrial cancer, estrogen replacement therapy, case-control study 


At least 19 case-control studies published since 
1975"? suggest that use of exogenous estrogen without 
concurrent progestin is associated with an increased 
risk of adenocarcinoma of the endometrium. Although 
some believe that the magnitude of this association has 
been overestimated because of selection bias, little 
doubt exists that the association is real.** However, sev- 
eral important areas of controversy remain: 

1. Is estrogen administration associated with stage 
of endometrial cancer at diagnosis? 

2. Does the increased risk of endometrial cancer per- 
sist after estrogen is discontinued? 

3. Are particular subgroups of estrogen users (for 
example, diabetic, obese, or hypertensive women) at 
different risk of the development of endometrial 
cancer??*6 

In this report, we examine the relationship between 
estrogen replacement therapy without concurrent pro- 
gestin administration and selected cancers of the en- 
dometrium and address these remaining controversies 
with data from the Cancer and Steroid Hormone Study, 
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a population-based case-control study designed to as- 
sess the relationship between oral contraceptive use and 
breast, endometrial, and ovarian cancers. In addition, 
because this data set has previously shown the protec- 
tive effect of prior oral contraceptive use against en- 
dometrial cancer,’ we examine the possibility that prior 
oral contraceptive use may influence the effect of ex- 
ogenous estrogen use on the risk of endometrial cancer. 


Methods 


Details of the Cancér and Steroid Hormone Study 
have been reported elsewhere.’** The Centers for Dis- 
ease Control coordinated data collection with the Sur- 
veillance, Epidemiology, and End Results (SEER) Cen- 
ters of the National Cancer Institute from eight geo- 
graphic areas in the United States: the metropolitan 
areas of Atlanta, Detroit, San Francisco, and Seattle; 
the states of Connecticut, Iowa, and New Mexico; and 
the four urban counties of Utah. 

Cases. Cases eligible for the study consisted of 906 
women 20 to 54 years of age who resided in one of the 
eight SEER areas and who had a single, primary en- 
dometrial cancer newly diagnosed between December 
1, 1980, and December 31, 1982. We attempted to lo- 
cate and retrieve histology reports and slides for each 
woman, excluding those who resided in Utah and 
New Mexico. Of 826 women identified in the six areas, 
we interviewed 606 (73.4%). Reasons for not interview- 
ing women included death (1.1%), illness (4.2%), pa- 
tient refusal (6.2%), physician refusal (3.0%), and in- 
ability to locate the woman or conduct an interview 
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within 6 months of the diagnosis (12.1%). Of the 606. 


cases interviewed, the six SEER Centers were able to 
retrieve adequate histology information and slides for 
575 women (94.9%). These specimens were reviewed 
by a panel of pathologists expert in endometrial his- 
topathology. Of these 575. women, we excluded 98 
women with what the panel considered to be benign 
uterine lesions, 7 with lesions metastatic to the uterus, 
19 with carcinoma in situ, and 17 with uterine cancers 
specified as follows: endolymphatic stromal myosis (4), 
mixed mesodermal (3), mixed miillerian (3), leiomyo- 
sarcoma (2), carcinosarcoma (2), undifferentiated car- 
cinoma (2), and squamous cell carcinoma (1). We also 
excluded 55 women <40 years of age, 74 who were 
premenopausal, 23 with unknown use of estrogen re- 
placement therapy, 67 who reported <3 months of con- 
secutive estrogen replacement therapy, and 19 who re- 
ported using estrogens before 40 years of age. Re- 
maining cases for analysis consisted of 196 women with 
histologic diagnoses of uterine adenocarcinoma, ad- 
enoacanthoma, papillary carcinoma, secretory carci- 
noma, adenosquamous (mixed) carcinoma, and clear 
cell carcinoma. 

Controls, The control group consisted of women 20 
to 54 years of age, identified by the Waksberg method 
of telephoning randomly selected telephone numbers 
of households in the same geographic areas as the 
cases.” A proportion of potential controls from each 
5-year age group was selected to match the age distri- 
bution of the women with breast cancer enrolled in the 
study; 5698 women of appropriate age were identified. 
Of these controls, 5209 were from the six centers that 
performed histology retrieval. Of these, 4352 (83.5%) 
agreed to participate. Reasons for nonparticipation 
were refusal (11.8%) and inability to locate the woman 
or to conduct an interview within 6 months of selection 
(4.7%). 

We excluded 1152 controls who reported having a 
prior hysterectomy or who reported having a dilatation 
and curettage procedure with unknown outcome be- 
fore the interview. After exclusion of 1083 women <40 
years old, 682 who were premenopausal, 82 with un- 
known estrogen replacement therapy use, 301 with <3 
months of consecutive estrogen replacement therapy, 
and 66 who reported use of noncontraceptive estro- 
gens before age 40 years, 986 controls remained for 
analysis. 

Data collection. Standard 1-hour interviews were ad- 
ministered to all women in their homes by interviewers 
trained at the Centers for Disease Control. Information 
was collected on each study participant’s use of oral 
contraceptives, use of noncontraceptive estrogens and 


progestins, reproductive and medical histories, and ` 


health care practices. To help respondents accurately 
recall their estrogen replacement therapy, we had four 
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memory aids: (1) a hand card listed possible reasons 
for using hormones, such as to alleviate hot flashes or 
sweats, prevent bone thinning, reduce discomfort dur- 
ing intercourse because of a dry vagina, and replace 
hormones after ovaries have been removed; (2) another 
hand card listed the major brand names of noncontra- 
ceptive hormones marketed in the United States since 
1960; (3) a book of photographs displayed oral estrogen 


_ preparations marketed in the United States; and (4) a 


month-by-year calendar related the timing of hormone 
administration to reproductive and other life events. 
Information with regard to whether estrogen replace- 
ment therapy was continuous or intermittent during 
the monthly cycle was not recorded. 

With the use of separate SEER data we were able to 
obtain information on stage of endometrial cancer for 
172 of the 196 cases in this analysis. Staging refers to 
stage at diagnosis with the use of the best information 
available within 2 months of diagnosis. We divided the 
cases into two categories, localized cancer (stages I and 
II) and extrauterine cancer (stages III and IV)." 

Analyses. We defined estrogen replacement therapy 
as reported administration of noncontraceptive estro- 
gens (conjugated or unconjugated), excluding vaginal 
creams, for =3 consecutive months among women 
whose first use occurred after the age of 40 years. None 
of the women included in this analysis who underwent 
estrogen replacement therapy used concurrent pro- 
gestin therapy. Perimenopausal women are those who 
reported that their menstrual period stopped within 6 
months of diagnosis (for cases) or interview (for con- 
trols) or that they were still menstruating but had had 
symptoms of menopause. Postmenopausal women are 
those who reported that their periods stopped naturally 
=6 months before diagnosis or interview. 

Relative risk estimates were computed with both the 
Mantel-Haenszel procedure and logistic regression 
methods.” Because both methods produced similar 
results, only the estimates computed with logistic 
regression methods are presented. We adjusted crude 
relative risk estimates individually for age at diagnosis 
or interview (40 to 49 years, =50 years), race (white, 
other), SEER area, parity (0, 21), education (<13 years, 
213 years), body mass index [weight (gm)/height (cm),? 
<2.75, =2.75], age at menarche (<15 years, =15 years), 
menopausal status (perimenopausal, naturally post- 
menopausal), history of hypertension treatment (yes, 
no), history of diabetes treatment (yes, no), physician 
diagnosis of infertility (yes, no), history of smoking (yes, 
no), oral contraceptive use (yes, no), and frequency of 
pelvic examinations (<1 per 5 years, =] per 5 years). 
We found that only the age-adjusted relative risk esti- 
mates differed materially from the crude estimates. For 
comparability with the most recently reported analysis 
of estrogen replacement therapy and endometrial can- 
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Table I. Selected characteristics of women with endometrial cancer and controls 





Characteristic 













95% Confidence 


Relative ` 
ish* limits 


risk? 





Age (yr) 
40-49 58 440 1.0 Referent 
50-54 138 546 1.9 1.4, 2.7 
Race 
White 179 820 1.0 Referent 
Black ll 114 0.5 0.3, 0.9 
Other © 6 52 0 0:2, 1.1 
Menopausal status 
Peri 104 538 1.0 Referent 
Post p 92 448 . 0.8 0.5, 1.1 
Parity 
0 4l 119 1.0 Referent 
1-2 76 305 0.7 0.5, 1.2 
3-4 ; 62 378 0.5 0.3, 0.8 
z5 14 179 0.2 0.1, 0.4 
Unknown 3 5 — — 
Body mass index f - 
<2.25 ; 77 506 1.0 Referent 
2.25-2.49 37 223 1.1 0.7, 1.6 
.2.5-2.74 25 123 1.4 0.9, 2.3 
22.75 55 133 2.8 1.8, 4.1 
Unknown 2 l — —- 
History of hypertension 
No : 138 791 1.0 Referent, 
Yes 57 : 194 1.7 1.2, 2.3 
Unknown . l 1 — — 
History of diabetes 
No i 185 ` 953 1.0 Referent 
Yes ` lI 32 1.8 0.9, 3.6 ` 
Unknown 0 1 — — 
Smoking 
Never 99 409 1.0 Referent 
Currentt 66 410 0.7 0.5, 1.0 
Past ` ‘ 30 165 0.8 0.5, 1.2 
Unknown 1 2 — — 
Use of oral contraceptives 
Never 127 514 1.0 Referent 
<12 mos 32 124 LI 0.7, 1.7 
212 mos 32 327 0.5 0.3, 0.7 
Unknown . 5 21 — ar 
Physician diagnosed infertility 
No 186 936 1.0 Referent 
. Yes s 9 -45 1.0 0.5, 2.1 
Unknown . : 1 3 — — 
*Estimates adjusted for age. 
*Within | year of diagnosis or interview. 
Results 


cer, we present relative risk estimates adjusted for age 
and body mass index.” We used logistic regression 
methods to test the statistical significance of linear 
trends among exposed women by including cumulative 
months of exposure as a continuous variable in an ap- 
propriate model. ‘To assess the presence of multipli- 
cative interaction, product terms of the exposure (es- 
trogen replacement therapy) and the potential inter- 
action variable were entered into logistic regression 
models. The statistical significance of these interactions 
was determined with the likelihood ratio test for het- 
erogeneity by comparing models with and without the 
interaction terms.” 


Nulliparity, obesity, and hypertension, all previously 
reported risk factors of endometrial cancer, were as- 
sociated with an increased relative risk in the study 
population (Table I). Increasing parity was associated 
with decreasing risk of endometrial cancer. Women 
who had taken oral contraceptives for =12 months had 
a 60% reduction in relative risk. 

Increasing dosage and duration of estrogen replace- 
ment therapy was associated with an increasing relative 
risk of endometrial cancer. Women who reported ex- 
clusive use of conjugated equine estrogens <0.625 mg 
had a relative risk of 1.2 (95% confidence limits 0.5, 
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Table II. Duration of estrogen replacement therapy by women with endometrial cancer and controls 


Relative 95% Confidence 
risk* limits 














Duration 


Never 147 851 


1.0 Referent 

Ever: 47 i 134 1.9 1.3, 2.8 
<2 years 16 67 1.3 0.7, 2.4 
2-5 yéars 18 - 47 21 ` 1.2, 3.8 
26 years 13 20 3.5 1.7, 7.4 





*Estimate adjusted for age and body mass index. Excludes 2 cases and 1 control with unknown body mass index. 


Table III. Duration of estrogen replacement therapy by women with localized or extrauterine endometrial 
cancer and controls 








Relative 95% Confidence 
Duration (yr) Cases Controls riskt limits 

Localized cancer* , 

Nevër 113 851 1.0 Referent 

<2 years 10 67 1.1 0.5, 2.2 

22 years 26 67 2.8 1.6, 4.6 
Extrauterine cancert 2 

Never 16 851 1.0 Referent 

<2 years 1 67 0.8 0.1, 6.0 

22 years 4 67- 2.9 0.9, 9.4 


*Stages I and ÍL | 
+Estimates adjusted for age and body mass index. Excludes 24 cases with unknown cancer stage and 2 cases and 1 control with 


unknown body mass index. 
Stages ILI and IV. 


2.7) compared with that of women who never used such 
estrogens. By contrast, women who exclusively used 
21.25 mg preparations had a rélative risk of 3.8 (95% 
confidence limits 1.7, 8.5). Women who reported 2 to 
5 years of estrogen replacement therapy were two times 
as likely, and those who reported =6 years of estrogen 
replacement therapy were more than three times as 
likely to have endometrial cancer as were women who 
reported that they never used estrogeri replacement 


therapy (x? for linear trend = 4.99, p = 0.03) (Table . 


II). Compared with women who never used estrogen 
replacement therapy, women who used estrogen re- 
placement therapy for =2 years had an almost three- 
fold risk of both localized and extrauterine cancer 
(Table IIT). 

Women who reported last using estrogen replace- 
ment therapy =6. years before diagnosis or interview 
had a relative risk of 2.7 (95% confidence limits Ll, 
6.4) (Table IV). This effect appears to be primarily 
limited to those women who used estrogen replacement 
therapy for =2 years. l 

Table V presents results on thé relationship of es- 
trogen replacement therapy to endometrial cancer in 
selected subgroups of women. For the purpose of these 
analyses, we defined estrogen replacement therapy as 
use for =2 years. The referent category consists of 


women who never underwent estrogen replacement 


therapy. Although the analyses failed to reveal any sta- 
tistically significant interactions; there may be modifi- 
cation of the relationship of estrogen replacement ther- 
apy to endometrial cancer according to use of oral con- 
traceptives. In this study we eliminated those who took 
oral contraceptives <12 months because analysis of the 
relationship of oral coritraceptive use to endometrial 
cancer indicates a negative association only with oral 
contraceptive use of =12 months.’ 


Comment 

Our results strorigly support the contention that use 
of estrogen replacement therapy without coñcurrent 
progestin therapy, especially for =2 years, increases the 
risk of endometrial adenocarcinoma. However, this in- 


crease in risk was less than that noted in many reports. 
Results based ‘on small numbers of cases suggest that 


the association is present with both early (localized) and 


late (extrauterine) stage disease, and that the risk re- 
mains elevated for =6 years after cessation of estrogen 
replacement therapy. Furthermore, we report a new 
finding that the elevated risk may be mitigated by pre- 
vious use of oral contraceptives. 

Because this study was primarily designed to assess 
the relationship between oral contracéptive use and re- 
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Table IV. Duration and time since last use of estrogen replacement therapy by women with endometrial 


cancer and controls 













Time since 





Duration last use ` 
Or) - 7 Cases 
Never Never 147 
>0 <2 27 
>0 2-5 Il 
>0 =6 9 
<2 <2 9 
<2 2-5 4 
<2 =6 3 
22 <2 18 
22 2-5 7 
22 =6 6 


` 


95% Confidence 
Controis risk* limits 

851 1.0 Referent | 
. 80 1.9 1.2, 3.2 
38 15 0.8, 3.1 
16 2.7 1.1, 6.4 
37 1.4 0.7, 3.0 
19 L1 0.4, 3.3 
11 1.4 0.4, 5.2 
43 2.4 1.3, 4.4 
19 2.0 0.8, 4.9 
5 5.4 1.6, 18.5 





*Estimate adjusted for age and body inass index. Excludes 2 cases and 1 control with unknown body mass index. 


productive tract malignancies, it was restricted to the 
age group of women who could have used oral con- 
traceptives (i.e., women aged 20 to 54 years). Thus, in 
this analysis, we have examined the association between 
estrogen replacement therapy and endometrial cancer 
in women <55 years old, before the maximum age 
incidence of endometrial cancer is reached. This not- 
withstanding, our analysis adds to the extensive liter- 
ature that suggests a positive dssociation between es- 
trogen replacement therapy and endometrial cancer.’* 
‘However, it is important to emphasize that our analysis 
concerns only the use of estrogens without concurrent 
progestins. The use of progestins with estrogen re- 
placement therapy has been advocated to counteract 
the potent stimulus that estrogen may place on the 
endometrium. There is substantial evidence that pro- 
gestins can both prevent hyperplasia after estrogen 
treatment and reverse hyperplasia after it occurs. +" 
Numerous reports have suggested that the excess risk 
of endometrial cancer attributable to estrogen use is 
largely associated with tumors of low stage and grade, 
as opposed to more widespread disease.**'** Further, 
several reports have suggested that. users of estrogen 
in whom endometrial cancer develops have increased 
survival relative to nonusers with endometrial can- 
cer.'9?!22.24 By contrast, Shapiro et al.? reported in 1985 
that use of conjugated estrogen increases. the risk of 
both localized and extrauterine endometrial cancer. 
They further noted that other studies have not been 
large enough to identify the effect of estrogens on ex- 
trauterine disease because only a small proportion of 
endometrial cancers have spread outside the uterus at 
the time of diagnosis. Our study is likewise limited by 
a small number of extrauterine cases; only five extra- 
uterine cases underwent estrogen replacement therapy. 
Although not statistically significant, our finding of a 
threefold increased risk of stages III and IV endo- 
metrial cancer in estrogen users supports the conclu- 
sion of Shapiro et al. However, because of the small 


number of case users, this finding should be interpreted 
with caution. © 

- Our finding of an increased risk persisting for =6 
years after cessation of estrogen replacement therapy 
is consistent with some studies,***?* but contrary to 
others.*? Differing inclusion and exclusion criteria and 
exposure definitions may account for the discrepancies. 

Our finding that women who exclusively used con- 
jugated equine estrogen preparations =0.625 mg had 
little increased risk of endometrial cancer is inconsistent 
with other studies.*?” All reported epidemiologic in- 


` vestigations of this issue are based on a relatively small 


number of cases who used =0.625 mg preparations. 
Because of these small numbers, chance may be an 
explanation for our discrepant findings. Laboratory in- 
vestigations have shown that conjugated: equine estrc- 
gen 0.625 mg preparations exert a stimulatory effect 
on the postmenopausal endometrium.™:'> Whereas our 
findings. should serve to encourage further investiga- 
tion of the effects of low-dose estrogen replacement 
therapy, at this point they should not be considered an 


_ indication that low-dose estrogen replacement therapy 


does not pose an ‘increased endometrial cancer risk. 
Indeed, most available evidence suggests the contrary. 

Small. numbers preclude in-depth investigation of 
modification of the relationship between estrogen re- 
placement therapy and endomfetrial cancer by known 
risk, factors of endometrial cancèr. Nevertheless, our 
data suggest that women who take oral contraceptives 
for =12 morths may have a reduced risk of endome- 
trial cancer associated with estrogen replacement ther- 
apy use. This association is consistent with current 
knowledge of the effects of steroid hormones on the 
endometrium. Oral contraceptive use of =12 months 
reduces a woman’s risk of endometrial cancer by about 
50%.’ This effect persists for =15 years after last oral 
contraceptive use and appears to vary little by combined 
oral contraceptive formulation used. The persistent ef- 
fect suggests that oral contraceptives may render the 
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Table V. Estrogen replacement therapy for =2 years and endometrial cancer risk, by 


‘selected characteristics 









Never used 









Characteristic 
Age ; 

40-49 3 9 52 

50-54 28 58 95 
Parity 

0 8 1] 30 

21 23 55 114 
Menopausal 

status 

Peri Th a 13 91 

Post 24 54 56 
Body mass index 

<2.75 25 63 104 

22.75 6 4 43 
Treatment for 

hypertension 

Yes 1] 1] 38 

No 20 56 108 
Smoking 

Ever : 15 4] 72 

Never 16 26 ` 74 
Use of. oral 

contraceptives 

212 mos 3 28 25 

Never . 20 29 94 







95% Confidence 
limits 









Controls p Valuet 


" 412 2.9 0.8, 11.2 0.8 
439 f 2.5 1.5, 4.1 

100 2.5 0.9, 7.0 0.9 
747 2.5 1.4, 4.3 

493 2.6 1.0, 6.8 0.8 
358 2.9 1.7, 5.1 

727 ` 24 1.4, 4.0 0.5 
124 3.7 1.0, 13.9 

-165 4.3 1.7, 10.8 0.2 
685 2:1 1.2, 3.6 

491 2.3 1.2, 4.5 0.7 
358 2.8 1.4, 5.6 

279 1.2 0.3, 4.3 0.1 
445 3.5 1.9, 6.6 


*Limited to women who used estrogen replacement therapy =2 years. 
+Estimate adjusted for age and body mass index. In each characteristic stratum, estrogen replacement therapy users of =2 


years compared with never users. 
Likelihood ratio test for heterogeneity. 


endometrium less susceptible to subsequent carcino- 
genic influences such as estrogen replacement therapy. 
If it exists, such a mitigating effect of oral contracep- 
tives on the carcinogenic action of estrogen replace- 
ment therapy would have important clinical implica- 
tions. As more women with a history of oral contra- 
ceptive use move into the menopausal years and 
undergo estrogen replacement therapy, the hypothesis 
this analysis generates will become easier to study. 

As previously reported, we believe that the 
population-based study design of the Cancer and Ste- 
roid: Hormone Study and use of visual aids to recall 
hormonal exposure reduce the likelihood of selection 
and information biases.? We also believe that detection 
bias is unlikely to account for our findings. Altogether, 
32% of cases and 42% of controls had a dilatation and 
curettage before diagnosis or interview. A total of 43% 
of the cases who had used estrogen replacement ther- 
apy and 28% of the cases who had never used estrogen 
replacement therapy had a dilatation and curettage be- 
fore diagnosis. The corresponding percentages of con- 
trols with a dilatation and curettage before the inter- 
view were 63% and 39%, respectively. Restriction of the 
analysis to those women who had undergone two or 
more dilatation and curettage procedures before di- 
agnosis or interview did not appreciably alter the du- 


ration effect of estrogen replacement therapy seen in 
Table IJ. Furthermore, among women who reported 
no previous dilatation and curettage, the relative risks 
for <2, 2 to 5, and 26 years of estrogen replacement 
therapy were 1.8, 2.5, and 6.2, respectively. 

In conclusion, our findings suggest that estrogen re- 
placement therapy for =2 years without concurrent 
progestin therapy produces an approximately three- 
fold increase in-a woman’s risk of endometrial cancer. 
This risk increased with increasing duration of use and 
persisted for long after cessation of estrogen replace- 
ment therapy. Previous oral contraceptive use for =12 
months may modify this association. This latter, poten- 
tially important effect requires further investigation. 
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Statistical evaluation of diagnostic criteria for 


bacterial vaginosis 


Jessica L. Thomason, MD, Sheldon M. Gelbart, PhD, Robert J. Anderson, PhD, 
Ann K. Walt, RNC, OGNP, Peter J. Osypowski, MLT(ASCP), and 


Fredrik F. Broekhuizen, MD 
Milwaukee, Wisconsin, and Chicago, Illinois 


Bacterial vaginosis is the most common cause of vaginitis in women of reproductive age. in an attempt to 
clarify diagnosis of this condition, various parameters of signs and symptoms and groups of parameters 
were compared with classical! diagnostic criteria in 310 patients. There was no significant difference in 
positive diagnosis rates between the Amsel et al. criteria and those of Thomason et al. (p = 0.25). The 
single most reliable indicator of bacterial vaginosis was the presence of clue cells on wet mount 
examination of vaginal secretions (sensitivity 98.2%, specificity 94.3%, positive predictive value 89.9%, 
negative predictive value 99.0%). The best two combinations of parameters for rapid accurate clinical 
diagnosis were clue cells and odor on alkalinization (sensitivity 81.6%, specificity 99.5%, positive predictive 
value 98.8%, negative predictive value 92.1%). Gram stain criteria (bacterial morphologic types) were less 
accurate predictors of the disease (sensitivity 97.0%, specificity 66.2%, positive predictive value 57.2%, 
negative predictive value 97.9%). Even when the bacterial morphologic type criteria were combined with 
presence of clue cells, predictive accuracy did not exceed that of clue cells on wet mount examination 
alone (sensitivity 93.9%, specificity 84.7%, positive predictive value 74.2%, negative predictive value 
96.8%). Homogeneous discharge was found to be of little diagnostic value. (Am J OBSTET GYNECOL 


1990;162:155-60.) 


Key words: Bacterial vaginosis, diagnosis 


Bacterial vaginosis (previously known as nonspecific 
vaginitis, Gardnerella vaginitis, Corynebacterium vaginitis, 
Haemophilus vaginitis, nonspecific vaginosis, and anaer- 
obic vaginosis) is an abnormal condition of the vaginal 
ecosystem caused by the overgrowth of both aerobic 
and anaerobic vaginal bacterial flora.'* It is the most 
prevalent vaginitis, it is responsible for approximately 
one third of all cases of vulvovaginitis in women of 
reproductive age, and it is one of the most frequent 
complaints of women consulting their primary care 
physician." * Amsel et al.* claimed that bacterial vagi- 
nosis was present if three of these four criteria were 
present: (1) homogeneous, thin, milklike vaginal dis- 
charge; (2) vaginal pH >4.5; (3) clue cells (vaginal ep- 
ithelial cells whose borders are obscured by attached 
bacteria); and (4) fishy odor on alkalinization of vaginal 
secretions. Spiegel et al.* showed that the diagnosis of 
bacterial vaginosis was possible from a Gram stain of 
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vaginal secretions if Gardnerella morphologic types 
outnumbered lactobacilli morphologic types and if 
other bacterial morphologic types were present.* This 
method has become popular for laboratory diagnosis 
of bacterial vaginosis in the past 5 years. Thomason 


et al. attempted to combine these criteria and noted that 


lactobacilli morphologic types could be determined in 
wet mount examinations without the use of Gram stain- 
ing.’ They claimed that bacterial vaginosis was present 
if four of the five criteria (nonlactobacilli morphologic 
types greater than lactobacilli morphologic types in ad- 
dition to the four criteria of Amsel et al.) were met. 
The purpose of this study was to determine how 
various rapid diagnostic criteria compared with each 
other and to evaluate each individual parameter sep- 
arately or in clusters to determine the predictive ac- 
curacies of these parameters and clusters. The goal was 
to identify the most reliable, rapid, clinically useful di- 
agnostic criteria for the diagnosis of bacterial vaginosis. 


Patients and methods 


Vaginal secretions of 500 consecutive nonpregnant 
women of reproductive age attending the Obstetrics 
and Gynecology Infectious Disease Clinic at Sinai Sa- 
maritan Medical Center between 1986 and 1987 were 
collected and examined. This clinic sees women for all 
lower genital tract infectious disease problems and 
serves as a referral base for infectious disease problems 
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for the Midwest. It is not an STD (sexually transmitted 
disease) clinic. A routine gynecologic speculum exam- 
ination was performed on each patient, and a medical 
history was taken. Patients were asked if they had any 
complaint related to the lower genital tract. Specific 
complaints of itching, unusual bleeding, foul odor, or 
presence of an unusual discharge were noted as patient 
complaints. All patients were seen by residents and at- 
tending physicians as part of our residency training 
program. Vaginal secretions were obtained with saline 
solution—moistened swabs and were examined micro- 
scopically for bacterial morphologic types, clue cells, 
yeasts, and trichomonads. Specimens were considered 
adequate if at least 10 epithelial cells per high-power 
field (x 400) were seen. The presence of even as few 
as one clue cell-per field in 20 fields (x 400) was con- 


sidered positive. Wet mounts were prepared within 15 | 


minutes of collection and analyzed immediately. Slides 
were not permitted to desiccate. Odor was tested by 
immersing a swab containing the vaginal secretions in 
10% potassium hydroxide and smelling the swab. 
The pH of vaginal secretions was measured with phen- 
aphthazine paper (Nitrazine paper, E. R. Squibb, 


Princeton, N.J.). The presence of homogeneous dis- . 


charge in the vaginal canal was noted. Gram stains were 
made of vaginal secretions obtained by saline solution— 
moistened swabs and evaluated for bacterial morpho- 
logic types and for clue cells. Gram stains from Difco 
(Detroit) were used. The gram stain interpretation of 
Spiegel et al.‘ was followed. At x 1000 the following 
coding scheme is used: 1 +, less than one organism per 
field; 2+, one to five organisms per field; 3+, six to 
30 organisms per field; 4+, >30 per field. When large 
gram-positive lactobacillus morphologic types were 
present alone or greatly exceeded other bacterial mor- 
photypes, the Gram stain was interpreted as negative 
for bacterial vaginosis. Investigators agree that this is 
the only clearly negative Gram stain.* *’ When lacto- 
bacillus morphologic types were present at =2+ levels 
and there were 3+ to 4+ levels of mixed flora, in- 
cluding Gardnerella, cocci, rods, fusiform bacteria, or 
curved rods, slides were interpreted as positive for bac- 
terial vaginosis as recommended by Spiegel et al.* In 
addition, slides were read by our group as positive for 
bacterial vaginosis if Gardnerella and other morphologic 
types exceeded lactobacillus morphologic types even if 
lactobacillus morphologic types were present at =3+ 
levels. All patients were screened for both gonorrhea 
and chlamydia and, if symptomatic {i.e., vulvar ulcer- 
ations), for other sexually transmitted diseases as well. 

McNemar’s x’ test was used to compare the diagnosis 
rate for the criteria of Amsel et al. Sensitivity, specificity, 
and positive and negative predictive accuracy were cal- 
culated as described by Galen and Gambino. 
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Results 

One hundred ninety patients were excluded because 
they were found to have either yeasts, trichomonads, 
syphilis, gonorrhea, Haemophilus ducreyi, or chlamydia 
or they had visible evidence of herpes, leaving 310 eval- 


uable patients. The descriptive data on evaluable pa- 


tients, with ages ranging from 15 to 51, are presented 
in Table I. No evaluable patients had complaints of 
itching, or unusual bleeding. With the criteria of Amsel 
et al., 98 patients had bacterial vaginosis, and 74 (76%) 
of them complained of discharge.* Of these 74, 67 had 
positive test results for bacterial vaginosis by all criteria, 
individual end clusters. Of the 212 that did not meet 
the criteria of Amsel et al., 139 (66%) complained of 


vaginal discharge. By the criteria of Thomason et al’, 


95 patients (all of whom were included among those 
designated as positive by the criteria of Amsel et al.) 
had bacterial vaginosis. There were no false positive 
results. There was no significant difference between the 
criteria of Amsel et al. and those of Thomason et al. in 
the classification of positive results (p = 0.25 by two- 
tailed sign test). In contrast, with Gram stain criteria, 
166 patierits had bacterial vaginosis, but only 95 of these 
were included in those designated as positive by the 
Amsel criteria, yielding a positive predictive value of 
57.2%; in contrast, the negative predictive value was 
97.9%.* With the Amsel criteria used as our standard, 
the criteria of Spiegel et al. had a sensitivity and spec- 
ificity of 97.0% and 66.2%, respectively. Because ther 

was no statistically significant difference between the 
diagnostic criteria of Amsel and those of Thomason; 
Amsel’s criteria are referred to as the “standard” cri- 
teria for purposes of comparison with other diagnostic 


` criteria referenced in the text. 


The best single diagnostic criterion was clue cells cn 
wet mount examination. There were only 12 false- 
positive and two false-negative results in comparison 
with the Amsel criteria. This produces a sensitivity of 
98.2% and a specificity of 94.3% with positive and neg- 
ative predictive values of 89.9% and 99.0%, respec- 
tively. The second best criterion was odor on alkalini- 
zation. The individual diagnostic criteria used by Amsel 
and Thomason are evaluated in Table II. 

Table III shows the positive and negative predictive 
values, relative to the criteria of Amsel et al., of all 
criteria considered in this study. All of the diagnostic 
criteria used by Amsel and Thomason appear useful 
but the positive and negative predictive values of ho- 
mogeneous discharge reveal that it is the poorest of all 
individual criteria. Thomason’s recommendation to 
combine wet mount criteria of nonlactobacillus mor- 
phologic types exceeding lactobacillus morphologic 
types or Spiegel’s Gram stain criteria with those of Am- 
sel’s group does not significantly affect diagnosis. Even 
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replacing homogeneous discharge with bacterial mor- 
phologic types does not significantly affect predictive 
value because clue cells and odor are such strong in- 
dicators of bacterial vaginosis that they outweigh other 
criteria. Note that pH >4.5 has a low positive predictive 
value (52.6%), indicating that the pH change may be 
an early alteration of vaginal milieu preceding or ac- 
companying decreased lactobacilli followed by anaer- 
obic overgrowth. 

Gram staining, even when clue cells are considered 
in combination with bacterial morphologic types, has a 
low positive predictive value (74.2%), further indicating 
that changes in morphologic types appear to precede 
the classically defined syndrome. Our data also show 
that clue cells are best detected on wet mount exami- 
nation and that identifying clue cells on Gram stain 
leads to higher numbers of false-positive results (n = 
35) than would occur if clue cells are identified on wet 
mount (n = 12). This may be due to the effects of de- 
siccation. Even lactobacilli in high numbers will adhere 
to epithelial cells in stained preparations. Nevertheless, 
the large negative predictive value (97.9%) indicates 
that Gram staining is useful in ruling out bacterial va- 
ginosis. 


Comment 


Although useful indicators, pH and bacterial mor- 
phologic type determinations are not necessary to di- 
agnose bacterial vaginosis. The presence of clue cells 
(best determined on direct wet mount examination of 
vaginal secretions at 400 power and by looking prin- 
cipally for borders obscured by adhering bacteria) and 
odor on alkalinization (best detected by placing 10% 


potassium hydroxide directly on vaginal secretions col- 


lected on a swab or on the speculum) are the two strong- 
est indicators of bacterial vaginosis. This confirms an 
earlier observation by Bump et al.° when studying 


asymptomatic patients. There is some controversy over ` 


the number or ratio of clue cells to epithelial cells that 
must be visualized to make a diagnosis.’ Our data show 
that considering the presence of only an average of one 
clue cell per 20 high-power (x 400) fields as positive is 
sufficient when examining wet mount specimens. 
There were very few false-positive results with this eas- 
ily performed criterion during rapid wet mount ex- 
aminations. Gram stain evaluation of bacterial vaginosis 
is more difficult to perform, is not readily available in 
most office situations, and is time consuming. We found 
a large number of false-positive results when the pres- 
ence of any clue cells on Gram stain was considered to 
represent vaginosis. We concur that it is probably nec- 
essary to have 5% to 20% clue cells on Gram stain before 
the specimen is designated positive for clue cells.” De- 
generating, heavily granulated, or cornified epithelial 
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_ cells can be mistaken for clue cells. To avoid this, it is 


imperative that the cell borders be examined. 

By including Spiegel’s intermediate group of mor- 
phologic types as positive, rather than indeterminate 
as recommended by Spiegel, the number of false- 
positive results was increased. However, in a screening 
test the label “indeterminate” would not be welcomed 
by physicians and would make quality control of the 
assay nearly impossible. We therefore decided arbi- 
trarily that suspect specimens should be called positive 
and analyzed our data on the basis of that decision. 
Martius et al. and Eschenbach et al.’ also recently com- 
pared Gram staining for bacterial morphologic types 
to the Amsel criteria. They retained the “indetermi- 
nate” category, discarding speicmens with equal num- 
ber of lactobacilli and nonlactobacilli as “nonevaluable.” 
Martius et al. reported 89% sensitivity and 95% spec- 
ificity for Gram ‘staining with 81% positive and 98% 
negative predictive values. Eschenbach et al.” reported 
only a 69% positive predictive value with the use of 
Gram stain.” We concur that as long as this intermediate 
or indeterminate group is not considered negative, the 
negative predictive value for Gram staining is accept- 
able and agree that if Gram stain diagnosis is used as 
the sole basis to decide if treatment is necessary, the 
intermediate group probably should not be considered 
positive for bacterial vaginosis. 

In an attempt to clarify the confusion caused by the 
nonevaluable category, Hillier et al. recently developed 
a numerical scoring system to evaluate Gram stains for 
diagnosis of bacterial vaginosis (Hillier SL, Krohn MA, 
Nugent RP. Relationship of vaginal microorganisms 
and clinical signs to a bacterial vaginosis score based on 
vaginal gram smear. Abstracts of the Twenty-seventh 
Interscience Conference on Antimicrobial Agents and 


Chemotherapy). We did not evaluate that scoring sys- 


tem. We also did not evaluate culture for Gardnerella 
vaginalis since it has repeatedly been shown to be of 
little diagnostic value. Eschenbach’s group, using Hu- 
man Bilayer Tween media as their selective agar, found 
that more than 55% of normal patients had Gardnerella, 
which was =3+ in 65% of these patients.’ 

Can practitioners overdiagnose bacterial vaginosis? 
Only 74 of the 98 patients diagnosed by Amsel’s criteria 
were symptomatic. Of these 74, only 67 had all the signs 
and symptoms of the syndrome. Clearly, the disease 
condition represents a continuum of change in the vag- 
inal environment. Bacterial vaginosis is not an infection 
caused by one single organism but exists because of an 
overgrowth of colonizing bacteria. This overgrowth is 
chronic, and it appears that many of the organisms 
involved are never eradicated, only diminished in num- 
ber. Several studies show that the disorder clears spon- 
taneously in some cases while in others antimicrobial 
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Table I. Descriptive data on evaluable patients 


(n = 310) . 
z 
Age - 26.0 
Mean + SD 27.5 + 8.33 
Gravidity . 20 
Parity 1.0 
Abortions 0.0 
Type of contraception 
Oral contraceptives 93 30.0 
Intrauterine contraceptive 16 5.2 
device 
Barrier 26 84 
Sterilization 60 19.4 
` Other 35 94 
None 80 25.8 
Patient’s complaint of dis- 213 68.9 
. charge 
Discharge seen at introitus : 112 36.1 








therapy has little effect.* '? However, other studies 
show that treatment is warranted because of increased 
risk of infectious morbidity in untreated, asymptomatic 
patients (women about to undergo vaginal surgery or 
who are pregnant and have had a previous history of 
premature rupture of the membranes or premature 
labor).'* A recent study has also documented an in- 
creased risk of pelvic inflammatory disease diagnosed 
at laparoscopy in patients having bacterial vaginosis." 
Both sides of this controversy are covered in our re- 
view.” Our data suggest that for bacterial vaginosis to 
occur, lactobacilli morphologic types decrease, other 
bacterial morphologic types increase, and vaginal pH 
must rise. Although the data do not clearly indicate 
which condition occurs first because of the similarity of 
the positive and negative predictive values, the three 
conditions must occur concomitantly for manifestation 


of the complete syndrome. The low positive predictive . 


values indicate that the occurrence of any one of these 
three phenomena does not necessarily mean the patient 
will. develop bacterial vaginosis. However, when bac- 
terial proliferation reaches the point that the organisms 
literally cover the epithelial cells and produce enough 
aromatic amines (trimethylamine, putrescine, cadav- 
erine, methylamine, etc.) to be detectable, bacterial va- 
ginosis exists as indicated by both the high positive and 
‘the high negative predictive values shown in Table III 
(criterion 11). i 

An earlier single criterion (e.g, pH changes or 
changes in bacterial flora) of bacterial vaginosis should 
not be used as individually indicative of the complete 
syndrome. Variation in the pH of vaginal secretions can 
occur because of many reasons, including recent inter- 
course, menses, and different sampling times within 
the menstrual cycle. As such, the use of pH >4.5 alone 
as an indicator of bacterial vaginosis would result in 
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Table II. Evaluation of individual diagnostic 
criteria against Amsel and Thomason criteria 
(n = 310) 
















Bacterial vaginosis 


Negative 
(n = 212) 







Homogeneous discharge seen 
at the introitus 


x? = 1.81 (p = 0.179) 
pH of vaginal secre- 


tions > 4.5 
Yes 81 90 
No 131 8 


x? = 59.88 (p < 0.0001) 

Odor on alkalinization 
Yes 5 82 
No 207 16 
x? = 5.76 (p < 0.016) 

Clue cells on wet mount ex- 
amination of vaginal secre- 


tions i i 
Yes 12 96 
No 200 2 


xX’? = 7.14 (p = 0.008) 
Gardnerella and other mor- 
phologic types outnumber 
laciobacilli on microscopic 
wet mount examination 
Yes 59 94 
No 7 i 152 4 
x? = 48.02 (p < 0.0001) 


many erroneous diagnoses. However, because of its 
high negative predictive value coupled with the fact that 
it is an extremely simple and economical test to perform 
if an adequaze amount of secretion is present, pH test- 
ing of vaginal secretions is a useful tool to rule out 
bacterial vaginosis or, if there is an elevation, to alert 
the physician to look for “clue” cells. 

This study agrees with previous data showing that 
the presence of an inflammatory response, i.e., white 
blood cells exceeding epithelial cells, should not be used 
to completely rule out bacterial vaginosis (negative pre- 
dictive value; 72.6%),’ even though bacterial vaginosis 
is considered to be noninflammatory.'* '” The data also 
confirm that Mobiluncus on a wet mount is an excellent 
indicator of bacterial vaginosis (positive predictive 
value, 98.6%) but that it is difficult to visualize in many 
patients with the disease (negative predictive value 
57.1%).? Mobiluncus is easily and rapidly identified by 
its characteristic motility-on wet mount.’ Discovering 
its presence cn wet mount virtually diagnoses bacterial 
vaginosis without examining for other, previously dis- 
cussed parameters. However, all patients with bacterial 
vaginosis do not have the highly motile curved rods 
readily visible at microscopic analysis of the vaginal se- 
cretions. 
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Table ITI. Positive and negative predictive values of individual diagnostic criteria and criteria clusters 
(n = 310) 








Predictive value (%) 












Diagnostic criterion Positive Negative 


1. Homogeneous discharge seen at introitus ` - 42.1 88.7 
2. pH > 4.5 52.6 94,2 
3. Odor on alkalinization 94.2 92.8 
4. Clue cells on wet mount examination 89.9 99.0 
5. Clue cells on Gram stain 72.4 96.7 
6. White blood cells outnumber epithelial cells on wet 56.5 72.6 
mount yet , = ' 
7. Nonloactobacilli morphologic types outnumber lacto- 61.4 97.4 
- bacilli morphologic types on wet mount examination 
8. Mobiluncus on wet mount examination 98.6 57.1 
9. Nonlactobacilli morphologic types outnumber lactoba- 57.2 97.9 
çilli morphologic types on Gram stain 
10. Mobiluncus on Gram stain 81.1 52.5 
11. Clue cells on wet mount examination with odor 98.8 92.1 
12. Clue cells on wet mount examination with odor and 100.0 89.1 
pH > 4.5 
13. Clue cells on wet mount examination with either odor 91.6 100.0 
~ orpH > 4.5 
14. Clue cells on wet mount examination, nonlactobacilli 93.1 98.6 


morphologic types outnumber lactobacilli morphologic 
types, and either odor or pH > 4.5 
15. Clue cells on wet mount examination with both 95.6 94.5 
pH > 4.5 and nonlactobacilli morphologic types out- 
number lactobacilli morphologic types 
16. Clue cells on Gram stain and nonlactobacilli morpho- 74.2 96.8 
` logic types outnumber lactobacilli morphologic types 


Can homogeneous discharge seen at physical ex- 
amination be relied on as a useful indicator of disease? 
Homogeneous discharge previously has been reported 
to be the least sensitive of the Amsel criteria but it is 
considered relatively specific.® Perhaps the variation 
fromm one examiner to another in discharge quantity 
evaluated makes this particular characteristic só poorly 
preditive of disease. Likewise, the evaluation of pa- 
tients’ complaints concerning discharge may not be a 
useful indicator of disease, such complaints may reflect 
the. quantity of discharge experienced as “normal” by 
patients. Although 70% of patients with bacterial va- 
ginosis in this study complained of discharge, so did 
the majority of all patients seen. Also of interest is the 
paucity of complaints of itching or bleeding. In no case 
of uncomplicated bacterial vaginosis were these symp- 
toris encountered although patients were not specifi- 
cally asked about bleeding but voluntarily gave com- 
plaints about discharge. The presence of these symp- 
toms should probably alert the physician to look for 
concomitant sexually transmitted diseases. This pop- 
ulation may have had more complaints of discharge 
because they were attending a clinic particularly inter- 
ested in infectious disease problems of women. Pre- 
vious data from our group showed that nearly 50% of 
patients with bacterial vaginosis diagnosed by labora- 
tory testing were asymptomatic of disease complaints.° 


This fact would clearly indicate a need to establish re- 
liable, easily reproducible criteria to diagnose the dis- 
ease in the asymptomatic state. 

Many physicians advocate deferring medication un- 
less the patient is symptomatic, relying on the patient’s 
own defense mechanisms to restore the bacterial col- 
onization of the vagina to normal. However, patients’ 
reports of unusual discharge cannot be relied on for 
diagnosis of bacterial vaginosis since in a high per- 
centage of patients unusual discharge will be found to 
be normal.’ Criteria considered in this study defined 
the “normal” patient as one without clue cells or odor 
on alkalinization, as indicated by the high negative pre- 
dictive value of these traits, Such criteria can be deter- 
mined rapidly, making the tests useful for the practic- 
ing clinician. : 

Martius used a slightly different clinical classification 
of bacterial vaginosis than had been used by Amsel. 
Martius eliminated homogeneous discharge and con- 
‘sidered pH = 4.7 as the cutoff point for abnormality, 
using clue cells, odor, and pH >4.7 as the criteria and 
classifying results as positive for bacterial vaginosis if 
the patients had two of the three traits." In our sample 
we considered these criteria with the exception that our 
pH cutoff was 4.5. The positive predictive value was 
100%, but the negative predictive value was only 89.1%. 
By eliminating pH from consideration, the positive pre- 
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dictive value was 98.8% and the negative predictive 
value increased to 92.1%. This suggests that addition 
of variables actually may be counterproductive. 

_ After consideration of a variety of independént vari- 


ables, it is clear that the presence of clue cells on mi- 


croscopic examination is strongly associated with the 
presence of bacterial vaginosis, as had originally been 
described by Gardner and Dukes.'* We also analyzed 
criteria not including this trait but found them to be 
of little diagnostic value, except when odor on alkalin- 
ization is used as a single indicator of disease. Presence 
of odot is a good predictor of disease, although less so 
than when combined with the presence of clue cells. 
Even in clinics without microscopes, this amine test 
could be used to diagnose the disease with some degree 
of accuracy. Realistically, there are clinics and private 
practice situations where microscopes are not available 
or used: infrequently. In those situations, the odor on 
alkalinization of vaginal secretions could suffice to di- 
agnose bacterial vaginosis albeit not as precisely as when 
combined with-clue cells found during microscopic ex- 
amination of secretions. 

The best overall method to diagnose bacterial vagi- 
nosis is to look for clue cells on wet mount and test for 
odor on alkalinization of secretions. It is important to 
be able to differentiate clue cells from heavily granu- 
lated or mucus-coated epithelial cells and to have sat- 
isfactory olfactory function to be able to detect odor. 


Adding additional tests appears to add little useful in-- 


formation that would assist in making the diagnosis of 
bacterial vaginosis. Because odor cannot be evaluated 
during menses, patients should be deferred for eval- 
uation at a different point in the menstrual cycle. 
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Clear cell carcinoma of the sigmoid mesocolon: A tumor of 


the secondary miillerian system 


Hilary Evans, MD, William A. Yates, MD, William E. Palmer, MD, 
Richard L. Cartwright, MD,‘ and Richard W. Antemann, MD‘ 


Johnstown, Pennsyvlania 


Clear cell carcinoma was found in the sigmoid mesocolon of a 54-year-old woman, 6 years after the 
removal of all ovarian tissue. This tumor is of millerian origin. In addition to the millerian structures 
proper——the fallopian tubes, uterus, cervix, and upper vagina—a “secondary millerian system’ is present 
diffusely throughout the pelvis and lower abdomen. This case represents a tumor of the secondary 


mülerian systern. (Am J Oastet Gyneco 1990;162:161-3.) 


Key words: Clear cell carcinoma, millerian system, epithehum 


Clear cell carcinoma of the ovary originates from 
miillerian epithelium.’ We recently found clear cell car- 
cinoma in a cyst of the sigmoid mesocolon 16 years 
after the removal of all ovarian tissue, We report this 
as a tumor of the secondary miillerian system. 
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Fig. 1. Computerized tomogaphic sean at the level of the sa- 
eroiliac joints. A large cyst occupies most of the abdomen. 
Within it, nodules of tumor are seen on the posterior wall and 
extending along thick septa anteriorly. 





Fig. 2. Gross specimen, Multilocular cyst with nodules and 
papillary structures. 


Case report 

During a routine office visit for management of di- 
abetes, a 54-year-old woman was found on physical 
examination to have a large, left lower-quadrant mass. 
She was asymptomatic and denied knowledge of this 
mass. 

Eighteen years previously she had undergone 
total abdominal hysterectomy with left salpingo- 
oophorectomy. Two years later, right salpingo- 
oophorectomy was performed. The diagnoses were bi- 
lateral ovarian endometriosis, adenomyosis, and ade- 
nomatous endometrial hyperplasia. The microscopic 
slides from these operations were available for review, 
and the diagnoses were confirmed. 

Except for type II diabetes mellitus, discovered 2 
years before admission. and controlled with glyburide, 
the patient was asymptomatic during the 16-year in- 
terval after right salpingo-oophorectomy. 
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Fig. 3. Clear cells line glandular and papillary structures. Glycogen was demonstrated within the 
cytoplasm of these cells. The material in the luminal spaces is mucin. (Hematoxylin and eosin, 


Original magnification x 400.) 





Fig. 4. Hobnail cells line papillary structures. The apically oriented nuclei enlarge the luminal ends 
of these cells, which then taper toward their basal attachment. (Hematoxylin and eosin. Original 


magnification x 400.) 


Computerized tomographic scan of the abdomen 
showed a cystic mass in the mid abdomen, extending 
into the pelvis. Solid components, suggestive of malig- 
nancy, were identified within it (Fig. 1). 

At operation, an 18 x 13 cm, 625 gm cystic mass was 


removed from the left mesocolon. The surface was 
smooth. Cut surface showed a multilocular cyst, which 
contained nodules and papillary structures (Fig. 2). 
Microscopic examination revealed a clear cell carci- 
noma. Glandular and papillary structures were lined 
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by clear (Fig: 3) and hobnail (Fig. 4) cells. The clear 
cells contained glycogen within the cytoplasm, dem- 
onstrated by periodic acid—Schiff stain with digestion. 
Some glandular lumina contained mucin (Fig. 3). 

“Because of spillage of the cyst contents at operation, 
the patient was given radiotherapy—4500 R to the pel- 
vis by the shrinking field technique and 3000 R to the 
upper abdomen. 


Comment 


The gross, microscopic, and histochemical features 
of this tumor are identical to those of ovarian clear cell 
carcinoma. The ovarian tumor usually has a smooth, 
red-gray surface. It is partially cystic, with many pap- 
illary and polypoid projections into the cyst lumen, 
Three microscopic patterns have been described: solid, 
papillary, and tubulocystic.' Figs. 2 to 4 show these fea- 
tures. The presence of mucin within glandular lumina 
but not within the cytoplasm of clear cells is attributed 
to secretion from the surface without cytoplasmic ac- 
cumulation.’ | 

Clear cell carcinoma of the ovary, once considered a 
mesonephric tumor, is of miillerian origin. The evi- 
dence for this is its association with other miilerian 
epithelial lesions: a 24% association with endometriosis, 
mixtures of clear cell and endometrioid carcinoma, or- 
«igin of clear cell carcinoma within an endometriotic cyst 
or within endometrium, mixture with typical endo- 

`metrial adenocarcinoma, origin within the cervix, and 
“origin i in the vagina in association with a miillerian type 
of adenosis.' 

Furthermore, ultrastructural studies have shown a 































“Clear cell carcinoma 163 __ 


distinct difference between clear cell carcinoma of the 
female genital tract and renal cell carcinoma, although 
these two tumors strongly resemble each other at the 
light microscopic level.’ i. 

The miillerian ducts are formed from inv aginations 
of the coelomic epithelium and, in women, form the 
fallopian tubes, uterus, cervix, and upper vagina. Ex- 
ternal to the cavities of the original ducts, mUllerian 
tissue is diffusely present in the pelvic. and lower oe 
abdominal mesothelium—the “secondary miiller an 
system.”* ons 

Our patient’s tumor arose in a region: that contains Ae 
tissue of the secondary miillerian system. Hyste ectomy - 
and oophorectomy specimens showed three lesions of 
miillerian epithelium: adenomatous endometrial hye 
perplasia, adenomyosis, and endometriosis. ‘Such leo 
sions are commonly associated with clear cell carci 
noma. The unique feature of this particular case 
occurrence of clear cell carcinoma in secondary mül- : 
lerian tissue almost two decades after total hys C 
tomy and salpingo-oophorectomy. 


Mr. Ronald Blaney, BS, SCT (ASCP), prepared t 
photographs and photomicrographs. 
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Vulvar leiomyosarcoma in pregnancy 


Jeffrey A. Kuller, MD, Peter K. Zucker, MD, and Thomas C. C. Peng, MD 


Baltimore, Maryland 


To our knowledge, this is the first case of vulvar leiomyosarcoma occurring during pregnancy to be 
reported. The neoplasm was resected immediately after a term vaginal delivery. A wide local excision of 
the vulva with bilateral superifical inguinal node sampling was performed 6 weeks posi partum. Four 
previous cases of vulvar sarcoma occurring in pregnancy are reviewed. The need to perform biopsy of 
vulvar lesions during pregnancy is emphasized. (Am J OssteT GYNECOL 1990;162:164-6.) 


Key words: Vulvar leiomyosarcoma, pregnancy, neoplasm 


Sarcomas compose approximately 1% to 3% of all 
vulvar malignancies.':? This unusual gynecologic neo- 
plasm is rarely associated with pregnancy and little is 
known about their relationship. Current information 
is limited to four previously recorded cases of vulvar 
sarcoma in pregnancy with variable outcomes. We re- 
port here a patient diagnosed with an intermediate 
grade vulvar leiomyosarcoma at parturition. This is the 
first known reported case of vulvar leiomyosarcoma 
associated with pregnancy. 


Case report 

A 17-year-old, gravida 1, para 0, black woman was 
first seen at The Johns Hopkins Hospital at 39 weeks’ 
gestation in active labor, Prenatal care had been pro- 
vided at an outside clinic. The antepartum course was 
unremarkable except for the appearance of a polyp, 
first noted on the left side of the introitus at approxi- 
mately 4 months’ gestation. This lesion was initially 
“pea-sized,” but progressive enlargement throughout 
the pregnancy had been observed. She denied any his- 
tory of previous gynecologic malignancies or condy- 
loma acuminatum. The medical and surgical histories 
were noncontributory. No medications had been taken 
before or during the pregnancy. The family history was 
noncontributory. 

Physical examination revealed a well-developed, well- 
nourished black woman with normal vital signs. Per- 
tinent findings on admission were limited to the ab- 
dominal and pelvic examination. A gravid abdomen 
with an appropriate-for-gestational-age—sized fetus in 
cephalic presentation was noted. 

Pelvic examination revealed a 4 x 4 x 4 cm firm, 
fleshy, rounded mass arising from a 0.5 x 0.7 cm stalk 
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situated exterior to the hymeneal ring on the left side 
of the posterior fourchette. No lymphadenopathy 
was noted. Labor progressed normally and a vacuum- 
assisted vaginal delivery of a healthy 3050 gm female 
infant over a mediolateral episiotomy on the side con- 
tralateral to the mass was performed. 

The mass was resected at the base of the stalk im- 
mediately after delivery. The post partum course was 
complicated by an episiotomy infection, which resolved 
with parenteral antibiotics and sitz baths. 

Histopathologic examination of the polyp revealed 
an intermediate grade leiomyosarcoma with 10 mitoses 
per 10 high-powered fields in the most mitotically active 
areas (Fig. 1). Tumor extended to the surgical margin. 
Chest x-ray film before discharge was normal. A mag- 
netic resonance image of the abdomen and pelvis 6 
weeks post partum was negative for residual disease 
and adenopathy. At this time, the patient underwent a 
wide local excision of the vulva with bilateral super- 
ficial inguinal node sampling. Pathologic examination 
showed no evidence of residual sarcoma, and all lymph 
nodes were negative for tumor. 

The patient has had no evidence of recurrence in 20 
months of follow-up. Nineteen months after resection 
of the vaginal polyp, she had an uncomplicated term 
vaginal delivery. 


Comment 


Primary sarcoma of the vulva is an unusual malig- 
nancy accounting for only 1% to 3% of vulvar cancers. 
The age range is wide (6 to 64 years). The labia majora, 
labia minora, and periclitoral areas are the predomi- 
nant sites of occurrence. Like extragenital sarcomas, 
these lesions have a propensity for local and distant 
recurrence with pulmonary metastases the most com- 
mon site of distant spread. Metastases to liver and bone 
also have been reported. Leiomyosarcomas are the 
most common histologic types; in addition, liposar- 
comas, neurofibrosarcomas, rhabdomyosarcomas, fi- 
bromyosarcomas, angiosarcomas, and epithelioid sar- 
comas also have been reported. Pathologic subtype 
seems to be prognostically significant. Rhabdomyosar- 
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Fig. 1. Photomicrograph of vulvar leiomyosarcoma. Polygonal cells and mitotic figures are present. 


Table I. Reported cases of vulvar sarcoma in pregnancy 










Month in 






















Gravidity | gestation at 
Investigator and surgical Initial Follow-up : 
and year parity diagnosis Histologic features treatment treatment Follow-up: 





Nolan 23 GIPO At delivery Atypical fibrosar- Resection Wide local exci- l4 mo; no 
(1957) coma (?) at base sion; 4 days recurrence 
post partum 
Lysyj and 19 G2P1 5th Reticulum cell sar- Excisional Irradiation and Died of wide- 
Berquist coma vs. rhab- biopsy chemotherapy spread: metas- 
(1962) domyosarcoma 2 wk tases. 2'wk 
post partum post partum 
Priore et al. 22 G2Pi 5th Undifferentiated Excisional Hemivulvec- Eyr no 
(1965) fibromyo- biopsy tomy | wk recurrence 
sarcoma after biopsy 
Jafari et al. 39 G15P4 8th Mixed mesoder- Biopsy Irradiation im- Lost to 
(1978) mal tumor mediately af- follow-up 
ter delivery; : 
wide local ex- 
cision 2 mo 
later 
Kuller et al. 17 GIPO At delivery Leiomyosarcoma Resection Wide local 20 mo; no 
(1990) at base excision recurrence 


6 wk later 








comas grow rapidly with early metastases and poor out- 
come. Leiomyosarcomas, however, tend to be indolent 
with local and distant recurrences. 

In contrast, the rare occurrence of vaginal polyps 
with pseudosarcomatous features arising predomi- 
nantly in pregnancy deserves mention. These lesions 


are benign, usually occur in young adults, and have 
distinct histologic features. Histopathologic differen- 
tiation between these benign polyps and vulvar sarco- 
mas is of paramount importance as the former are ad- 
equately treated by simple excision while the latter re- 
quire further individualized evaluation and treatment. 








In planning therapy, consideration should be given 
to the site of the primary tumor, extent of infiltration, 
and degree of mitotic activity. The primary treatment 
is surgical excision with radical vulvectomy the standard 
procedure. In low-grade lesions where nodal involve- 
ment is rare, wide local excision may be sufficient. If 
this conservative approach is elected, one must be aware 
of the risk of local recurrences, and close observation 
is necessary. As with sarcomas at other sites, chemo- 
therapy may be of value in controlling metastatic dis- 
ease. Radiotherapy does not appear to be helpful. >? 

The occurrence of vulvar sarcoma in pregnancy is 
rare. Only four previous cases have been reported. In 
1957, Nolan described a patient with a pedunculated 
vulvar mass that appeared during the last month of 
pregnancy. The lesion was excised at its base at the time 
of delivery. Histologic examination showed a nonpig- 
mented sarcoma, although the exact character of the 
lesion could not be determined. Treatment consisted 
of wide local excision of the pedicle base. There was 
no. evidence of recurrence during the reported 14- 
month period of observation. 

Lysyj and Berquist reported on a pregnant patient 
whose lesion originally appeared in an old episiotomy 
scar in 1963. At approximately 23 weeks’ gestation, 
excisional: biopsy revealed features consistent with ei- 
ther a reticulum cell sarcoma or a rhabdomyosarcoma. 
Six months after the initial diagnosis and 2 weeks post 
partum, the patient died with widespread metastases 
to bone, brain, and liver. 

Priore et al. reported a third case of an undiffer- 
entiated bromyosarcoma diagnosed in the fifth month 
of pregnancy in 1966. Hemivulvectomy without node 
dissection done | week later revaled no residual tumor. 
The patient remained tumor-free for 4 years and two 
subsequent pregnancies. 
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Jafari et al., in a review of pregnancy and sarcoma 
in 1978, reported on a fourth patient who presented 
at 34 weeks’ gestation with a vulvar mass, which had 
been first noted just before. pregnancy. The lesion had 
progressively enlarged and biopsy revealed a myosar- 
coma. The patient was delivered of her infant 1 week 
later and was then given 37 Gy of external beam ra- 
diation to the perineum followed by a wide local ex- 
cision 2 months later. Final pathologic evaluation re- 
vealed a mixed mesodermal tumor. The patient was 
subsequently lost to follow-up. 

Our case represents the first known report of a vulvar 
leiomyosarcoma in pregnancy. Histologic examination 
revealed an intermediate grade lesion confined pri- 
marily to a polyp. Treatment consisted of wide local 
excision plus bilateral superficial inguinal node sam- 
pling because the lesion was situated at the introitus. 

This lesion was observed throughout the patient's 
gestation because it was assumed to be benign. The 
hesitancy to perform a biopsy delayed the diagnosis of 
a potentially lethal tumor for 5 months. While the ex- 
perience with vulvar sarcoma in pregnancy is limited 
and. conclusions as to definitive therapy difficult, the 
outcome here suggests that vulvar lesions in pregnancy 
should be aggressively pursued and biopsy should be 
performed when indicated. 
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Bilateral ovarian neoplasms and the risk of malignancy 


Paul P. Koonings, MD, David A. Grimes, MD, Keith Campbell, MD, and 


Marianne Sommerville, MD 
Los Angeles, California 


Bilateral ovarian neoplasms are believed more likely to be malignant than are unilateral neoplasms. To our 
knowledge, this clinical tenet has not been evaluated or quantified. To test this hypothesis, we conducted 
a 10-year review of ovarian neoplasms found at the time of celiotomy at the Women’s Hospital, 

Los Angeles County—University of Southern California Medical Center. Overall, women with bilateral 
neoplasms had a 2.6-fold increased risk ‘of malignancy when compared with women who had unilateral 
neoplasms (95% confidence interval, 2.0 to 3.4; p < 0.001). The age-standardized relative risk was 1.8 
(95% confidence interval 1.4 to 2.3). When standardized for the effect of menopausal status, the relative 
risk was 2.0 (95% confidence interval, 1.6 to 2.5). Bilaterality is associated with a doubling in the risk of 
cancer, a highly significant difference. (Am J OpsTer GYNECOL 1990;162:167-9.) / 


Key words: Bilateral ovarian neoplasms 


The clinical tenet that bilateral ovarian neoplasms are 
more likely to be malignant than are unilateral ovarian 
neoplasms has been widely cited.'* Nevertheless, this 
alleged increase in risk of malignancy has not been 
evaluated or quantified, to our knowledge. To test this 
clinical assumption, we have reviewed our experience 
with ovarian neoplasms over a 10-year period. 


Material and methods 


We reviewed the medical records of patients who had 
a diagnosis of ovarian neoplasm at the time of celi- 
otomy, confirmed by pathologic diagnosis, from July 1, 
1975, to June 30, 1985, at Women’s Hospital of the 
Los Angeles County—University of Southern Cali- 
fornia Medical Center. These methods have been 
described previously. Tuboovarian abscesses, non- 
neoplastic cysts, paraovarian cysts, and metastases from 
other tissues were excluded. 

The frequency of various types of ovarian neoplasms 
was calculated both by age groups and by menopausal 
status. Rates of malignancy and relative risks, with 95% 
confidence intervals, standardized for age and meno- 
pausal status were calculated by the method of Miet- 
tinen.”® We also calculated attributable risks associated 
with bilaterality. 


Results 
A total of 861 patients were studied; of these, 672 


had unilateral and 189 had bilateral tumors. Among 
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women with unilateral tumors, 104 (16%) had malig- 
nant lesions, in contrast to 76 (40%) of those with bi- 
lateral neoplasms (Fig. 1). 

Borderline neoplasms (neoplasms of low malignant 
potential) were infrequent in this series (31 patients). 
Nevertheless, an equal proportion of these tumors were 
unilateral and bilateral. This category of neoplasms was 
excluded from subsequent analysis. 

The crude relative risk of malignant change in the 
presence of bilateral neoplasms was 2.6 (95% confi- 
dence interval, 2.0 to 3.4; p < 0.001). When standard- 
ized for the potentially distorting effect of age (Table 
I), the relative risk fell to 1.8 (95% confidence interval, 
1.4 to 2.3). When standardized for the effect of meno- 
pausal status (i.e., premenopausal vs. postmenopausal) 
(Table II), the relative risk was 2.0 (95% confidence 
interval, 1:6 to 2.5). 

Premenopausal women with bilateral neoplasms had 
a 2.8-fold greater risk of malignancy (95% confidence 
interval, 1.9 to 4.1) than did women with unilateral 
neoplasms. Among postmenopausal women, the in- 
creased risk was 1.6-fold (95% confidence interval, 1.2 
to 2.2). For both premenopausal women and post- 
menopausal women, this difference was statistically sig- 
nificant. 

‘The attributable risk of malignancy associated with 
bilaterality increased with age. For women <39 years 
old, bilateral tumors carried an attributable risk of 6.1 
malignant lesions per 100 women, For women 260 
years old, the attributable risk increased to 29.1 per 100 
women. The same phenomenon was observed for 
menopausal status. For premenopausal women, the at- 
tributable risk associated with bilaterality was 17.7 ma- 
lignant lesions per 100 women. For postmenopausal 
women, the attributable risk rose to 23.6 malignant 
lesions per’ 100 women. 
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Fig. 1. Distribution of neoplasms by malignant potential and laterality. 


Table I. Rates and relative risks of malignant ovarian neoplasms by age and laterality 








No. of patients 











Total no. of 











with malignant 
` ovarian patients with Relative 95% Confidence 

Laterality neoplasms ovarian neoplasms Rate* riskt intervals 

<39 Unilateral “31 449 ` 6.9 1.0 _Referent 
Bilateral 10, 77 13.0 1.9 1.0-3.7 

40-49 Unilateral 27 90 30.0 1.0 Referent 
Bilateral 18 38 47.4 1.6 1.0-2.6 

50-59 Unilateral 27 74 36.5 1.0 Referent 
Bilateral 21 30 70.0 1.9 ‘1.3-2.9 

=60 Unilateral , 19 59 — 82.2 1.0 Referent 
. Bilateral 27 44 61.4 1.9 1.2-2.9 

Total Unilateral 104 672 15.5 1.0 Referent 
Bilateral 76 2.6 2.0-3.4 





*Rate per 100 patients. 


tUsing the unilateral group in each stratum as the index rate. 


Comment 

The classic triad of bilateral adnexal tumors consists 
of endometriosis, tuboovarian abscess, and ovarian car- 
cinoma. Endometriosis and tuboovarian abscess can of- 
ten be diagnosed preoperatively. When confronted 
with probable bilateral ovarian neoplasms, physicians 
need to know the likelihood that ovarian cancer will be 
found at celiotomy. This information is important for 
patient counseling, as well as for the preparation for 


and conduct of the operation. The crude relative risk . 


of malignancy associated with bilaterality (2.6) was sub- 
stantially higher than the risk after adjustment for the 
effect of age (1.8) and menopausal status (2.0). This 
indicates that both age and menopausal status are con- 
founding factors. In the presence of confounding fac- 
tors, the standardized (or adjusted) relative risk esti- 
mates are preferable to crude relative risk estimates. 


189 ` 40.2 


The likelihood of ovarian cancer among patients in 
our study increased with age. Moreover, for each age 
and menopause stratum, bilateral tumors were associ- 
ated with a higher probability of cancer than were uni- 
latéral tumors. Because the rate of malignant lesions in 
older and postmenopausal women with unilateral tu- 
mors was so high, the relative risk associated with bi- 
lateral tumors was limited. For example, since the rate 
of malignancy associated with unilateral tumors in post- 
menopausal women was 37 per 100, the highest pos- 
sible relative risk associated with bilateral tumors in this 
group would be 2.7 if all bilateral tumors were ma- 
lignant. l l 

An alternative way of assessing the clinical impact of 
bilaterality is the attributable risk of malignancy. Al- 

‘though the relative risk of malignancy associated 
with bilateral tumors for postmenopausal women was 
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Table II; Rates and itive risks bE alenant ovarian n neoplasms by menopausal status and EN 


Total no. of 
patients with 
ovarian neoplasms 
















No. of patients 
M enopausal = ‘with malignant’ ` 
status `. Laterality ovarian monan i 







Relative 
risk? 


95% Confidence 
intervals 












Premenopausal 0 7 Unilateral o“ LL53. o- poe `- 533 1.0 Referent 
HR - Bilateral — . `` 32 j 116 , 2.8 1.9-4.1 
Postmenopausal ` Unilateral SE ) Sees 139 | 1.0 Referent 
= Bilateral =. > 44. rot gg 1.6 ` 1.2-2.2 
Total >, Unilateral © ~ 104 `. + 672.0, . 1.0 Referent 
Bilateral’ = 0 76°, o, “189 40.2 2.6 2.0-3.4 
*Rate per 100 patients. l 
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Limitations of antenatal fetal heart rate monitors 


G. S. Dawes, DM, FRS, M. Moulden, and C. W. G. Redman, FRCP 


Oxford, England 


Erroneous or doubtful decelerations in fetal heart rate traces were present in 111 of 1000 consecutive 
antenatal clinical records obtained by monitors with autocorrelation. The incidence was 20% in fetuses 
<30 weeks of gestational age. Their elimination reduced the number of “decelerative” records by 42%. 
Erroneous or doubtful accelerations were also present in 11% of records. These errors are caused by the 
fetal heart rate.monitor and may contribute to the high intraobserver and interobserver variation on visual 
analysis. They can be detected by computer analysis. (Am J OBSTET GYNECOL 1990;162:170- -3.) 


Key words: Fetal monitor, fetal heart rate, decelerations, accelerations, instrumental errors 


Autocorrelation is a method of processing ultrasound 
signals from the fetal heart to derive the best estimate 
of pulse interval. In principle the similarity of two ad- 
jacent blocks of ultrasound data is compared; this 
should be greatest when the temporal shift precisely 
matches the pulse interval. The advantage over the 
peak detection method is that all the ultrasound pulses 
within a cardiac cycle are used to define the pulse in- 
terval. When the human fetal heart rate.is thus de- 
tected, there are occasionally abrupt decreases in rate, 
more rapid than those observed when the heart rate is 
detected by scalp- clip electrocardiography with peak 
detection. Because an equally abrupt rise in heart rate 
usually follows, from a value of 70 to 90 beats/min to 
normal, these changes have been regarded as artifacts 
caused by the transducer picking up the maternal 
pulse. We have also noticed occasional large deceler- 
ations of doubtful authenticity because they were as- 
sociated with high transient signal loss (>50%) and sim- 
ilar erroneous or dubious accelerations. We measured 
the incidence of these faults and report the results in 
this article. 


Material and methods 


One thousand consecutive clinical fetal heart rate 
(FHR) records from 349 patients were analyzed. An 
Apricot Xen microcomputer was used to sample a 
Hewlett-Packard 8040 fetal heart rate monitor at 100 
msec intervals to an accuracy of 0.25 beats/min. The 
autocorrelation function generated by the manitor was 
also sampled to assess accuracy, which was checked by 
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Fig. 1. Examples of computer printouts of FHR traces at 27 
weeks’ (upper left) and 41 weeks’ gestation (upper right) showing 
erroneous decelerations. Genuine accelerations (|) or decel- 
erations ( Î ) are identified by arrows above or below the trace, 
respectively. The conventional strip chart of part of the 27- 
week record is shown below to illustrate the erroneous decel- 
eration. ; 


an error algorithm.’ Valid fetal pulse intervals were 
averaged over Yie minute and stored, and a baseline 
was fitted.’ Signal loss was defined as the proportion of 
Yi6-minute epochs for which no valid FHR values were 
available. The mean record length was 27.5 minutes; 
mean signal loss was 4.7%. The records were filed on 
disk and were reanalyzed repeatedly to optimize error 
detection. ` 

Variations in heart rate from the baseline were de- 
tected as accelerations (>10 beats/min and 15 seconds) 
or decelerations (>10 beats/min and 1 minute, or >20 
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beats/min and 30 seconds). The area of decelerations 
was measured as the number of lost beats, that is, the 
sum of the differences between heart rate and baseline 
rate, calculated epoch by epoch, and divided by 16. 
Long-term variation in FHR was calculated as the mean 
minute range, that is, the mean difference between 
miminum and maximum pulse intervals during each 
minute unless, as during a prolonged acceleration, all 
pulse intervals were less than baseline when the range 
was measured from the baseline. Decelerations were 
separately categorized and excluded from the calcu- 
lation of long-term variation. Episodes of high or low 
FHR variation were identified as 5 of 6 consecutive 
minutes in each of which the range of pulse interval 
was >32 msec or <30 msec, respectively.* A more de- 
tailed description has been previously published.® ê 

Erroneous abrupt decelerations or accelerations. A 
search was made for two “e-minute epochs, consecu- 
tive or separated by one or more epochs of signal loss, 
when the FHR dropped by 35 beats/min or more. If 
within the next 10 minutes there was a corresponding 
abrupt rise 235 beats/min, then the intervening section 
was treated as erroneous (as an episode of signal loss). 
If this error was identified, it was labeled on the graphic 
display and printout (Fig. 1). A similar process was used 
to identify erroneous accelerations (i-e., a segment of 
FHR trace rising and falling equally abruptly). 

Criteria of record classification. The criteria for clas- 
sification as decelerative were designed to consider the 
fact that shallow decelerations may be sinister when the 
trace is flat. The record was designated decelerative if 
the area of a deceleration exceeded 20 lost beats; or if 
the mean range <22 msec and one or more shallow 
decelerations (>5 beats/min and 1 minute) were as- 
sociated with a uterine contraction. 


Results 


Erroneous decelerations. The upper two records of 
Fig. 1 show examples of erroneous decelerations at 27 
weeks’ and 41 weeks’ gestation, as displayed in a com- 
puter printout. The lower record of Fig. 1 shows the 
section of conventional Hewlett-Packard strip chart 

‘corresponding to the erroneous deceleration at 27 
weeks (Fig. 1, upper left). The abrupt changes in heart 
rate and their association with high signal loss (>25%), 
as indicated by the solid. horizontal lines in the upper 
records, are evident. Some of these artifacts are easy 
to spot visually (e.g., that in the upper right section of 
Fig. 1 at 41 weeks), but many are not so obvious, es- 
pecially if the fall in heart rate is brief, as in the illus- 
tration at 27 weeks’ gestation. 

The incidence of such erroneous decelerations was 
unexpectedly high. There were 106 such artifacts in 86 
of 1000 consecutive records made in the absence of 
labor at 22 to 41 weeks’ gestation. 
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Table I. Classification of decelerations with 
signal loss in 1000 records* 


With >20 lost 








Decelerations 





With $20 lost 











beats beats 
Signal 

loss (%) % 
0-9.9 49 59.8 543 79.4 
10-19.9 8 9.8 47; 6.9 
20-29.9 10 12.2 -20 2.9 
30-39.9 3 3.7 19 2.8 
40-50.0 4 4.9 23 3.4 
>50 8 9.8 32 4.7 

~ Total 82 100 684 100 


*470 records contained 766 decelerations of all kinds. 


Table II. Distribution by gestational age of 
mean signal loss and of records with 
erroneous or dubious decelerations 







Records with 
errors 









Gestational No. of 





age (wh) records 

<30 130 8.0 26 20 
30-31 88 5.4 10 11.4 
32-33 153 4.0 14 9.2 
34-35 183 4.4 17 9.3 
36-37 246 4.6 27 11.0 
38-39 131 3.6 12 9.2 
>40 69 3.2 5 7.2 
TOTAL 1000 111 11.1 


*Percentage of numbers of records at each age. 


We believe that these abrupt changes in FHR are 
artifactual. We did not observe them when recording 
by the peak detection method from good-quality ma- 
ternal abdominal fetal electrocardiography signals.” 
Nor were such abrupt changes seen in fetal lambs when 
recording by peak detection from electrocardiography 
electrodes chronically implanted on the chest.? 

Doubtful decelerations. Fig. 2 illustrates a large de- 
celeration (>20 lost beats) in which signal loss was 47%. 
This deceleration is likely to be genuine because it is 
followed by a period of 5 minutes during which the 
FHR is raised, a common feature of large genuine de- 
celerations. Table I shows how the numbers of decel- 
erations vary with signal loss. Larger decelerations are 
more. likely to be associated with high signal loss 
(>50%). Fhe total proportion of putative decelerations 
associated with high signal loss was 5.2%. There is a 
continuous gradation between those with unacceptably 
high (>50%) signal loss (and hence based on insub- f 
stantial evidence) and those with little or no signal loss. 
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Fig. 2. A record at 29 weeks’ gestation shows a deceleration with 47% signal loss (at 13 minutes). 
Long-term variation was 17.2 msec, in the abnormal range. There were no episodes of high FHR 
variation and no accelerations, yet there was increased FHR variation associated with movements 
in the last half of the record (i.e., FHR variation was attenuated, but continued to cycle episodically). 
The numbers below episodes of low variation show the mean range of pulse interval variation in 
msec. The patient was delivered 2 days later as a result of a continued steep downward trend in 
FHR variation (p < 0.01) and repetitive decelerations with decrease in the number of fetal move- 


ments. 


There were 79 decelerations (10.3% of the total) with 
20% to 50% signal loss, in an intermediate category. 

Signal loss can be so large that it makes some patterns 
of FHR uninterpretable. The problem is a particular 
example of the general one of scientific measurement 
with regard to what conclusions can be drawn when 
there are gaps in what should be complete data. 
Changes in rate may predispose to signal loss when 
associated with body movements, which cause a change 
in fetal position. Hence some of the patterns with high 
signal loss may be genuine, but we have no method of 
authentication. In these circumstances it is better to be 
conservative in identifying decelerations. We concluded 
that those with signal loss >50% should be rejected, 
and those with 20% to 50% signal loss should be drawn 
to the observer’s attention, as in Fig. 2. 

Accelerations. The same problem in interpretation 
occurs in relation to accelerations. Rapid accelerations 
(>10 bpm and 15 seconds), with an abrupt (1s minutes) 
rise and decline were relatively few (12 in the 1000 
records). Accelerations with >50% signal loss were 
present in 104 records, but comprised only 2.9% of all 
accelerations. 

Relationship of errors to overall signal loss and ges- 
tational age. It was to be expected that rejected dubious 
decelerations (250% signal loss during the event) 
would be associated with records that had high signal 
loss overall; that was indeed so. The same relationship 
was also valid in cases of erroneous decelerations. Signal 
loss is higher at earlier gestational ages," and the inci- 
dence of records with errors of all kinds is expected to 
be greater in immature fetuses. Table II shows that the 
incidence is greater (20%) at <30 weeks’ gestation, an 


age when FHR records, as an index of health, are par- 
ticularly necessary to good management for perinatal 
survival. 

Consequences. In 48 records the diagnostic classifi- 
cation was changed as a result of error detection, that 


` is, the rejection of an erroneous deceleration or one 


with high signal loss. The number of “decelerative” 
records was thus reduced from 115 to 67 (by 42%). The 
remaining 67 authentic decelerative records were from 
40 patients. 


Comment 


Only by numerical analysis can an exact definition of 
putative errors and their incidence be determined. Er- 
roneous decelerations are usually ascribed to detection 
of the maternal instead of the fetal pulse. This is un- 
likely to be the sole explanation because there are an 
appreciable number of erroneous accelerations obtained 
with similar criteria. Transient variations in autocor- 
relation are likely to be the primary cause. We have 
evidence that the faults are not confined to the partic- 
ular type of fetal monitor used. Although the intro- 
duction of the new generation of antenatal fetal mon- 
itors, with wide-range ultrasound transducer and au- 
tocorrelation,’ caused a large reduction in signal loss 
(from >20% to about 2% near term’), they are not 
perfect. The ultrasound pattern during each fetal pulse 
usually contains 3 to 5 peaks,” and if these are not very 
dissimilar, the possibility of erroneous autocorrelation 
is high. The autocorrelation is disturbed by arrhyth- 
mias or by rapid fetal movement and hiccoughs,’ which 
inject pulses at frequencies close to those generated by 
the heart. 
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It is noteworthy that the incidence of errors was 
greater in younger fetuses, especially before 30 weeks’ 
gestation. This finding is important because 35% of 
fetuses with abnormal FHR traces (with long-term vari- 
ation <20 msec, 3 SD or more below the mean value 
in fetuses with normal outcome) are so detected before 
30 weeks’ gestation (unpublished observations); Fig. 2 
illustrates such a record. 

These errors that arise from the imperfect function 
of fetal monitors can be identified visually from con- 
ventional strip chart traces when attention is drawn to 
them. However, they are not always easy to recognize 
and must contribute to the high degree of interobserver 
and intraobserver variation recorded by many au- 
thors.!"'6 Visual analysis, even by practiced profession- 
als, presents difficulties in recognition of erroneous or 
doubtful decelerations or accelerations, in making an 
appropriate allowance for episodes of high or low FHR 
variation in association with fetal sleep states and diur- 
nally, and in considering the change in FHR patterns 
with gestational age (e.g., the increase in the number 
of accelerations per hour during the last 10 weeks of 
gestation). The use of a computer to measure these 
variables with an accuracy not attainable from visual- 
ization of the strip chart allows a consistent judgment 
to be made when information is deficient. It leaves the 
observer free to concentrate on interpretation in re- 
lation to the normal frequency distribution, and the 
correlation with abnormal outcome.’ This computer- 
ized system also makes it possible for the first time to. 
judge the function of fetal monitors by measuring their 
limitations objectively. 


We thank Mrs. June Jennings, who took most of the 
records. 
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Predicting neonatal morbidity after perinatal asphyxia: A 


scoring system 


Ronald J. Portman, MD, Brian S. Carter, MAJ, MC, USA, Mark S. Gaylord, MD, 
M. Gail Murphy, MAJ, MC, USA, Rita E. Thieme, RN, and Gerald B. Merenstein, MD 


Denver, Colorado 


Predicting immediate neonatal morbidity after perinatal asphyxia has been difficult. A review of asphyxiated 
neonates =36 weeks’ gestation admitted to The Chidlren’s Hospital Newborn Intensive Care Unit in 1983 
was, conducted to devise a scoring system that would rapidly predict organ dysfunction observed in the 
immediate neonatal period. Comparison of potential score components to morbidity by multiple regression 
analysis yielded significant association with abnormalities in fetal heart rate monitoring, the 5-minute Apgar 


score, and neonatal base deficit. A scoring system was devised whose sensitivity (93.8%) and specificity 
(81.3%) were more predictive than any of its individual components. Prospective analysis in a similar 
population in 1984 validated its ability to distinguish severe from moderate morbidity after asphyxia. 
Positive predictive value for the score in the combined study groups (n = 98) was 79% and the negative 
predictive value was 83%. The scoring system may offer a rapid and accurate prediction of organ 
dysfunction in the immediate neonatal period after asphyxia. (AM J OssteT GynecoL 1990;162:174-82.) 


Key words: Perinatal asphyxia, scoring system, organ dysfunction, neonatal morbidity 


While many clinical and laboratory criteria are used 
to identify asphyxia, none, either alone or combined, 
is a good predictor of morbidity as manifested by organ 
dysfunction, especially in the neonatal period. 

The assessment of fetal or neonatal asphyxia cur- 
rently depends on measurements of acid-base status as 

. shown by fetal scalp pH,"* umbilical venous’ or arteri- 
al” * blood gas determinations, abnormalities in fetal 
heart rate monitoring," **7 Apgar scores at 1 minute, 
5 minutes, or later,” the need for positive-pressure 
ventilation during resuscitation,® '"* the passage of me- 
conium in utero,” and early neonatal seizures.* '° 

The well-recognized organ dysfunctions associated 
with asphyxia in the neonatal period include renal 
failure, meconium aspiration, respiratory distress, he- 
patic damage, shock, heart failure, necrotizing entero- 
colitis, intracranial hemorrage, coagulopathy, evidence 
of acute encephalopathy (seizures, apnea, abnormal 
neuromuscular tone), and death.*® !3-20 
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We investigated the possibility that criteria used to 
assess the presence of perinatal asphyxia might be pre- 
dictive of morbidity within the neonatal period after 
an asphyxial insult. These criteria must rapidly assess 
not only the presence but the severity of the asphyxia 
to define the group at greatest risk for multi-organ 
system dysfunction. We further intended that should 
such criteria be identified, their ready availability to the 
practicing physician and ability to aid in the rapid as- 
sessment of an infant without difficult biochemical tests 
would help in the decision to transfer a neonate to a 
tertiary facility and possibly qualify patients for new 
treatment modalities. An outborn population of neo- 
nates was studied because they are recognized to have 
the highest prevalence of perinatal asphyxia. 

A retrospective investigation of the study group was 
initiated to determine if a scoring system could be de- 
vised that would satisfy these requirements. Indications 
in the literature suggested such a possibility,” but to 
our knowledge none had been devised that was both 
sensitive and specific for the rapid prediction of the 


‘short-term sequelae of perinatal asphyxia. After ret- 


rospective development of the scoring system, we tested 
its reliability prospectively. 


Patients ‘and methods 


Retrospective study. The study was conducted at 
The Children’s Hospital in Denver, which is the main 
referral center for outborn neonates requiring tertiary 
level care in a six-state region, serving a newborn pop- 
ulation base of 60,000 to 75,000 live-born infants a year. 
Patients were selected for study on the basis of two 
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criteria. Charts were first identified for all neonates of 
36 full weeks’ gestation who were admitted to the Level 
III nursery at The Children’s Hospital during 1983 and 


who on discharge were coded for having birth asphyxia |. 


by the International Classification of Diseases-7-No. 768. 
This classification identified such infants solely by any 
Apgar score <7, regardless of gestational age, clinical 
course, presence of sepsis, presence of anomalies, or 
the physician’s admitting or discharge diagnoses. To 
devise a reliable score, infants were considered as- 
phyxiated and entered into the study on the basis of 
stringent Apgar scores (£3 at 1 minute or $6 at 5 
minutes). From a group of 156 patients with any Apgar 
score <7, 65 infants met these study requirements. Sev- 
enteen of this group were excluded because of the pres- 
ence of congenital anomalies or sepsis. 

Indicators of asphyxia were analyzed in this group 
of 48 patients as possible scoring criteria. The clinical 
and laboratory observations made in the first 7 days of 
life were then reviewed as were the admitting, interim, 
and discharge diagnoses given by the attending neo- 
natologists in an effort to assess the clinical courses for 
these infants and determine their morbidity that was 
caused by asphyxia. A tabulation of these data for each 
infant was presented separately to three different neo- 
natologists who were unfamiliar with these infants. As 
part of this study, they independently classified infants 
into the Severe or Moderate clinical complication group 
by assessing the quantity or characteristics of organ 
dysfunction, laboratory values, diagnostic test results, 
or mortality. The data reviewed for this classification 
did not contain any information on perinatal events or 
on criteria under consideration for asphyxia score de- 
termination. 

‘The determination of organ dysfunction indicating 
asphyxia was made by the clinical and laboratory means 


described in Table I. Any of these abnormalities con- ` 


sitituted involvement of that organ system. Each di- 
agnosis was made by standard clinical and laboratory 
criteria as deemed necessary by the attending neona- 
tologist. Seizures were attributed to asphyxia after elim- 
ination of metabolic and infectious causes and consul- 
tation with a pediatric neurologist. Most infants had 
either an ultrasonographic or computerized tomo- 
graphic examination of the head for assessment of pos- 
sible anomalies or bleeding. Electroencephalography 
was performed on only a few of the patients with sei- 
zures. Condition of the patients at discharge was re- 
corded and the presence of neuromuscular dysfunction 
or seizures or a requirement for anticonvulsants was 
noted. 

The indicators of asphyxia (Table II) were then ex- 
amined for their ability to predict organ dysfunction 
in the neonatal period. Four fetal heart rate patterns 
were noted in the 2 hours before delivery: normal, 
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Table I. Definitions of organ dysfunction used 
in study patients 





Ventilator-dependent respiratory dis- 
tress or hood oxygen requirement 
for > 24 hours (to include meconium 
aspiration syndrome) 

Cardiovascular Shock or hypotension (systolic blood 
pressure < 50 mm Hg, the need for 
pressor agents or colloid infusion to 
maintain BP), congestive heart failure 
not associated with structural heart 
disease or abnormal fluid status 

Seizures, abnormally low or increased 
neuromuscular tonus, intracranial 
hemorrhage 

Gastrointestinal Necrotizing enterocolitis 

Hepatic Elevated transaminases, prolonged pro- 
thrombin time or partial thrombo- 
plastin time with no evidence of dis- 
seminated intravascular coagulopathy 

Disseminated intravascular coagu- 
lopathy 

Renal Acute tubular necrosis, oliguria-anuria 

beyond the first 24 hours, hematuria- 

proteinuria >1+ quantitation on suc- 
cessive samples, renal tubular acido- 
sis, hypertension 


Pulmonary 


Neurologic 


Hematologic 


Mortality 


Table II. Correlation of indicators of asphyxia 
with organ dysfunction by multiple 
regression analysis 


Indicator Significance* 


1 min Apgar score < 3 NS 

5 min Apgar score < 6 < 0.001 

Nucleated red blood cell NS 
count > 500/mm 

> 1l min positive-pressure ven- NS 


tilation during resuscitation 


Abnormal fetal heart rate: < 0.01 
monitoring 

Base deficit >10 mEq/L < 0.001 
(neonatal, first 60 min) 

Fetal scalp pH NA 

Umbilical pH NA 





NA, Not available in sufficient quantity for analysis. 
*Multiple regression analysis. 


variable decelerations, severe or atypical variable or 
late decelerations, and prolonged bradycardia (<100 
beats/min for >1 minute), as reported by Kubli et al.’ 
These tracings were interpreted by the referring cli- 
nician and rarely accompanied the neonate in trans- 
port. Apgar scores were determined by the referring 
obstetrician, family physician, or nurse clinician. Extent 
of resuscitation and the use of oxygen, drugs, or 
positive-pressure ventilation were noted in the record. | 
Base deficit determination was made by standard in- 
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terpretation of blood gas data at the referring hospital 
on samples obtained within the first 30 to 60 minutes 
of life. In all cases blood gas values were measured 
before the administration of bicarbonate. Nucleated 
red blood, cell counts were obtained on the first day of 
life. 

The correlation of each of the asphyxia indicators 
with organ dysfunction (Table II) was initially evaluated 
by multiple regression ‘analysis as a screening tool to 
identify those variables that were significant. 

Comparison of the degree of organ dysfunction be- 
tween the severe and moderate.asphyxia groups as de- 
termined by the neonatologists’ review was performed 
by Fisher’s exact test. Significance was defined as a 

, probability value of <0.05. Each of the significant in- 
dicators was then weighted and develòped into a scor- 


ing system by means of sensitivity testing and x? anal- ` 


ysis. The scoring system devised in this manner was 
then tested for its association with organ dysfunction 
by using the McNemar x’ analysis to determine any 
significant misclassification of the patients. The asso- 
ciation of the quantitation of involved organ systems 
with clinical review was analyzed similarly. 

Prospective study. The scoring system devised was 
applied by a historical prospective method to a popu- 
lation of asphyxiated near-term newborns (n = 86) ad- 
mitted to The Children’s Hospital in 1984. Applying 
the ‘same inclusion criteria used in the retrospective 
group yielded 50 patients to validate the scoririg system. 
Each of the patients had their scores calculated from 
chart data and asphyxia was classified as Severe (=6 
points) or Moderate (=5 points). Individual clinical out- 
come was assessed as Severe (three or more organ sys- 
tems with dysfunction or death) or Moderate (one or 
two organ systems affected) on the basis of the quan- 
titative relationship of organ dysfunction and asphyxia 
severity suggested in the retrospective phase of the 
study. 

The score classification was then tested against the 
clinical classification by McNemar’s x? analysis. Sensi- 
tivities and specificities were determined for the indi- 
viduals core components, and positive and negative 
predictive values were calculated for the scoring system. 


Results 


The clinical characteristics of the patients in the two 
phases of the study and the comparison of those di- 
agnosed as having Severe or Moderate injury can be 
seen in Table III. 

Meconium-stained amniotic fluid was present in 73% 
of patients in the initial phase of the study and 62% of 
those in the validation phase. There was no consistent 
quantitation or characterization of the presence of me- 
conium, however, and no significant difference was 
found in the severe versus moderate asphyxia groups. 
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The median I-minute Apgar score was 2 in the initial 
phase of the study (severe asphyxia group = 1, mod- 
erate asphyxia group = 2; p = 0.05) and I in the val- 
idation phase (severe and moderate asphyxia each = 1, 
NS). A wide degree of fetal heart rate monitoring ab- 
normalities was seen with 75% being abnormal in the 
initial study and 82% in the validation phase. Mortality 
was 10% in the 1983 group and 12% in the 1984 group. 
The causes of death in 1983 were brain death (n = 1) 
and respiratory failure (n = 4, two of whom also had 
renal failure and one of whom had severe coagulopa- 
thy). In 1984 the causes of death were brain death 
(n = 2, one of whom also had renal failure) and re- 
spiratory failure (n = 4, two of whom also had renal 
failure). These patients had three or more organ sys- 
tems with dysfunction and death occurred by day 5 in 


‘all but one. There were no significant differences in 


the clinical charateristics between the two groups (Table 
III). No differences in the antepartum risk factors such 
as smoking, preeclampsia, hypertension, diabetes mel- 
litus, hemorrahge, or prolonged rupture of the fetal 
membranes were detectable. Most of these data were 
incomplete in this outborn population. 

Clinical evaluation. Independent review by the three 
neonatologists in the initial study using the means pre- 
viously described (see Retrospective study under Meth- 
ods) revealed neonatal courses suggestive of severe as- 
phyxial injury in 16 of 48 newborns; the remaining 32. 
were judged to have had moderate i injury. Agreement 
on classification was virtually unanimous. This initial 
review suggested a quantitative relationship between 
the extent of the organ dysfunction and the degree of 
asphyxia; therefore x? analysis was performed with sta- 
tistical significance shown (p < 0.01). In the validation 
phase of the study this relationship was used and clinical 
courses were considered severe or moderate by this 
quantitative method. Twenty-four of 50 newborns in 
the validation phase thereby had severe injury and 26 
had moderate injury. In both phases of the study 
there was a marked difference in the percent of infants 
with specific organ dysfunction between the severe and 
moderate groups (p < 0.05, Fisher’s exact test; Fig. 1A). 

Score development. Factors evaluated as indicators 
of asphyxia that might be developed into scoring com- 
ponents for predicting the short-term morbidity of as- 
phyxia are given in Table II. Since the study groups 
comprised outborn infants, fetal scalp pH and umbilical 
blood gas data were not available in sufficient quantity 
to be analyzed. When the six available criteria in Table 
II were statistically analyzed by multiple regression, by 
means of a backward elimination technique, signifi- 
cance was found for the 5-minute Apgar score, the base 
deficit on the first neonatal blood gas determination, 
and abnormalities in fetal heart rate monitoring in the 
2 hours before delivery. 
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Table IJI. Clinical characteristics of patients in the perinatal period 



















. Total population Moderate p* 

No. 1983 48 16 32 

- 1984 - 50 ! 24 26 
Gestational aget (wk) 1983 40.5 + 1.6 (37-43) 40.7 + 1.4 40.4 + 1.7 NS 
1984 39.8 + 2.2 (36-43) 40.1 + 2.3 39.6 + 2.1 NS 
Birth weight (gm). . 1983 3073 + 586 (1660-4452) 3082 + 558 3068 + 508 NS 
1984 3020 + 586 (1610-4080) 2982 + 628 3060 + 530 NS 

Method of delivery (%) 

Cesarean section 1983 40 44 38 NS 
a $ 1984 66 71 61 NS 
Spontaneous vaginal - 1983 54 44 59 NS 
1984 26 21 31 NS 
Forceps-assisted 1983 6 12 3 NS 
. 1984 -8 8 8 NS 
Meconium staining of 1983 73 63 75 NS 
amniotic fluid (%) 1984 f 62 58 65 NS 





*t test. The p values represent the comparison of the severe and moderate asphyxia groups. 
+Results are reported as mean + SD and range shown in parentheses. 


Table IV. Scoring system for postasphyxia morbidity 





5 min Apgar score >6 

Base deficit (mEq/L) <10 10-14 
(arterial blood gas 
value in Ist hr) 

Fetal monitoring* 


Normal 





26 points, Severe morbidity; <5 points, moderate morbidity. - 


*Sée reference 1. 


The variables in the regression analysis were then 
used to develop the scoring system consisting of these 
three components (Table IV). A maximal score of nine 
would reflect the most severe asphyxia injury as man- 


ifested by multiorgan dysfunction. The number of ' 


points assigned to define severe asphyxia injury (26) 
was determined to obtain the greatest sensitivity and 
specificity for the score in correctly identifying multi- 
organ system dysfunction deemed to be of a severe 
nature on separate and blinded clinical review. 


Score validation. An excellent association of the clin- 


ical classification and that of the score was observed by. 
means of McNemar’s xê. The misclassifications in the 
initial test (14.5%), validation (22%), and the combined 
populations (18.3%) were not significant. An analysis 
of sensitivity and specificity was undertaken for the 
score and its individual components. Different values 
for each of the components were assessed to determine 
which were most sensitive and specific; similar analysis 


Variable 
decelerations 





Points 


Severe or atypical 
variable or late 
decelerations 


Prolonged 
bradycardia 


was conducted for the 1-minute Apgar score. In re- 
viewing all of the individual components and the 1- 
minute Apgar score in this manner, it was found that 
the composite score offers the most sensitive (93.8%) 
and specific (81.2%) method of predicting short-term 
morbidity. . 

When the newborns in the validation phase of the 
study underwent classification by scores, 15 of 24 new- 
borns in the severe category by clinical parameters 
alone were correctly identified. Fig. 1B illustrates the 
organ-specific morbidities seen in this group. The dis- 
tribution of these patients by score is given in Fig. 2. 
In the combined study 30 of 40 severely affected neo- 
nates were correctly identified (Table V). 

The initial study yielded a positive predictive value 
of 71% and a negative predictive value of 96%. The 
validation phase of the study yielded a positive predic- 
tive value of 88% and a negative predictive value of 
73%. When the two study groups are combined 
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Table V. Association of the asphyxia score 
with neonatal outcome 





Clinical complications 





Points Severe 





1983 Study group 
= 


26 15 6 

<5 ; 1 26 
1984 Study group 

(validation) 

26 15 2 

<5 9 24 


1983 and 1984 Combined 
groups (N = 98) 
26 30 8 
<5 10 50 





For 1983: Sensitivity = 93.8%; specificity = 81.3%; positive 
predictive value = 71.4%; negative predictive value = 96.3%. 
For 1984: Sensitivity = 62.5%; specificity = 92.3%; positive 
predictive value = 88,2%; negative predictive value = 72.7%. 
For 1983 and 1984 combined: Sensitivity = 75%; specific- 
ity = 86.2%; positive predictive value = 78.9%; negative pre- 
dictive value = 83.3%. . 


{n = 98), the positive predictive value is 79% and the 
negative predictive value is 83% (Table V). Accuracy 
of the system is calculated to be 81% for the combined 


groups. ` 


Comment 

In studying two populations of asphyxiated new- 
borns, we have devised ánd tested a scoring system that 
encompasses measures of both the intrautetine envi- 
ronment and the immediate postpartum condition of 
the neonate. This system allows for the rapid recog- 
nition of asphyxia and assessment of its severity or po- 
tential for severe short-term morbidity as manifested 
by multi-organ system dysfunction or death. Further, 
we have ascertained the relative frequency of individual 
organ system dysfunction caused by perinatal asphyxia 
(Fig. 1). ; 

The prediction of short-term (neonatal) morbidit 
after perinatal asphyxia has been difficult. One of the 
factors contributing to this difficulty has been the vari- 
ability in definitions of asphyxia. While numerous in- 
dicators for asphyxia are recognized, no single indi- 
cator or definition häs been found to be predictive of 
subsequent morbidity. Such prediction is desirable in 
that it would identify newborns at greatest risk for 
short-term complications, facilitate more specific ther- 
apie’, and aid in the appropriate referral of high-risk 
newborns to tertiary centers in a timely fashion. 

The Apgar scores at 1 and 5 minutes have historically 
been used to define asphyxia and attempt outcome 
prognostication.*”?!** Clinicians overestimate the value 
of Apgar scores.” Recently the American Academy of 
Pediatrics has addressed the inappropriate use of Ap- 
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gar scores in this area” and the American Hospital 
Association has noted a need for accuracy in diagnosing 
asphyxia without relyirig solely on Apgar scores.” 
Methods other than the Apgar scores have shown 
similar efficacy in the diagnosis of asphyxia but have 
not been useful in prognosticating organ dysfunction 
in the immediate neonatal period. Numerous biochem- 
ical indicators of asphyxia have been reported,” and 
while they clearly reflect organ dysfunction and the 
systemic response to hypoxia, they serve more as re- 
search tools and are not available in most clinical 
services. Other indicators include umbilical blood 
gas data,*? electroencephalographic and clinical neu- 
rologic data,* '* * and meconium-stained amniotic 
fluid.” Some methods have been variably effective in 


` predicting long-term neurologic and developmental 


outcome. ® è 23 


The original criteria to be evaluated in this score were 
chosen for their availability in the antepartum or im- 
mediate postpartum period and their accepted use 
in diagnosing asphyxia. Several of the parameters 
were not found to be associated with organ dysfunction. 
In these two study populations the universal use 
of 1 minute of positive-pressure ventilation during 
resuscitation" and the depressed 1-minute Apgar score 
in virtually all patients had no prognostic value. The 
records did not allow an evaluation of 5 minutes of 
positive-pressure ventilation.® Nucleated red blood cell 
counts were not associated with outcome. Three score 
components demonstrated excellent association with 
short-term morbidity. In spite of previous reports of a 
lack of association of Apgar scores with morbidity, the 
5-minute apgar score was associated with organ dys- 
function in our two study populations. Base deficit on 
the first arterial blood gas sampling done in the first 
60 minutes of life in the neonate was found to be an 
excellent predictor of severity of asphyxia. This reflects 
the shift to anaerobic metabolism during hypoxia and 
subsequent metabolic acidosis. Neither scalp nor um- 
bilical blood pH could be assessed in these outborn 
populations. Abnormalities in fetal heart rate moriitor- 
ing were shown to be associated with organ dysfunction. 


- Patterns such as late deceleratioris were associated with 


more severe organ dysfunction than were variable de- 
celerations in our populations.'*° 
A 5-minute Apgar score of <4, the presence of ab- 
normal fetal heart rate monitoring results and a base 
deficit of >15 have been demonstrated to be valuable 
in diagnosing asphyxia.?"*! While each of these criteria 
individually was helpful in the diagnosis in these stud- 
ies, all three were required to ensure the proper di- 
agnosis. Similarly, each component of this score may 
be used alone but lacks the desired sensitivity and spec- 
ificity for morbidity associated with asphyxia. Nearly 
equal positive (79%) and negative (83%) predictive val- 
ues result from combining all of the score components 
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Fig. 1A. The frequency of patients having individual organ system morbidity as determined by 
observed clinical complications in the moderate and severe complication groups from 1983 (test) 
and 1984 (validation) populations is depicted. A significant difference between the moderate and 
severe groups is seen in both years (Fisher’s exact test). 
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Fig. 1B. Neonatal morbidity with asphyxia (patient classification by score). The frequency of patients 
having individual organ system morbidity as determined by score in the moderate (=5) and severe 
(26) groups from the 1984 validation study. A significant difference between the moderate and 
severe groups is seen. (Fisher’s exact test). 
from both study years. From the prospective data the patients by the neonatologists’ review of the clinical 
score’s strength is demonstrated by the high specificity course into the severe and moderate asphyxia catego- 
and positive predictive value for morbidity with a score ries. Several of these differences were interesting. Few 
of =6. Neonates with a score of <5 should be carefully reports in the literature have commented on the degree 
observed as a few can have singificant morbidity. of frequency (25% to 38%) of acute renal failure seen 


The data in Fig. 1A show the excellent separation of in this group of asphyxiated newborns.’* * Seizures 
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C] 1984 PATIENTS (N=50) 


| | 1984 DEATHS (N=6) 


7 ‘8 9 
SCORE VALUE (Points) 


Fig. 2. Distribution of patients by score. The distribution of patients in the 1984 validation study 
group is given by individual score value. The scores for patients who died-are indicated by the solid 


area. 


noted in the first 48 hours of life have been suggested 
as a measure of asphyxia severity.® In the 30 infants 
having seizures, all seizures occurred in the first 48 
hours regardless of asphyxia severity as determined by 
score or clinical category, although the frequency of 
seizures was significantly greater in those patients scor- 
ing in the severe range (67% vs. 12%). Most infants 
(53%) had seizures controlled acutely with single-drug 
therapy and only 33% (8 of 24) of those surviving to 
go home were discharged on a regimen of anticonvul- 
sants. Follow-up data are not available. 

Other organ systems listed in Fig. 1A such as pulmo- 
nary dysfunction manifested by ventilator-dependent 
respiratory distress, elevated liver function test results, 
and mortality demonstrate the significantly greater in- 
sult that the group with severe asphyxia received. 
There is a clear need for long-term evaluation of 
these complications. Also surprising is the absence 
of other entities associated with asphyxia in our 
populations, e.g., necrotizing enterocolitis, intracra- 
nial hemorrhage, and congestive cardiac failure (as- 
phyctic cardiomyopathy—transient tricuspid insufh- 
ciency).® % 1! '? 2° However, this study dealt only with 
near-term and term newborns, in whom feedings were 
commonly delayed. In those having cranial comput- 
erized tomography or ultrasonographic imaging, dif- 
fuse edema and hypoxic changes were the predominant 
findings, and formal echocardiographic evaluations of 
cardiac function were not performed. The heteroge- 


neity of causes of meconium staining or the lack of 
consistent and detailed reporting may explain the lack 
of difference in this parameter seen between the groups 
with severe and moderate asphyxia. 

As our initial intent was to devise a means for the 
rapid identification of asphyxiated newborns and pre- 
dict those at greatest risk for multi-organ system dys- 
function in the immediate neonatal period, we nar- 
rowly defined our study group. By selecting an outborn 
population of asphyxiated newborns, our study design 
and the availability of some data were limited. Our data 
should not be evaluated as a true incidence of asphyxia 
or all of its complications as it is likely that there is a 
group of patients with asphyxia in this institution that 
was not evaluated. We recognize that not all as- 
phyxiated newborns have Apgar scores that would gain 
them entry into our study. A control population was 
not studied. All of the components of the socring system 
are not generally available in healthy newborns. 

While there have been a number of scoring systems 
developed to predict clinical outcome in various dis- 
ease, Wasson et al.** have shown that only 42% of such 
reports contain adequate information on study design. 
This study was carefully designed to adhere to the rules 
they described and has fulfilled them. The criteria for 
the diagnosis of asphyxia, for defining the study group, 
and for assessing severity were clearly established. Se- 
verity was then analyzed independently and in a 
blinded manner by three neonatologists. None of the 
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components in the predicting scale had any relation to 
organ systems being assessed and were determined be- 
fore initiating the study to remove any bias. Finally, the 
scoring system was tested prospectively for validation 
purposes. 

Variability in this study that was due to the assign- 
ment of Apgar scores and the interpretation of fetal 


heart rate monitoring at outlying community hospitals- 


must be considered. However, the clinical utility and 
reality of individual clinicians providing this informa- 
tion from the referral population also must be recog- 


nized. Despite this variability, significant predictive 
value was seen in the data. In other words it would 


seem that the score has practical applicability. Initial 
prospective validation further supports this concept. 
Further prospective testing of this system incorporating 
controls, objective review of all fetal heart rate monitor 
strips, and substitution of umbilical arterial base deficit 
for neonatal measures is in progress in an inborn pop- 
ulation. The ability of the scoring system to define a 
mild or no asphyxia group will be investigated, and 
further validation of the present findings will be sought. 

This scoring system may predict organ dysfunction 
in the asphyxiated newborn. The study population ex- 
hibited numerous signs of multi-organ system dys- 
function with a somewhat surprising frequency of renal 
impairment, cardiovascular compromise, and short- 
term neurologic impairment. This system encompasses 
immediate antepartum and postpartum parameters so 


that a measure of acid-base status and successful re- _ 


suscitation can be included; thus it may be a better 
means to define the state of asphyxia in the newborn 
‘than Apgar scores alone or other current standards. 
The results of subsequent testing may allow for broad 
application of this system in perinatal-neonatal medi- 
cine. It should be noted, however, that severe asphyxia 
as defined by this scoring system is likely to be a rare 
event given the large population base from which these 
study groups were referred. 

Additional value of this scoring system lies in: (1) its 


immediate availability and simplicity, (2) its uniqueness _ 


in the prediction of multi-organ system dysfunction 
from asphyxia in the neonatal period, and (3) its po- 
tential for affecting early clinical management of the 
asphyxiated newborn, including transfer to tertiary 
centers. 
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Prepregnancy weight status, prenatal weight gain, and the 


outcome of term twin gestations 


Judith E. Brown, PhD, and Patricia T. Schloesser, MD 
Minneapolis, Minnesota, and Topeka, Kansas 


Relationships among prepregnancy weight status, prenatal weight gain, and the outcome of 922 twin 
gestations delivered at term were retrospectively investigated with the use of data provided by linked 
birth-death certificates in Kansas, 1980 to 1986. Infant birth weights were found to increase linearly with 
prenatal weight gain for women who entered pregnancy underweight and at normal weight, but not for 
women who were overweight or obese at the start of pregnancy. The rate of twin gestation was twice as 
high in obese women as that in underweight women. The proportion of infants born with low birth weight 
declined as prepregnancy weight status increased. The mean prenatal weight gain of underweight women 
who were delivered of term twin infants with birth weights in the range of lowest perinatal mortality (3001 
to 3500 gm) was 44.2 + 12.4 pounds. For normal-weight women, the corresponding figure was 40.9 + 
11.3 pounds. These mean gains were significantly higher than the gains of underweight and normal-weight 
women who were delivered of smaller infants at term. (Am J OssteT GYNECOL 1990;162:182-6.) 


Key words: Twin gestations, prenatal weight gain, prepregnancy weight status, nutrition 


Twin gestations occur in approximately 1% of preg- 
nancies in the United States and are well known to be 
of high risk. The 2% of total deliveries that consist of 
twins exert a disproportionate impact on overall peri- 
natal mortality rates. Twins are over five times more 
likely to die in the perinatal period and to be born 
prematurely, and are over four times as likely to be 
small for gestational age than are singleton infants.’ 
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The average length of a twin gestation is 36.1 weeks, 


_and average birth weight is 2700 gm. Twins are also 


more likely to have permanent physical and mental 
retardation than are singleton infants.** 

Mortality among twin infants is most strongly asso- 
ciated with birth weight and gestational age.' The low- 
est rates of perinatal mortality occur when twins are 
born between 38 and 40 weeks’ gestation and weigh 
between 3000 and 3500 grams.** In addition to lower 
rates of perinatal mortality, the physical and mental 
development of twin infants improves as birth weight 
increases,*° 

Factors associated with birth weight in twin infants 
have received less study than is the case for singleton 
infants. Inasmuch as factors such as prepregnancy 
weight status, weight gain during pregnancy, and smok- 
ing have been shown to have a prominent influence on 
fetal growth,”® it has been suggested that factors such 
as these may also be important determinants of fetal 
growth in twin gestations.''* ° Expanded knowledge of 
the influences of these modifiable factors on the birth 
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Table I. Characteristics of women ang theit singleton, and t twin infants delivered at term in n Kangas, 1980 


to 1986 






Women ` 
` Preprégnancy weight status (%) 
` Underweight . - 
Normal weight 
„Overweight , 
Obese 
Very obese | et : ee 
Prenatal Weight Gain, . cot 
(lbs + SD) BS OE ge E 
-Underweight 
Normal weight . 
Overweight 
Obese. 
Very obese 
Overall 
Infants 
Proportion delivered, at term (%) 
Low birth weight (%) 
- Perinatal mortality rate (deaths/ 1000 deliv- 
- - eres) 
Perinatal mortality rate by birth weigh (gm) 
(death/ 1000 paivae) 
~ <2501, `: 
2501-3000 _ 
3001-3500 ` 
3501-4000 ; 
4001-4500 


: 
+ 





a " Singletons 
n = 201,784 





135 7 118 


| 526° 3 48.8 
916 - 21.1 
TA 9.3 
4.9. f ; 9.0 
998 +91- 39.4 + 12.4 
*30:4.+ 9.6 ZA 37:2 + 11.4 
30.7:+ 11.3 37.4 + 13.3 
97.8 + 196 33.5 + 16.3. 
“94.3 + 13.3 28.1 + 14.0 
29.9 + 10:3 - 36.2 + 12.65 
74.3 ' p 36.8 
= 23 27.3 
3.3 , 15.6 
48.7* 40.6 
6l’ 6:3 
3.4 5.3 
21. 8.5 
2.3 ae 





*Rates for singleton infants arë based on term deliveries in Kansas in 1982; 2 = 30,777. ` 


weight of twins may serve as part of the solution to the 
- growth retardation so commonly, Observed. 
The purpose of the research reported here was to 


identify the relationships among prepregnancy. weight 
status, prenatal weight gain, and the occurrence of peri- 
natal death and growth retardation in twin gestations. - 


Methods 


Data used in this research were obtained from the. 


linked birth-death certificates filed with the Office: of 
Vital Statistics, Kansas Department of Health and En- 
vironment.” The reporting of prepregnancy weight 


and height and the total amount of weight gained-dur-: , - 
ing pregnancy have been a required component of. 

birth certificates in Karisas since 1978. During'the years 
investigated (1980 to 1986), reporting of prepregnancy ` ~ 


weight and height was 96.7% complete among single- 
ton term deliveries and 96% complete for women de- 
livered of twins at term. Information on total prenatal 
weight gain was reported in 96% of all birth- cértificates 
of term infants. Prepregnancy weight status was iden: 
tified with the use of the midpoint value of the medium 
frame range öf weight for height given in the 1959 
Metropolitan weight for height table for women." 
Women who were between 75% to 90% of the midpoint 


weight for height were classified as underweight. Those 
between 90% and 110% of the midpoint were classified 


‘as normal weight, and women between 110% and 130% 


were classified as overweight. Women were classified as 


. obese if their weight fell between 130% to 150% of the 


midpoint. for height and as very obese if weight ex- 
ceeded 150% of the midpoint. The selection of these 
cutoff points was arbitrary but they correspond to those 
used: in several other studies.® '* '° To control for the 
influence of duration of gestation on prenatal weight 
gain, only pregnancies that lasted 38 to 42 weeks were 
used. 

Perinatal mortality is ‘defined as the death of a fetus 
that weighs >350 gm or of a live-born infant during 
the hebdomadal period (<7 days after birth). Because 


E of a lack of other accepted standards for twin infants, 
: low birth weight was defined as infants weighing <2501 
gm at birth, and infants born at >37 weeks’ and <43 


weeks’ gestation were classified as term. Infant out- 
comes were considered optimal when the pregnancy 
went to term arid one or both twin infants weighed 


3001 to 3500 gm. 


Differences in the proportionate occurrence of out- 
comes among subgroups of women were tested for sta- 


‘tistical significance by x? analysis, and the Armitage test 
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Table II. Rates of twin gestations by 
prepregnancy weight status for term deliveries 
in Kansas, 1980 to 1986 






Twin gestations* 






Prepregnancy (rate per 1000 
weight status _ term pregnancies) 
Underweight . 4.2 
Normal weight 4.6 
Overweight i 4.8 
Obese 6.2 
Very obese ; 9.1 





Overall - 4.9 


*p < 0.001 (x? test). 


Table III. Rates of low birth weight by . 
prepregnancy weight status group for twin 
infants delivered at term in Kansas, 1980 
to 1986 









Low birth weight* 







Prepregnancy 
weight status 


Underweight 70 32.3 ° 
Normal weight 262 29.2 © 
Overweight. 95 24.5 
Obese : i 43 25.3 
Very obese ; 33 . 20.0 
Overall 503 27.3 


- *h < 0.005 (Armitage test for linear trend). ` 


was used to identify trends in the proportions. Differ- » 


ences between group means were assessed with the Stu~ 
dent ¢ test. 


Results 
The vast majority of pregnant women in Kansas are 


white (87.7%), 7.9% are black, and 2.4% represent. 


other ethnic backgrounds. Most of the women were 
married at the time of delivery (86%) and had com- 
pleted =12 years of education (60.3%). Prenatal care 
was begun in the first trimester by 79.3% of the women. 
The rate of twin gestation was 9.8/1000 maternities 
among deliveries of all gestational lengths and 4.9/ 1000 
for women who were delivered of infants at term. 
Other characteristics of the population examined are 
shown in Table I. From 1980 through 1986 there were 
201,784 singleton and 1984 twin term gestations re- 
ported in Kansas. Prepregnancy weight and height, to- 
tal weight gain during pregnancy, and infant birth 
weights were available for 1844 twin infants, Twin in- 
fants were approximately half as likely to be born at 
term, nearly 12 times more likely to be born with low 
birth weight, and experienced a perinatal mortality rate 
that was 4.7 times higher than that for singleton term 
infants. Perinatal mortality rate was lowest for twin in- 
fants with birth weights of 3001 to 3500 gm, whereas 
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the corresponding range for singleton infants was 3501 
to 4000 gm. One third of women delivered.of single 


“infants at term were above normal weight, whereas two 


fifths of women delivered of twins were so classified. 
Mean weight gains during pregnancy by prepregnancy 
weight status groups were 4 to 10 pounds higher for 
twin gestations than- that for singleton gestations. ` 
Women pregnant with twins gained an average of 6:3 
more pounds than did women with singleton preg- 
nancies.. 

Prepregnancy weight status and Dii outcomes. 
The råte of twin gestations and low birth weight among 


` term deliveries were compared among women in the 


five prepregnancy weight status groups. As shown in 
Table II, the rate of twin gestations varied significantly 
by prepregnancy weight status. (p < 0.001). Women 
classified as very obese were over twice as likely to be 
delivered -of twins at term than. were underweight 
women. The percent of twin infants born with low birth 
weight by prepregnancy weight status group is shown 


` in Table III. Rates of low birth weight declined from 


32.3% in underweight women, to 20.0% among obese 
women and the trend was significant (p < 0.005). 
Prenatal weight gain and infant outcomes. Results 


- of the comparison of prenatal weight gain by prepreg- 


nancy weight status and infant birth weight for twin 
infants delivered at term are shown in Table IV. Birth 
weights of twin infants increased in a linear fashion 
with increasing weight gain for women who entered 
pregnancy underweight and at normal weight; how- 
ever, the same relationship was not observed for óver- 


` weight, obese, or very obese women. The mean pre- 
- natal weight gain of underweight women delivered of 


term twin infants with birth weights within the range 
of lowest perinatal mortality (3001 to 3500 gm) was 
44.2 + 12.4 pounds. Normal-weight women delivered 
of infants within this same birth weight range gained 
an average of 40.9 + 11.3 pounds. The mean weight 
gain of underweight women delivered of infants who 
weighed. 3001 to 3500 gm was significantly higher 


- (p < 0.027) than the mean weight gain of underweight 


women delivered of infants weighing <2500 gm or . 
2501 to 3000 gm. Similarly, the mean weight gain of 
women who entered pregnancy at normal weight and 
were delivered of infants weighing 3001 to 3500 gm 
was significantly higher (p< 0.01) than the mean 
weight gains for the two lower birth weight ranges. A 
significant difference (p = 0.024) was also noted be- 
tween the mean weight gains of women who entered 


_ pregnancy obese and were delivered of 3001 to 3500 


gm and <2500 gm infants. 


Comment 


The Department of Health and Environment of the 
State of Kansas established the linked birth-death re- 
porting system in 1958 and each major revision in the 
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Table IV. Mean pregnancy weight gain- by p prepregnancy y igh status, sand birth weight of twins delivered 





at term in Kansas, 1980 to 1986 . 








l , |. 2501-3000. | 01-3 000. 
4 eee 


Birth eh pintal ae s 
| 20013500 = | -3500 - 







Overall 


| -3501-4000 | . <4001 





weight status 
Underweight 70 35.1, +13.4} 95 39.3- +12 47 44.9 + 12.4. 5 56.4 + 22.5 - 0 * 217 39.4 + 12.4 
Normal weight 262 31.2 + 11.0+ 385 37.9 + 11. 3t 208 40.9 + I1.3 42 43.9 +13.7 5 50.4 + 16.7 902 37.2 + 11.4 
Overweight . 95 36.1 + 16.9 138 37.7 + 12.5` 125 37.8 + 12.1, 29 37.9 + 10.4 1 = 388 37.4 + 13.3 
Obese ` -, 43 29.5 + 14.17 68 34.0 + 16.8. . 46 37.2 + 16.813 31174194 1 ae 171 33.5 + 16.3 
Very obese. ` 33 25.9 + 11 +104 1 * > 166 28.1 + 14.0 


19° 65 28.3 + 16.9; 


. *Mean not calculated for n <5. 


AE 12.9 15/78 


+Mean prenatal weight gain ‘significantly different from ihe. mean gain of women nhc the same prepregancy weight status 
group who were delivered of infants is MEI 3001to 3500 gm; p< < 0.05." i 


required components of birth and death ahate are . 
accompanied by instructions on standards and methods - 
to be used i in reporting..Quality control procedures that `` 


monitor. the completeness of vital records are in’ place 


in Kansas. Perhaps the strongest advantage of the Kan- 7 
sas data is that the data base is sufficiently large and ` 


complete to investigate relatively rare conditions such 
as twin gestations on a population basis. 


__ Asis the case with retrospective studies that usé vital 
records data, there are limitations. Many variables of . 
interést such. as smoking,’ drug use, medical complica- Ta 


tions during pregnancy, and the zygosity of twins can: 
not be accounted for adequately because of incomplete 


reporting or the lack of a requirement for the infor- `>.. 
_ mation. Although staridardization of reporting is en- `- 
couraged, there are no on- -the-spot quality control pro- . 
: between prepregnancy weight status and birth weight- 


cedures to monitor the. quality of measurements or. the. 


accuracy of reporting data. Some components of the. | 
forms, such as.prepregnancy weight and the date of — 
last menstrual periods comimonly used to-identify ges- `© 


tational age, are taken from information provided by 


patients. The lack of ethnic diversity in the Kansas pop- :. 


ulation makes the examination of relationships among. 
ethnicity, other variables, and twin outcomes not fea- 
sible. 


_ for obese women.'*"* However, rarely has an optimal 


infant outcome ‘been used as a standard to identify — 
corresponding prenatal weight gains. The birthweight.. - 


range of 3001 to 3500 gm was selected as representa- 
tive of an optimal outcome because it coincides with 


the lowest rate of perinatal mortality among twin.in- ` 


fants’ Results of analyses performed indicate that for 


Very little iefounaaon is available on the relation- 7 
_ ships among prepregnancy weight. status,. prenatal : 
weight gain, and the outcome of twin ‘gestations: Such as 
relationships have been intensively studied in singleton. _ 
pregnancies: and show a linear relationship between © 
"prenatal weight, weight gain, and birth: weight for all,” . 
“except some studies do not show such a relationship . 


=a 


underweight and normal weight women, total prenatal 


~, weight gains at term of approximately 44 and 41 


pounds, respectively, correspond to the birth of at least 
one infant of a twin pair within this range of birth 
weights. Becatise of the relatively wide SD around mean 


’ weight gains that correspond to a-given birth weight 


range, and because other factors such as smoking and 
medical complications during pregnancy also influence 
birth: weight; it is expected that the weight gains of 
women delivered of twin infants of similar weight will 
vary. somewhat. Prepregnancy weight status, prenatal 
weight gain, and birth weight relationships may differ 
from those observed in this study if infants of all ges- 


‘tational ages were included rather than only infants of 


women who already achieved the desirable, outcome of 
a term twin.pregnancy. In addition, the relationship - 


among overweight, obese, and very obese women ap- 


‘ pears to be weak and ‘adequate investigation may re- 
. quirea larger sample of twin gestations than that avail- 


able for this study. 
_ A study addressing the issue of prenatal weight gain 


_ in twin gestations and optimal infant outcomes was re- 


cently reported. Pederson et al.” retrospectively eval- 


- uated 217 twin gestations in Seattle between 1982 and 
. 86 and -related total weight gain during pregnancy to 


optimal outcomes. Optimal outcomes were defined as 
pregnancies that lasted =37 weeks that resulted in the 
delivery of. two living infants weighing >2500 gm with 
5-minuté Apgar scores of = 7. Total weight gain during 
pregnancy was strongly associated with infant outcome. 


` Overall, women with twin gestations gained a mean of 
- 40.6 pounds during pregnancy, 4 pounds more than 
. identified in the Kansas population. Women with op- 


timal outcomes gained an average of 44 pounds. This 


. mean weight gain is similar. to the amount identified 


for optirnal. birth weight of twin infants i in this study. 


_ Mean rates of weight gain in the Pederson et al. study 


were, similar among women in the optimal outcome and 
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less than optimal outcome groups until approximately 
30 weeks’ gestation. After this time, women who had 
optimal outcomes continued to gain weight at the pré- 
vious rate, whereas the rate of weight gain among 
women with less than optimal outcomes declined. This 
is a particularly interesting result inasmuch as fetal 
growth, amöng twin infants tends to follow that of sin- 
gletons until around 30 weeks’ gestation and then the 
rate, drops. 18.19 The authors speculated that the lower 
rate of weiglit gain in the latter part of pregnancy may 
contribute to limiting fetal growth. 

Results obtained from the Kansas data confirm the 
relationships reported by others that overweight and 
` obese women are more likely to be delivered of twins 
than are normal weight and underweight women.””} 
In addition, the rate of low birth weight among twin 


infants -was found to decrease in a linear fashion as, 


prepregnancy weight status increased. 

Additional large, and optimally prospectively de- 
signed studies, are needed to further clarify the roles 
of prepregnancy weight status, prenatal weight gain, 
and infant outcomes in twin gestations. Future studies 
should also elucidate the roles of prepregnancy weight 
status and prenatal weight gain on duration of twin 
gestations and identify differences in these relation- 
ships that may be related to zygosity. Such information 
should prove to be productive in efforts aimed at re- 
ducing the risks associated with twin gestations. 


We gratefully acknowledge the contributions of Sara 
Bonam and Karen Sommers in making this study pos- 
sible. 
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Oligohydramnios sequence and renal tubular malformation 
associated with maternal enalapril use 


Christopher Cunniff, MD, Kenneth Lyons Jones, MD, Julia Phillipson, MD, 
Kurt Benirschke, MD, Sandra Short, MD, and Joseph Wujek, MD 


San Diego, California 


We present the case of a child who died of pulmonary hypoplasia as a result of the oligohydramnios 
sequence. The mother was taking enalapril, as well as propranolol and hydrochiorothiazide, for treatment 
of hypertension associated with systemic lupus erythematosus. Autopsy examination revealed severe renal 
tubular malformation. Correlation of animal data with previous case reports of neonatal anuria in 
association with maternal angiotensin converting enzyme inhibitors suggests that these agents may have a 
deleterious effect on fetal renal development and general well-being. (AM J OssteT GYNECOL 1990;162: 


187-9.) 


Key words: Enalapril, captopril, angiotensin converting enzyme inhibitors, renal dysgenesis 


Literature on the use of angiotensin converting en- 
zyme inhibitors in pregnancy is scarce, and there is 
controversy over whether these agents are responsible 
for some of the adverse neonatal outcomes reported. 
The purpose of this report is to present the case of an 
infant. with renal tubular maldevelopment who was ex- 

_ posed to enalapril throughout gestation and who died 
-of pulmonary hypoplasia that was secondary to oligo- 
< hydramnios. This suggests that enalapril may have a 
deleterious effect on renal development. 


Clinical report 


This boy was born at 34 weeks’ gestational age to a 
22-year-old primigravida woman with systemic lupus 
erythematosus and severe chronic hypertension. Dur- 
ing this pregnancy, blood pressure was well controlled 
on a regimen of enalapril 20 mg/day, propranolol 40 
mg/day, and hydrochlorothiazide 50 mg/day. Creati- 
nine clearance was measured at 91 ml/min/1.73 m’. 
She had no evidence of active lupus during the preg- 
nancy. Complement levels were stable. Anticardiolipin 
and anti-Rho antibodies were negative, as was circu- 
lating lupus anticoagulant. 

An ultrasonogram at 16 weeks’ gestation showed a 
normal amniotic fluid volume, but severe oligohydram- 
nios was noted beginning at 27 weeks. Fetal ultraso- 
nography demonstrated a normal right kidney. The left 
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kidney was poorly visualized. The pregnancy continued 
to be followed up with serial ultrasonography, which 
demonstrated normal fetal growth, Serial nonstress: _ 
tests also were performed and were normal until the 


day of delivery. At that time there was a nonreactive — 
nonstress test and a positive contraction stress test. An’ o 


amniocentesis performed to determine lung maturity 
showed thick meconium, so the infant was delivered by 
emergency cesarean section, The Apgar scores were 4 
at | minute and 7 at 5 minutes. 

The infant was intubated in the delivery room, and 
no meconium was found below the vocal cords. Initial 
blood pressure was profoundly low, necessitating fuid 
boluses and maximal inotropic support. He also re- 
quired aggressive ventilatory management to maintain 
adequate oxygenation and ventilation, and: he devel- 
oped a pneumothorax at age 6 hours. 

Physical examination at that time revealed striking 
features of the oligohydramnios sequence. The pos- 
terior fontanelle was enlarged with decreased skull os- 
sification. There was a glabellar crease, a deviation of 
the nasal septum to the left, and a horizontal chin 
crease. The chest was bell-shaped, with a prominent 
left hemithorax. Both kidneys were palpably enlarged. 
There was abundant loose skin, primarily over the ex- 
tensor surfaces of the extremities. There were marked 
positional deformities of both hands and edema of the 
hands and fingers. There were contractures of the 
knees and elbows, and the feet were held in calcaneo- 
valgocavus position. 

A renal ultrasonogram showed morphologically nor- 
mal kidneys. There was no spontaneous urine output, 
and on catheterization there was no urine in the blad- 
der. The infant’s condition continued to deteriorate 
despite a trial of high-frequency oscillatory ventilation. 
A clinical diagnosis of pulmonary hypoplasia was made, 
and the family elected to terminate care at age 25 hours. 

At autopsy, the lungs were found to be hypoplastic 
(actual weight 29 gm with an expected weight of 49 
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Fig. 1. Low-power view demonstrating irregular corticomedullary junction, tubular distension, and 
distension of glomerular spaces. (Trichrome stain. Original magnification x25.) 
5 I 5 § 


gm), and there was evidence of hyaline membrane dis- 


ease. The kidneys were approximately one and a half 


times their expected weight but appeared grossly nor- 
mal. The renal vessels were unremarkable. The bladder 
was contracted, and there were normal ureters. Micro- 
scopically, the kidneys were markedly abnormal, with 
poorly demarcated corticomedullary junctions (Fig. 1). 
Glomerular maldevelopment characterized by a de- 
creased number of lobulations in many of the glomeruli 
was present. Occasional glomeruli appeared congested. 
There was a great paucity of tubules in the upper por- 
uon of the medulla with increased mesenchymal tissue. 
Tubular distension was seen in the cortex and medulla 
(Fig. 2). There were no microscopic cysts. 

Neuropathologic examination revealed hemorrhagic 
lesions in the right and left infarction or hemorrhage 
caused by venous thrombosis in the overlying dura. The 
placenta was large, but neither gross nor histologic ex- 
amination revealed evidence of inflammation or throm- 
bosis. 


Comment 

Enalapril is one of a relatively new class of angio- 
tensin converting enzyme inhibitors that first gained 
attention in 1980.' Although its chemical structure is 
different from the most widely used angiotensin con- 
verting enzyme inhibitor, captopril, its mechanism of 
action is almost identical. 

Although limited data are available on the use of 
angiotensin converting enzyme inhibitors in humans, 
oligohydramnios, fetal distress, neonatal hypotension, 
and neonatal anuria have been reported in association 


with maternal captopril or enalapril use in previous 
publications.** Laboratory evidence of suppressed an- 
giotensin converting enzyme activity was noted in 
two of the cases. A renal biopsy or autopsy examination 
of the kidneys was performed in all four infants 
reported previously. Normal kidneys were found in two 
cases," © while hemorrhagic foci in the renal cortex 
and medulla’ and hyperplasia of the juxtaglomerular 
apparatus’ were found in the other two. There is also 
one case report of oligohydramnios, neonatal hypoten- 
sion without anuria, and low angiotensin converting 
enzyme activity in a child exposed prenatally to cap- 
topril.” In addition, one electively aborted fetus with 
anencephaly and a terminal transverse limb reduction 
defect’ and a live-born child with abnormal facial 
features, fifth finger clinodactyly, an omphalocele, 
cryptorchidism, and a ventriculoseptal defect" had 
mothers who took captopril. 

An increased rate of fetal wastage associated with the 
use of enalapril and captopril has been observed in 
several animal species.*'* The cause of this fetal wastage 
has not been documented. In humans, the largest pub- 
lished series of prenatal exposure to angiotensin con- 
verting enzyme inhibitors is a retrospective study in 
which 22 patients given captopril and nine given en- 
alapril were identified by a survey of physicians who 
treated hypertensive pregnant patients.” No gross mal- 
formations were described; however, stillbirth or mis- 
carriage was noted in 2 of 22 women taking captopril 
and 3 of 9 women taking enalapril. 
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Fig. 2. High-magnification view. Note the tubular distension, 
paucity of lobulations, and increased mesenchymal tissue. 
(Trichome stain. Original magnification Xx 100.) 


Several publications'*'® describe infants with a prob- 
able X-linked recessive or autosomal recessive renal de- 
fect, which has a histopathologic description similar to 
that in the present case. This disorder is characterized 


by normal or enlarged kidneys, increased numbers of 


glomeruli, undifferentiated tubules, and increased in- 
terstitial tissue. In one publication, ® efferent arterioles 
could not be identified histologically, and the authors 
postulated that the pathologic findings observed re- 
sulted from failure to produce a filtrate and from lack 
of blood flow from the efferent arteriole into the in- 
terstitium. It is possible that the developmental patho- 
genesis of this genetic disorder, as well as that of the 
patient reported herein, is similar, since one of the 
known effects of angiotensin converting enzyme inhib- 
itors on the renal microvasculature is at the level of the 
efferent arterioles. 

Whether the renal defects in the case reported here 
are due to reduced renal blood flow as a secondary 
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effect of enalapril, to a direct teratogenic effect, or to 
the combination of enalapril and other medications is 
unclear. Maternal systemic lupus erythematosus has not 
been shown to cause problems similar to those herein 
reported. Neither B-adrenergic receptor blockers. nor 
thiazide diuretics have been associated with renal dam- 
age or fetal loss.” Rather, the findings in the present 
report suggest that enalapril and, possibly, other an- 
giotensin converting enzyme inhibitors may interfere 
with normal renal development in the fetus anc that 
clinicians should approach these drugs with caution 
when prescribing them during pregnancy. 
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Different characteristics of amniotic and cervical collagenous 
tissue during pregnancy and delivery: A morphologic study 


Yoshinobu Yoshida, MD, and Yukio Manabe, MD 
Shiga and Kyoto, Japan 


The occurrence of dissociation in cervical collagenous tissue during pregnancy and delivery is widely 
recognized. We performed a morphologic study of the collagenous tissue of the amnion at various stages 
of pregnancy and during delivery. After 15 weeks of pregnancy, including the period after delivery, the 
collagenous fibers of the amnion were closely distributed with no ground substances, forming a thick 
collagenous layer. Cervical collagenous tissue at the corresponding stages showed a marked dissociation 
among abundant ground substances. The dissociation-resistant properties of the collagenous tissue of the 
amnion seem to protect the amniotic sac from premature rupture, up until the time when it is torn by 
hyperdistention during delivery. (Am J OssteT GyNEcoL 1990;162:190-3.) 


Key words: Collagenous tissue, amnion and cervix 


The ability of the membranes to resist intraamniotic 
fluid pressure throughout pregnancy is due to the 
collagen-rich connective tissue layers.™ Even at the end 
of pregnancy, the membrane (0.5 to 0.6 mm thickness’) 
has great tensile strength, thus usually resisting pre- 
mature rupture’ and enabling its wedgelike role in 
cervical dilation when it applies strong pressure on the 
cervix during the beginning of labor.* The three com- 
ponents.of the membrane, i.e., the amnion, chorion, 
and decidua, share the load-bearing role although the 
amnion is much stronger and thinner than the latter 
two.” Tensile strength? and collagen content** of the 
whole amniotic membrane do not decrease even at the 
end of pregnancy. However, contradictory results have 
been obtained by other researchers in human amniotic 
membranes,” * as well as rat membranes.’ 

On the other hand, a marked dissociation in the 
collagenous tissue of the cervix was demonstrated 
histologically" and biochemically” during pregnancy 
~ and delivery. Thus the collagenous tissues of the am- 

hiotic membrane and the cervix, despite their anatomic 
proximity, seem to differ genetically, and their constit- 

uent properties could be modulated by different mech- 
anisms during pregnancy. Therefore we performed a 
morphologic study of the collagenous tissue in the am- 
nion at various gestational stages, including pregnancy 
and delivery, and compared these changes with those 
of the cervix. 
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Material and methods 


Samples of the amnion were collected from 36 nor- 
mal women at different stages of pregnancy and af- 
terward: during the midtrimester, between 13 and 15 
weeks (n = 6); between 16 and 19 weeks (n = 6); at an 
interval between 20 and 22 weeks (n = 6); at the end 
of pregnancy (between 37 and 41 weeks after elective 
cesarean section) (n = 6); and after spontaneous deliv- 
ery (n = 6). During the midtrimester, artificial abortion 
was performed by uterine distention.’ None of the 
patients was thought to be infected during abortion or 
delivery, judging by a significant elevation of body tem- 
perature and plasma levels of C-reactive protein. No 
consideration was given to the age or parity of the pa- 
uents.' The purpose and nature of the study were ex- 
plained to and written consent was obtained from each 
patient. 

Midtrimester samples also were collected by cesarean 
section (n = 6). Immediately after placental delivery, 
discoid portions of fresh amniotic membrane were ex- 
cised from the placental and reflected regions. They 
were processed as described previously" for light and 
electron microscopic examination. 

Cervical and amnion samples were obtained from the 
same patients. Small wedge-shaped samples were taken 
from two points: (1) approximately 1 cm from the 
squamocolumnar junction and (2) glandular region. 

Biopsy specimens for morphologic study were im- 
mediately fixed with 2% paraformaldehyde in 0.1 
mol/L sodium cacodylate buffer (pH 7.4) with 0.25 
mol/L sucrose at 0° to 4° C for 12 hours. After fixation 
the specimen was embedded in paraffin, sectioned, and 
stained with hematoxylin-eosin, Gomori trichrome, and 


- Sudan HI methods. 


-The other small specimens were fixed with 2% glu- 
taraldehyde in 0.1 mol/L cacodylate buffer (pH 7.4) 
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with 0.25 mol/L sucrose at 0° to 4° C for 3 hours and 
washed with cacodylate buffer. All the specimens were 
again fixed with 1% osmium tetroxide, dehydrated, and 
embedded in Epon 812. Ultrathin sections, stained with 
uranyl acetate and Reynolds lead solution, were ob- 
served under a Hitachi H-500 electron microscope. 

Thicknesses of the amnion were studied by means of 
light microscopy from histologic specimens with vertical 
section. 


Results 


Under light microscopic observation, the amnion un- 
der the epithelium had a more homogeneous and com- 
pact collagen layer than that of the cervix, regardless 
of the stage at which the sample was obtained. The 
whole thickness of the amnion ranged from 0.08 to 
0.12 mm and did not vary significantly among the spec- 
imens. Marked leukocyte infiltration was not noted in 
any of the specimens. 

Fig. 1, A, is an electron micrograph of the connective 
tissue in the amnion that was obtained after sponta- 
neous delivery at term (39 weeks). The basement mem- 
brane was closely adjacent to the basal processes of the 
epithelial cells and was composed of a thin layer of fine 
fibrils of about 0.6 ym thickness. The compact collag- 
enous layer was immediately adjacent to the basement 
membrane, It was a dense layer, also composed of a 
vast number of collagen fibrils embedded in a matrix 
of low density. Fine granular or amorphous ground 
substances were not seen. The fibroblasts were sporad- 
ically noted in the fibroblast layer under the compact 
layer. Lipid deposition in fibroblast, although scarce at 
early midtrimester, increased with the progress of preg- 
nancy. Infiltration of leukocytes was not seen in any of 
the specimens. 

At a higher magnification (Fig. l, B), the amnion 
exhibited regularly oriented and closely interwoven col- 
lagen fibrils, about 50 nm in diameter. Fibrils showed 
a periodicity of approximately 60 nm, which is typical 
for collagen. The densely packed collagen fibrils, noted 
in the compact layer, were without any signs of splitting, 
narrowing, or dispersion. Lack of the amorphous 
ground substances was characteristic. The compact ar- 
rangement of collagen fibrils did not vary with either 
the stage of pregnancy or the delivery method. 

Light microscopic observations of the cervix revealed 
marked edema in all specimens, as evidenced by the 
many clear spaces observed between individual collagen 
fibers. The collagen fibers appeared to be more dis- 
persed than those of the amnion. Increased vascularity 
and the presence of dilated blood vessels were noted 
regardless of the sites of the biopsy specimens. No 
leukocyte infiltration was observed when the speci- 
men was taken 1 cm from the squamocolumnar junc- 
tion. Leukocyte infiltration was noted in specimens 
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Fig. 1. A, Electron micrograph of collagenous tissue of amnion 
after spontaneous term delivery. Collagen fibrils are regular 
and compact. Basement membrane is seen beneath basal pro- 
cesses of epithelial cell (top of photograph). Amorphous 
ground substances are not noted. (x 11,400.) B, Higher res- 
olution of specimen shown in A. Collagen fibrils are compact 
and regularly oriented. Fibrils show characteristic periodicity 
of approximately 60 nm. Amorphous ground substances are 
not seen. {X 28,600.) 


that were taken from the glandular region, i.e., inside 
the squamocolumnar junction. Fat droplets were com- 
monly seen in fibroblasts, as was also noted in those of 
the amnion; they increased with the progress of preg- 
nancy. 

The electron microscopic findings of the cervix 
markedly differed from those of the amnion. During 
pregnancy and at term (Fig. 2, A) the collagen fibers, 
i.e., the bundles of fibrils, were sparse and less regularly 
oriented than those in the amnion. Abundant deposits 
of filamentous, granular, or amorphous materials were 
commonly present between the fibers. Fat droplets were 
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Fig. 2. A, Electron micrograph of cervix from same patient 
in whom amnion shown in Fig. 1 was taken. Collagenous fibers 
are dissociated with abundant amorphous materials, which 
appear as dark areas in photograph. Lipid droplets in fibro- 
blasts are seen. No leukocyte infiltration is noted. (x 11,400.) 
B, Higher magnification of specimen shown in A. Dispersed 
collagen fibers are seen, Abundant amorphous materials ap- 
pear as dark areas in photograph. Fibrils have characteristic 
bands of approximately 60 nm periodicity. (x 28,600.) 


noted in the cytoplasm of fibroblasts at term but were 
rarely noted during the early midtrimester. 

At a higher magnification (Fig. 2, B), the dispersed 
collagen fibers were more clearly visible. The spaces 
between the fibers increased, although fibrils had pe- 
riodic bands of approximately 60 nm as in the case of 
the amnion. Amorphous materials around the collagen 
fibers and fibrils were very much more abundant than 
those in the amnion, These observations of dispersed 
collagen arrangement with abundant ground sub- 
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stances were noted in all specimens and were more 
pronounced at term and after delivery. 

During abortion at midtrimester (13 to 22 weeks), 
the number of fetal deliveries within unruptured sacs 
was 10 out of a total 18 patients. In the majority of the 
patients at term pregnancy, rupture of the membranes 
usually occurred when the cervix was more widely di- 
lated than at abortion in the midtrimester. 


Comment 

These results clearly demonstrate that the collage- 
nous connective tissue in the amnion, differing from 
that in the cervix'*” and vagina," does not undergo a 
marked tissue dissociation during pregnancy and de- 
livery. This disparity correlates with the differing phys- 
iologic demands during pregnancy and delivery, i.e., 
protection against premature rupture of the mem- 
branes in the amnion and easy passage, with a mini- 
mum of resistance, of the fetus through the cervix and 
vagina. 

At term delivery the membranes usually resist rup- 
ture until they are exposed to the strong tension caused 
by the simultaneous action of cervical dilation, which 
is greater than that noted during midtrimester abor- 
tion, and uterine contractions. In other words, the con- 
nective tissue of the membranes is not dissociated at 
term but seems instead to be forced to rupture me- 
chanically.* * 

Our morphologic findings are in agreement with bio- 
chemical studies showing that, in whole membranes 
and/or in the amnion, collagen amount’ * and collagen 
types (I and HI) were not affected during the late 
stages of normal pregnancy. The connective tissue of 
the human amnion, unlike that in the cervix and vagina, 
seems to be differentially controlled by steroid hor- 
mones, prostaglandins, and other unknown factors, 
during pregnancy and delivery. Additional biochemi- 
cal studies on collagenase and ground substances are 
in progress to clarify further the characteristics of 
the amnion. 

Findings of marked infiltration of neutrophils in in- 
trapartum cervices have been reported,''* and neu- 
trophils are a well-studied source of collagenase. This 
study revealed that leukocyte infiltration was limited to 
the glandular region but also that collagen dissociation 
occurs in all parts of the cervix. As vaginal collagen 
dissociation during pregnancy occurs without perivas- 
cular or stromal infiltration of neutrophils,” it is dif- 
ficult to discuss the collagen dissociation in these tissues 
on the basis of only local leukocyte infiltration. In ad- 
dition, we did not encounter cases of a severely infected 
cervix or membranes; thus it remains to be clarified 
whether infection influences collagenous tissues of the 
cervix and membranes. 
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Immunoreactive corticotropin-releasing hormone 


in amniotic fluid 


Atsushi Sasaki, MD,’ Osamu Shinkawa, MD,” and Kaoru Yoshinaga, MD* 


Wakayanagi and Sendai, Japan 


Immunoreactive corticotropin-releasing hormone in the amniotic fluid of both human beings and rats was 
measured by a specific radioimmunoassay. In human subjects the hormane was detectable in all amniotic 
fluid samples (obtained during the sixteenth and eighteenth weeks of gestation) (2.5 + 1.7 fmol/ml, 

mean + SD, n = 17) and the thirty-eighth to fortieth weeks (9.3 + 5.4 fmol/ml, n = 24). The levels of 
concentration of this hormone in this amniotic fluid correlated significantly with the levels in both maternal 
plasma and placenta for each patient. Gel filtration of amniotic fluid extracts revealed two major peaks of 
immunoreactive corticotropin-releasing hormone, one at the elution position of the rat hormone and the 
other at a small-molecular-weight region. Immunoreactive corticotropin-releasing hormone was not 
detectable in rat amniotic fluid or placenta. We concluded that immunoreactive corticotropin-releasing 
hormone, which may be derived from the placenta, is present in human amniotic fluid and that its detection 
in the human placenta but not in rat placentas suggests that the mechanism of corticotropin-releasing 
hormone gene expression in the placenta is species specific. (Am J OssteT GYNECOL 1990;162:194-8.) 


Key words: Corticotropin-releasing hormone, placenta, amniotic fluid 


The primary structures of both ovine’ and rat? 
corticotropin-releasing hormone have been deter- 
mined. The amino acid sequence of a human 
prepro-corticotropin-releasing hormone molecule has 
been predicted from the nucleotide sequence of a 
cloned human genomic fragment, the deduced se- 
quence of the hormone in mature human beings, a 
41 amino acid amide, is identical to that of rat 
corticotropin-releasing hormone.* 

It has been reported that there are several pro- 
teohormones in human amniotic fluid. For instance, 
pituitary hormones, such as adrenocorticotropic hor- 
mone, thyroid-stimulating hormone, luteinizing hor- 
mone, follicle-stimulating hormone, growth hor- 
mone, and prolactin, and hypothalamic hormones, 
such as luteinizing hormone—releasing hormone and 
thyrotropin-releasing hormone, have also been de- 
tected.* Recently we reported the presence of immu- 
noreactive corticotropin-releasing hormone in human 
placental tissue and suggested that it is preferentially 
secreted into the maternal circulation, where it provides 
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extrahypothalamic stimulation to the maternal anterior 
pituitary gland.*? In this study we extended these ob- 
servations to define the presence of immunoreactive 
corticotropin-releasing hormone in human amniotic 
fluid. In addition, we also tried to find it in rat amniotic 
fluid and in rat placentas. 


Material and methods | 


Subjects. All subjects participating in this study gave 
their informed consent. All studies were performed at 
the Tohoku University Hospital. The protocol was ap- 
proved by the Department Clinical Research Commit- 
tee. Fifty-four pregnant women, 18 to 32 years old, 
were studied. Amniotic fluid was obtained from 17 
women by suprapubic amniocentesis, 16 to 18 weeks 
after cessation of menstruation. Maternal blood was 
obtained from another 13 women in the sixteenth to 
eighteenth weeks of gestation. Amniotic fluid was also 
obtained from 24 women during rupture of the mem- 
branes in the process of vaginal delivery (at 38 to 40 
weeks of gestation). In the latter group samples of ma- 
ternal blood and umbilical cord blood were simulta- 
neously obtained at the time of delivery; term placentas 
were also collected simultaneously with maternal blood 
samples. Any specimen of amniotic fluid contaminated 
with blood and/or meconium was excluded from the 
study. 

Animal studies. Time-mated Sprague-Dawley rats 
(sperm positive = day 0) were purchased from Charles 
River Japan (Funabashi, Japan). Rats were housed, 
three to a cage, in an air-conditioned room with a con- 
trolled light cycle (lights on at 8 am; lights off at 7 pm). 
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Rat chow and water were available as desired. All an- 
imals in this study were killed between noon and 1 pm 
by decapitation within 30 seconds after removal from 
their cages. Pregnant rats were killed on day 13 (n = 7), 
day 16 (n = 7), or day 20 (n = 7) of gestation. Rat 
amniotic fluid was obtained from the latter two groups 
(16 and 20 days of gestation) through a puncture in 
the amniotic sac. Amniotic fluid was not collected from 


„rats of 13 days’ gestation because of the difficulty of . 


sampling. Placentas were also collected from all groups, 
frozen on dry ice immediately after removal, and kept 
at — 80° C until homogenization. Eight to thirteen pla- 
centas were obtained from each rat, and the mean 
: weights of the placentas were 0.24 gm (13 days of ges- 
tation), 0.52 gm (16 days), and 1.1 gm (20 days). 
Extraction. The amniotic fluid samples (human and 
rat) were immediately acidified with IN hydrochloric 
acid (final hydrochloric acid concentration, 0.1N), 
frozen, and lyophilized for later measurements of im- 
munoreactive corticotropin-releasing hormone, which 
was extracted from the amniotic fluid by anti- 
corticotropin-releasing hormone immune affinity chro- 


matography, as described previously.® The rate of re-’ 


covery of synthetic rat corticotropin-releasing hormone 
from this column was 78.2% + 3.5% (mean + SD, 
n = 6). The amniotic values were corrected according 
to this recovery. To demonstrate further that the 
corticotropin-releasing hormone in the amniotic fluid 
was not destroyed in the process of amniotic sampling 
and extraction, we added synthetic rat corticotropin- 
releasing hormone to human or rat amniotic fluid just 
after sampling and extracted the.amniotic fluid in the 
same manner. The gel filtration profiles of the extracts 
in both human amniotic fluid and rat amniotic fluid 
revealed only one peak in the position of the synthetic 
rat hormone, and recoveries were about 75%. There- 
fore corticotropin-releasing hormone in amniotic fluid 
is not destroyed by these processes of collection and 
extraction. 

Blood was collected in ice-chilled glass tubes con- 
taining ethylenediamine tetraacetic acid (disodium, 
lmg/ml) and immediately centrifuged at 4° C. Plasma 
was stored at —20° C until extraction. Plasma was 
extracted with Sep-Pak C-18 cartridges (Waters Asso- 
ciates, Milford, Mass.) for measurement. of immuno- 
reactive corticotropin-releasing hormone, as previously 
described.* The rate of recovery of the synthetic form 
of the hormone in rats, added to hormone-free plasma, 
was 72.4% + 5% (mean + SD, n = 4). The values 
were corrected according to this recovery rate. 

Human and rat placentas were trimmed of cord and 
membranes, and extensively rinsed with 0.15 mol/L of 
sodium chloride at 10° C. Each placenta was homoge- 
nized in 5 volumes of ice-cold 50% acidified methanol 


(0.1N HC1-CH,OH). The homogenates were centri- 
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Fig. 1. Correlation between levels of concentration of im- 
munoreactive corticotropin-releasing hormone in amniotic 
fluid and in maternal plasma (upper) and amniotic fluid and 
placenta (lower). The samples of amniotic fluid, maternal 
plasma, and placenta were obtained simultaneously at delivery. 


fuged (20,000 g for 40 minutes), and the supernatant 
fractions were lyophilized. The lyophilized homoge- 
nates were dissolved in radioimmunoassay buffer for 
measurements of corticotropin-releasing hormone im- 
munoreactivity. The rate of recovery of synthetic rat 
corticotropin-releasing hormone, added to tissue ex- 
tracts, was >90% (n = 5). The results of assays of pla- 
cental corticotropin-releasing hormone are expressed 
as picomoles per wet tissue weight. 

Radioimmunoassay. Details of the radiounmunoas- 
say for rat corticotropin-releasing hormone were de- 
scribed . previously.® ® ê Synthetic rat corticotropin- 
releasing hormone was used for the standard and for 
iodination. An antiserum against rat corticotropin- - 
releasing hormone (A-4675) was raised, as mentioned 
previously,® and used in a final dilution of 1:300,000. 
The sensitivity of the assay has also been described 
previously. The intraassay and interassay coefficients 
of variation were 5.4% and 7.8%, respectively. 
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Fig. 2. Sephadex G-50 chromatography of pooled extracts 
of amniotic fluid. Pooled amniotic fluid obtained at 16 to 
18 weeks of gestation (upper) and 38 to 40 weeks (lower). 
Arrows indicate the elution positions of the void volume 
(Vo), B-lipotropin (LPH), synthetic rat corticotropin-releasing 
hormone (CRH), and a-melanophore-stimulating hormone 
(MSH). Column size, 1 X 60 cm; flow rate, 5 ml/hr; fraction 
volume, 0.7 ml. 


Statistics. The Student ¢ test was used to compare 
values obtained from two groups. The results are given 
as the mean + SD. 


Results 


Human study. Dilution curves of amniotic fluid ex- 
tracts obtained from human subjects were parallel to 
those of the synthetic rat corticotropin-releasing hor- 
mone standard (data not shown). Concentrations of 
immunoreactive corticotropin-releasing hormone in 
amniotic fluid obtained during the sixteenth to eigh- 
teenth weeks of gestation were 2.5 + 1.7 fmol/ml 
(mean + SD; 2 = 17; range, 0.8 to 7.2), and such levels 
were similar to those of maternal plasma obtained at 
the same stage of gestation. Significantly higher lev- 
els were found in amniotic fluid obtained at term 
(9.3 + 5.4 fmol/ml; n = 24; range, 1.5 to 22.4). In the 
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latter group the concentration of immunoreactive 
corticotropin-releasing hormone in amniotic fluid was 
almost the same as that in the corresponding umbilical 
cord plasma, but it. was 100 times less than that of the 
corresponding maternal plasma (Table I). There was 
a significant correlation between concentrations of 
the immunoreactive hormone in paired samples of 
amniotic fluid and plasma obtained simultaneously 
at delivery. There was also a significant correlation 
between the concentrations in paired samples of 
amniotic fluid and placentas obtained immediately 
after delivery. On the other hand, there was no 
significant correlation between the concentrations in 
paired samples of amniotic fluid and umbilical venous 
plasma. Gel filtration of amniotic fluid extracts from 
between 16 and 18 weeks and 38 and 40 weeks of 
gestation, prepared by affinity chromatography, re- 
vealed two peaks of corticotropin-releasing hormone 
immunoreactivity—one at the position of synthetic 
rat corticotropin-releasing hormone (corticotropin- 
releasing hormone-sized) and a small-molecular-weight 
peak. Rat corticotropin-releasing hormone-sized ma- 
terial was predominant. 

Animal study. Immunoreactive corticotropin- 
releasing hormone was not detectable (<0.03 
pmol/gm wet weight) in the rat placentas at any of the 
gestational stages studied (13, 16, and 20 days of ges- 
tation) and not detectable (<0.3 fmol/ml) in rat am- 
niotic fluid from either 16 or 20 days of gestation. 


Comment 


To our knowledge, this is the first report to describe 
the existence of corticotropin-releasing hormone in hu- 
man amniotic fluid, although previous studies have re- 
ported the presence of a number of hypothalamic and 
pituitary hormones in amniotic fluid.“ The profile of 
corticotropin-releasing hormone molecules in gel fil- 
trations of amniotic fluid is different from those-found 
in placental tissue and maternal plasma. The latter two 
contain authentic forms and two other high-molecular- 
weight forms, as described previously.*? In contrast, 
there are two ‘molecular forms of immunoreactive 
corticotropin-releasing hormone in human’ amniotic 
fluid; one is eluted in the position of authentic 
corticotropin-releasing hormone and the other in a 
smallér-molecular-weight region. 

The origin of these peptides in amniotic fluid is 
not known. However, we speculate that they might 
originate from the placenta, since, as we have previ- 
ously reported, immunoreactive and biologically active 
corticotropin-releasing hormone is present in the pla- 
centa, in maternal plasma, and in the umbilical cord 
plasma of human beings.® Moreover, the positive cor- 
relation between the levels of corticotropin-releasing 
hormone in human amniotic fluid and those in 
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Table I. Concentrations of immunoreactive corticotropin-releasing hormone (mean + SD) in human 
amniotic fluid, maternal plasma, fetal venous plasma, and placenta 





16-18 17 2:5 1.7 
13 
38-40 24 9.3 + 5.4 


the placenta and maternal plasma suggests that 
corticotropin-releasing hormone in amniotic fluid may 
originate in the placenta or in maternal plasma. It is 
not clear how corticotropin-releasing hormone is trans- 
ported from the mother’s plasma or the placenta to the 
amniotic fluid. It is possible that corticotropin-releasing 
hormone produced in the placenta is directly secreted 
into the amniotic fluid by amniotic cells or that there 
is a placental transport from maternal circulation into 
the amniotic fluid. Simple filtration through the am- 
niotic membrane from the maternal circulation into 
the amniotic sac is unlikely, because the levels of 
corticotropin-releasing hormone in amniotic fuid only 
quadruple at 38 to 40 weeks of gestation, compared 
with 16 to 18 weeks, but the levels of the hormone in 
maternal plasma increase 400 times during this period.® 
A fetal origin of corticotropin-releasing hormone in 
amniotic fluid is similarly unlikely since we found no 
correlation between corticotropin-releasing hormone 
levels in amniotic fluid and in fetal plasma. There is 
another possibility. Corticotropin-releasing hormone in 
amniotic fluid may originate from fetal urine, since 
most of the amniotic fluid consists of fetal urine in the 
late stages of pregnancy.’ Although the levels of the 
hormone in amniotic fluid are very similar to those in 
the umbilical cord vein and their gel filtration profiles 
are also similar, both lack materials of high mo- 
lecular weight. It has not yet been proved that 
corticotropin-releasing hormone is excreted in human 
urine. 

The physiological significance of corticotropin- 
releasing hormone in amniotic fluid is not yet known. 
Central nervous system corticotropin-releasing hor- 
mone may participate not only in the regulation of 
adrenocorticotropic hormone secretion from the an- 
terior pituitary gland but also in the functions of emo- 
tion, sympathetic nervous system activity,'' sexual be- 
havior,’ and appetite. Recently Petraglia et al." re- 
ported that the addition of corticotropin-releasing 
hormone to primary trophoblast cell cultures stim- 
ulated adrenocorticotropic hormone secretion in a 
dose-dependent manner; thus they concluded that 
corticotropin-releasing hormone might be involved in 
the paracrine regulation of placental immunoreactive 


Immunoreactive corticotropin-releasing hormone concentrations 


Amniotic fluid Maternal plasma Fetal plasma 
(fmol/ ml) (fmol/ ml) (finol/ ml) 


2.6 + 2.0 
972 + 642 






Placenta 
(pmol! gm) 


9.3 + 5.2 4.6 + 2.8 


adrenocorticotropic hormone secretion. Therefore, in 
amniotic fluid, corticotropin-releasing hormone may 
participate in the regulation of adrenocorticotropic 
hormone” and cortisol’? secretion into amniotic fluid. 
At present corticotropin-releasing hormone determi- 


nations in amniotic fluid are of no obvious clinical value, 


but when more information is accumulated in the fu- 
ture, they may prove to be important to studies of the 
development and well-being of the fetus in utero, as is 
the case with amniotic fluid adrenocorticotropic hor- 
mone and cortisol. 

In the present study no immunoreactive 
corticotropin-releasing hormone was detected in 
either rat amniotic fluid or rat placentas. The reason 
corticotropin-releasing hormone is present in human 
amniotic fluid and placentas but not in rat placentas 
has not yet been explained. The mechanism of 
corticotropin-releasing hormone gene expression in 
the human placenta might be different from its expres- 
sion in rats, and it might be species-specific. The dif- 
ferences in placentation between rats and human 
beings might account for the differences in expression 
of the corticotropin-releasing hormone gene between 
these two species. 


We are greatly indebted to Dr. Toshifumi Takabay- 
ashi, Division of Obstetrics and Gynecology, Tohoku 
University School of Medicine, for his kind collections 
of amniotic fluid. 
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The effect of indomethacin on the pulsatility index of the 
umbilical artery in human fetuses 


Kenneth J. Moise, Jr., MD, Giancarlo Mari, MD,’ Brian Kirshon, MD, 
James C. Huhta, MD, Scott W. Walsh, PhD, and Lorraine Cano, RN, BSN* 


Houston, Texas 


Pulsed and continuous-wave Doppler ultrasonography was used to assess blood velocities in the ductus 
arteriosus and the pulsatility index of the umbilical artery in 20 fetuses (1 pair of twins and 18 singletons) 
at 23 to 33 weeks’ gestation during maternal indomethacin therapy for preterm labor or polyhydramnios. 
There was no statistically significant difference in the pulsatility index of the umbilical artery during 
maternal indomethacin treatment (mean + SD, 1.11 + 0.20) when compared with baseline values 

(1.12 + 0.19) in all 20 fetuses studied. An increase in the peak systolic and diastolic blood velocities in the 
ductus arteriosus consistent with ductal constriction was noted in 9 fetuses. Analysis of the umbilical artery 
pulsaiility index values before and during indomethacin in this subgroup of fetuses failed to reveal a 
statistically significant change (1.12 + 0.19 vs. 1.11 + 0.20). Indomethacin therapy does not influence the 
pulsatility index of the umbilical artery at the gestational ages studied. (Am J OBSTET GYNECOL 1990; 162: 


199-202.) 


Key words: Indomethacin, pulsatility index, umbilical artery, fetal ductal arteriosus, ductal 


constriction 


Indomethacin, a prostaglandin synthetase inhibitor, 
was first prescribed for the treatment of premature 
labor by Zuckerman et al.! in 1974. However, case re- 


ports implicating closure of the fetal ductus arteriosus ` 


have limited the use of the drug.” More recently, sev- 
eral series have proved this medication to be relatively 
safe if used for short periods of time.** For these rea- 
` sons, a resurgence of interest in indomethacin as a to- 
colytic agent has led to its more widespread use. 

In animal models prostaglandins appear to be im- 
portant in a variety of physiologic processes in the fetus. 
The fetal ductus arteriosus has received the most wide- 
spread attention with respect to the role of prostaglan- 
dins. Clyman et al.° found that local production of pros- 
taglandin E, by the fetal ductus arteriosus is important 
in maintaining the patency of this vessel. In a subse- 
quent study involving human fetuses, ductal constric- 
tion was detected in 7 of 14 fetuses during administra- 
tion of indomethacin to pregnant women for the treat- 
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ment of preterm labor.” Prostaglandins also appear to 
mediate fetal urine output. Novy? noted that long-term 
indomethacin exposure in rhesus monkeys resulted in 
severe oligohydramnios and postulated that this was 
secondary to decreased fetal-‘urine production. Kirshon 
et al.° have demonstrated a decline in urine output in 
the human fetus soon after the initiation of maternal 
indomethacin therapy. Finally, in vivo animal studies 
and in vitro human placental studies indicate that the 
fetoplacental circulation is also under the control of 
thromboxane and prostanoids."° 

The pulsatility index of the umbilical artery is 
thought to reflect placental resistance.'! We therefore 
studied the pulsatility index of the umbilical artery in 
those fetuses whose mothers were treated with indo- 
methacin to determine whether the umbilical-placental 
circulation was altered by inhibition of prostaglandin 
synthesis. 


Material and methods 

The study population consisted of 20 fetuses (18 sin- 
gletons and one pair of twins) with a mean gestational 
age of 28.3 + 2.4 weeks. Indomethacin was used in the 


treatment of premature labor in 18 cases and in the 


treatment of polyhydramnios in 2 cases. Both protocols 
were approved by the human investigational review 
boards of Baylor College of Medicine and the Harris 
County Hospital District. Indomethacin was adminis- 
tered orally to the pregnant patients. One patient re- 
ceived an initial dose of 50 mg, followed by 25 mg every 
4 hours; the remaining patients received 25 mg every 
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Table I. Demographic data 
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Maternal 
indomethacin dose 


Reason for 
treatment 





25 mg q 4 hr Premature labor 2 

25 mg q 6 hr Premature labor 15 

25 mg q 6 hr Polyhydramnios 2 
50 mg (loading) Premature labor 1 

25 mg q6hr 






No. of 
fetuses 





Duration of indomethacin 
(hr; mean + SD) 


Gestational age 
(wk; mean + SD) 








29.5 + 1.0 17.5 + 2.5 

27.8 + 2.6 17.2 + 4.8 

29.7 + 0.3 11.0 + 1.0 
31.0 


20.0 








4 to 6 hours (Table I). No other tocolytic agents were 
used during the study period. 

General Electric equipment (Pass II) with image- 
directed continuous-wave and pulsed Doppler beam 
was used in conjunction with 2.5 MHz real-time im- 
aging. A 100 Hz high-pass filter was used to remove 
signals from slow-moving tissues in the path of the 
Doppler beam. Ultrasonographic energy was main- 
tained at 114 mW/cm? spatial peak temporal average 
intensity (SPTA) for pulsed Doppler and <50 mW/cm? 
SPTA for continuous-wave Doppler. Although the 
SPTA of our pulsed Doppler device exceeded the 100 


mW/cm? level recommended by the Food and Drug . 


Administration for fetal Doppler ultrasonography,” it 
is well below the known peak acoustic field emission of 
180 mW/cm?’ for preenactment ultrasonographic di- 
agnostic devices.'? In addition, the American Institute 
of Ultrasound in Medicine has recently released 
information that no independently confirmed signifi- 
cant biologic effects in mammalian tissues have been 
noted with focused ultrasonographic intensities below 
1 W/cm?."* 

Fetuses were examined while the mothers were in a 
semirecumbent position. After imaging the ductus ar- 
teriosus in a sagittal plane as described previously," we 
conducted both pulsed and continuous-wave Doppler 
examination of the ductus and recorded the maximal 
velocities obtainable. Pulsed Doppler examination of a 
free-floating segment of umbilical cord was performed 
with the same equipment. The Doppler sample volume 
(2 mm) was positioned over the umbilical cord and 
maneuvered until arterial and venous velocity wave- 
forms were obtained simultaneously. Measurements 
were taken only during fetal apnea. 

Doppler assessment of the ductus arteriosus and um- 
bilical artery was performed before the initiation of 
indomethacin and repeated in the first 24 hours of 
therapy (mean duration of indomethacin therapy, 
18.9 + 8.6 hours). 

The blood velocity waveforms were recorded on vid- 
eotape, and a digitized computer system (Digisonics, 
Inc.) was used to determine the peak systolic and dia- 
stolic velocities of the ductus arteriosus. Constriction of 
the ductus arteriosus was defined as the presence of a 
peak systolic velocity of >140 cm/sec in conjunction 


with a peak diastolic velocity of >35 cm/sec, as previ- 
ously reported." The peak systolic, end-diastolic, and 
mean velocities of the umbilical artery were deter- 
mined, and the pulsatility index was calculated by di- 
viding the peak systolic velocity minus the end-diastolic 
velocity by the mean velocity.* The maximum fre- 
quency shift envelope of the Doppler spectrum was 
digitized on five consecutive waveforms, and the results 
were averaged to obtain the final pulsatility index value. 
Two-tailed paired and unpaired ¢ tests were used for 
statistical comparison of ductal velocities and pulsatility 
indices. A p value <0.05 was considered significant. 


Results 


With indomethacin the baseline peak systolic veloc- 
ities (mean + SD) of the ductus arteriosus increased 
from 97 + 14 to 147 + 45 cm/sec (p < 0.001), while 
the peak diastolic velocities increased from 17 + 5 to | 
46 + 38-cm/sec (p < 0.001). In 9 cases, constriction of 
the ductus arteriosus was detected by fetal echocardi- 
ography during indomethacin therapy. Four of these 
cases were complicated by tricuspid regurgitation that 
had not been present on baseline echocardiography. 

The umbilical -artery baseline pulsatility index 
(mean + SD) of the 20 fetuses was 1.12 + 0.19, while 
the pulsatility index during indomethacin therapy was 
1.11 + 0.20 (p = 0.76). Fetuses were analyzed as sep- 
arate groups based on the presence or absence of ductal 
constriction. In the 11 fetuses without ductal constric- 
tion, the baseline pulsatility index was 1.20 + 0.05 
and during indomethacin therapy it was 1.20 + 0.03 
(p = 1.0). In the 9 fetuses with ductal constriction, the 
baseline pulsatility index was 1.02 + 0.10 and at 
the time of ductal constriction it was 0.99 + 0.19 
(p = 0.65). Baseline pulsatility index values in the um- 
bilical arteries of fetuses that developed constriction of 
the ductus arteriosus during maternal indomethacin 
therapy were found to be significantly lower than 
the baseline values in fetuses without constriction 
(p = 0.04). 


Comment 

The prostanoids and thromboxane are thought to 
play major roles in the control of placental circulation.’ 
Parisi and Walsh'* and Trudinger et al.” have reported 
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that the thromboxane analogue U46619, administered 
into the ovine fetal circulation in vivo, produces vaso- 
constriction of the umbilical-placental vasculature. In 
the Trudinger study Doppler flow velocity waveform 
analysis of the umbilical artery revealed an elevation of 
the systolic/diastolic ratio. When prostacyclin was in- 
fused, a decreased placental resistance and a decline in 
the systolic/diastolic ratio of the umbilical artery were 
noted. In normal human pregnancy the placenta pro- 
duces equal amounts of prostacyclin and thromboxane, 
so that the biologic effects on vascular tone are bal- 
anced." 

Several investigators have studied the effects of var- 
ious prostaglandin synthetase inhibitors on in vitro hu- 
man placental tissue and vessels. Walsh'* has demon- 
strated that indomethacin in concentrations of 5 and 
50 pmol/L inhibits the production of both prostacyclin 
and thromboxane by the human placenta. Tulenko” 
studied the resistance vessels in the human placenta 


when it is‘exposed to meclofenamate and failed to note . 


arterial wall relaxation. Finally, Thorpe et al.” noted 
that low-dose aspirin inhibits thromboxane production, 
but not prostacyclin production, by in vitro human cho- 
rionic plate arteries. 

In vivo studies of prostaglandin inhibition on 
the umbilical-placental circulation have been limited. 
McLaughlin et al.” studied the umbilical blood flow 
after indomethacin was administered to five pregnant 
ewes at 125 days’ gestation and they noted a 22% in- 
crease in umbilical vascular resistance. When the ex- 
periment was repeated at 132 to 135 days with the same 


animals, no change in umbilical vascular resistance oc- ° 


curred. They concluded that prostanoids may exert a 
net tonic dilatory effect on the uteroplacental circula- 
tion in the ovine pregnancy. More recently, Trudinger 
et al.” reported that administration of low-dose aspirin 
therapy to pregnant women results in normalization of 
elevated umbilical artery systolic/diastolic ratios, as 
measured by Doppler, in pregnancies complicated by 
fetal intrauterine growth retardation. 

If placental resistance is altered by prostaglandin syn- 
thetase inhibition, one would expect to find changes in 
the placental How parameters, such as the pulsatility 
index or the systolic/diastolic ratio of the umbilical ar- 
tery. In the current study we observed no change in 
the pulsatility index of the human fetal umbilical artery 
when indomethacin was administered'to the mothers. 
Fetuses with constriction of the ductus arteriosus were 
analyzed separately because we thought that this find- 
ing indicated significant suppression of the prosta- 
glandin environment of the fetoplacental circulation. 
Again, no statistically significant changes in the pulsa- 
tility index of the umbilical artery were noted. — 

This lack of change in vascular resistance in the hu- 
man placenta is surprising in view of the ovine exper- 
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iments of McLaughlin et al.” The gestational ages of 
the fetuses in the current study were comparable to 
those in the study involving animals. Species variation 


‘may account for the different responses of the feto- 


placental circulation to indomethacin. Since the pros- 
taglandin synthetase inhibitor was injected directly into 
the circulation in the lamb fetuses, an additional ex- 
planation for the lack of change in human placental 
vascular resistance might be the inability of indometh- 
acin to cross the human placenta. However, the finding 
of ductal constriction in nine fetuses in the current 
study argues against this explanation. Recently we have 
found that drug levels were equal in mother and fetus 
5 hours after the mothers received an oral dose of 
indomethacin.” This observation was consistent for all 
gestational ages studied. 

An imbalance of increased thromboxane and de- 
creased prostacyclin has been associated with increased 


placental vascular resistance in preeclampsia.’* *™ In 


cases of intrauterine growth retardation, prostacyclin 
production is decreased,” possibly causing an imbal- 
ance between placental thromboxane and prostacyclin 
production that favors the biologic actions of throm- 
boxane. Low-dose aspirin therapy for the selective in- 
hibition of thromboxane production appears to be ben- 
eficial for the treatment of preeclampsia,” intrauterine 
growth retardation,” and pregnancies with placental 
insufficiency.” This selective inhibition of thromboxane 
production would normalize the thromboxane/pros- 
tacyclin ratio in the patients, thereby decreasing pla- 
cental resistance, as reflected by the umbilical artery 
systolic/diastolic ratio. Indomethacin in the doses used 
in this study could be expected to decrease the pro- 
duction rates of beth thromboxane and prostacyclin in 
the normal placenta. Since these two arachidonic acid 
metabolites are the primary regulators of umbilical- 
placental blood flow,” in their absence, this circulation 
would be controlled passively by placental perfusion 
pressure. As a result, no real change in placental vas- 
cular resistance would be expected. The results of the 
present study support this hypothesis. 

Further analysis of our data revealed that those fe- 
tuses that developed constriction of the ductus arter- 
iosus during indomethacin therapy had a significantly 
lower baseline umbilical artery pulsatility index than 
those fetuses that did not develop constriction. At first 
glance, one might interpret these data to indicate that 
the baseline pulsatility index could be used to predict 
which fetus would develop ductal constriction in re- 
action to indomethacin. Although the majority of blood 
flow through the fetal ductus arterious is directed to 
the placental circuit,” the pulsatility index of the um- 
bilical artery is thought to represent the downstream 
resistance of the placental circuit instead of the driving 
pressure for this circulation." In our study, the mean 
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gestational age of the fetuses without ductal constric- 
tion was 27.7 weeks, as compared with 29.1 weeks in 
the fetuses with constriction. Since the pulsatility index 
of the umbilical artery is noted to decline with advanc- 
ing gestational age,” we believe this represents the most 
likely explanation for the lower baseline pulsatility in- 
dex values in the fetuses with ductal constriction versus 
those without constriction. 

We conclude that the resistance of the normal human 
placenta, as reflected by the pulsatility index of the 
umbilical artery, is not influenced by maternal indo- 
methacin administration. Use of the baseline umbilical 
artery pulsatility index to predict which fetus will ex- 
hibit constriction of the ductus arteriosus during ma- 
ternal indomethacin therapy does not appear war- 
ranted at this time. 
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Chronic, massive fetomaternal hemorrhage treated with 
repeated fetal intravascular transfusions 


Richard L. Fischer, MD, Kathleen Kuhlman, MD, Joseph Grover, MD, 


Owen Montgomery, MD, and Ronald J. Wapner, MD 


Philadelphia, Pennsylvania 


We report the first known case of chronic, massive fetomaternal hemorrhage managed by serial fetal 
intravascular transfusions. Timing of transfusions was guided by fetal heart rate patterns and fetal 
movement evaluation. Despite severe anemia and a sinusoidal heart rate pattern, the fetus demonstrated 
normal blood gases and no sign of hydrops. (Am J OBsTET GYNECOL 1990;162:203-4.) 


Key words: Fetomaternal hemorrhage, fetal anemia, fetal intravascular transfusion 


Antepartum fetomaternal hemorrhage occurs in 
approximately 45% of pregnancies, usually in quanti- 
ties <0.1 ml. Rarely, a massive fetomaternal hemor- 
rhage, defined as > 150 ml, can result in significant fetal 
and neonatal anemia. In utero intravascular transfu- 
sion is now used for treatment of feta] anemia that is 
secondary to isoimmunization. This report describes a 
case in which a massive, chronic fetomaternal hemor- 
rhage was identified and treated with serial fetal intra- 
vascular transfusions. 


Case report 

A 34-year-old, primigravid, diethylstilbesterol- 
exposed woman was first seen at 31 weeks’ gestation 
with decreased fetal movement for 2 weeks and no 
movement for 3 days. Prenatal history had been re- 


markable for an episode of heavy first-trimester vaginal . 


bleeding and a genetic amniocentesis at 16 weeks 
through an anterior placenta. On admission, a non- 
stress test showed a sinusoidal heart rate pattern. Ul- 
trasonography revealed normal amniotic fluid volume, 
no hydropic changes except for an enlarged fetal liver, 
and no evidence of abruptio placenta or placenta 
previa. Although the biophysical profile was normal, 
a contraction stress test result was interpreted as sus- 
picious. A review of prenatal laboratory test results 
showed a blood type of O positive, negative anti- 
body screen, and nonreactive rapid plasma reagin. A 


_Kleihauer-Betke smear on admission suggested a fe- 


tomaternal hemorrhage of 180 ml. A maternal serum 
a-fetoprotein level of 13,473 ng/ml (normal <430 
ng/ml) was supportive of a large fetomaternal hem- 
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orrhage. A cordocentesis was performed, which re- 
vealed a fetal hemoglobin of 2.2 gm/dl and hematocrit 
of 7.6%. An intravascular fetal transfusion of 96 ml of 
packed, washed, irradiated, cytomegalovirus-negative, 
O-negative red blood cells was performed. ‘The post- 
transfusion fetal hemoglobin was 12.4 gm/dl and he- 
matocrit was 39.2%. Fetal venous blood gas values were 
normal (pH 7.40, Po. 50 mm Hg, Pco, 36 mm Hg, 
base excess — 0.9, oxygen saturation 85%). Fetal viral 
studies, including cytomegalovirus and parvovirus, 
were negative. Within 4 hours after the procedure, the 
patient reported a marked increase in fetal activity, and 
the fetal heart rate tracing showed accelerations. The 
fetal heart rate tracing remained reassuring until day 
5, when fetal movements decreased and a sinusoidal 
pattern recurred. A second cordocentesis was per- 
formed, with fetal hemoglobin of 4.2 gm/dl and he- 
matocrit of 13.5%. An intravascular transfusion of 
100 ml was performed, with a final hemoglobin of 12.2 
gm/dl and hematocrit of 37.9%. Amniotic fluid analysis 
demonstrated fetal lung maturity. Color-flow Doppler 
and magnetic resonance imaging of the placenta 
showed no abnormalities. 

On day 6, the sinusoidal pattern returned. In view 
of the chronicity and rapidity of the massive fetoma- 
ternal hemorrhage and with documented mature lung 
indices, a primary cesarean section was performed be- 
cause of breech presentation. The appropriate-for- 
gestational-age infant weighed 1750 gm, with Apgar 
scores of 9 at 1 minute and 10 at 5 minutes. Neonatal 
hemoglobin was 6.6 gm/dl and hematocrit was 20.4%. 
Blood type was O positive, and total bilirubin was 1.1 
mg/dl. The infant received two blood transfusions and 
phototherapy for a maximum bilirubin level of 13.4 
mg/dl. No ventilatory support was needed, and the 
infant is currently well. 

The placenta appeared normal except for a subcho- 
rionic hematoma, 2 cm from the cord insertion, which 
probably resulted from needle displacement during a 
transfusion. Barium injection into the umbilical vein 
showed an unremarkable arborization pattern and no 
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_ evidence of vascular malformation. Pathologic evalu- 
ation revealed intraluminal thrombi of fetal stem ves- 
sels, peripheral endovasculitis, one area suggestive 
of abruptio placentae, and no evidence of a vascular 
tumor. 

Comment 


This is the first reported case of a chronic, massive 
fetomaternal hemorrhage treated with serial fetal 
-intravascular transfusions. As described previously,’ 
chronic fetomaternal hemorrhage is associated with he- 
modynamic compensation and normal acid-base status. 
Cardwell? reported a case of fetal hydrops from an 
acute fetomaternal hemorrhage at 21 weeks; it was 
treated successfully with a single intraperitoneal trans- 
fusion and there was resolution of the hydrops. In our 
case of chronic, massive fetomaternal hemorrhage, 
there was hepatomegaly but no evidence of hydrops 
fetalis, despite a hematocrit of 7.6%. In Rh isoimmu- 
nization, hydrops has been observed at hematocrits 
ranging from 10% to 15%, implying that factors other 
than fetal anemia may contribute to hydrops fetalis. 
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Interestingly, the nonstress test and maternal percep- 
tion of diminished fetal movements were our most sen- 
sitive noninvasive indicators of severe fetal anemia. In 
contrast, the biophysical profile was normal despite se- 
vere anemia, suggesting that the biophysical profile 
may not be useful for this condition. This case dem- 
onstrates the importance of the Kleihauer-Betke stain 
and cordocentesis in the diagnosis of suspected massive 
fetomaternal hemorrhage, as well as the usefulness of 
intravascular fetal transfusion for treatment of severe 
anemia in the preterm fetus. Intensive antepartum fetal 
monitoring is crucial to detect persistent fetomaternal 
hemorrhage with recurrent anemia, so that intravas- 
cular transfusion or delivery can be effected. 
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Controlling refractory atonic postpartum hemorrhage with 


Hemabate sterile solution 


MerriKay A. Oleen, PhD, and Joseph P. Mariano, MD 
Kalamazoo, Michigan 


The customary use of Hemabate sterile solution for postpartum hemorrhage was studied at 12 cooperating 
obstetrics units for a 12-month period. Outcomes of interest were the characteristics of patients chosen by 


the attending physicians to receive the drug, conditions of drug use, and patient status after drug use. 
Cessation of bleeding was considered a successful outcome and in 208 of 237 cases (87.8%) the 
hemorrhage was controlled directly after the administration of Hemabate sterile solution. An additional 17 
successful outcames were achieved with further administration of oxytocics for an overall success rate of 
94.9%. Twelve cases of postpartum hemorrhage were considered pharmacologic treatment failures, 
requiring surgical intervention. Among the patients in whom pharmacologic treatment failed were factors 
that may have played a significant role in the cause of the hemorrhage including peripheral coagulopathy, 
retained products of conception, lacerations, chorioamnionitis, oxytocin-induced or augmented labor, 
increased fetal weight, magnesium-treated preeclampsia, and cesarean delivery. However, no combination 
of factors could be consistently associated with pharmacologic treatment failure. (AM J OBSTET GYNECOL 


1990;162:205-8.) 


Key words: Postpartum hemorrhage, drug treatment, risk factors 


The leading cause of early postpartum hemorrhage 
is uterine atony. The commonly accepted management 
scheme for the control of hemorrhage as a result of 
uterine atony includes the use of manual massage and 
bimanual compression supplemented promptly by res- 
toration of blood volume and administration of oxy- 
tocics. If initial treatment with an oxytocin infusion 
yields no response an intramuscular or an intravenous 
injection of ergot alkaloid derivatives may be given.’ 
When the physical maneuvers and pharmacologic ther- 
apies fail, surgical techniques must be used. Ligation 
of the arterial supply of the uterus, the uterine or hy- 


pogastric arteries, may succeed in stopping atonic post- ` 


partum hemorrhage, but when conservative surgery 
will not control bleeding, removal of the uterus by hys- 
terectomy is necessary.” 


During the past several years investigators have — 


sought alternative treatment modalities to hysterec- 
tomy for severe atonic postpartum hemorrhage, and 
the most favorable and encouraging results have been 
seen with some of the prostaglandins. They appear to 
be involved in postpartum hemostatic mechanisms by 
virtue of their pharmacodynamic properties relative to 
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myometrial stimulation, vasoactive effects, and platelet 
function.’ The compound that has been approved by 
the U.S. Food and Drug Administration for the treat- 
ment of atonic postpartum hemorrhage refractory to 
conventional methods of management is (15S)-15- 
methyl prostaglandin F,,-tromethamine (Hemabate 
sterile solution, formerly Prostin/15M sterile solution, 
The Upjohn Company, Kalamazoo, Mich.). When the 
U.S. Food and Drug Administration granted approval 
for the postpartum hemorrhage indication for this 
product they requested a proposal for an epidemiologic 
investigation of the customary use of Hemabate sterile 
solution during the initial 12 months of market avail- 
ability for the new indication, The purpose of this ar- 
ticle is to report the results of the multicenter surveil- 
lance that was designed to describe the patients chosen 
by the attending physicians to receive Hemabate sterile 
solution for the treatment of postpartum hemorrhage, 
the conditions of clinical use in this indication, and 
patient outcomes. 


Material and methods 

A prospective epidemiologic study design that uses 
a method of data collection by obstetrics staff at mul- 
tiple centers was adopted. The Medication Monitoring 
Program Coordinating Center recruited 12 obstetrics 
units at nonprofit and governmental hospitals that 
agreed to participate in this study. They were selected 
on the basis of annual estimated cases of postpartum 
hemorrhage and capability to provide medical record 
information concurrently with hospitalization for all 
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Table I. Conditions of delivery in patients with 
postpartum hemorrhage (n = 237) 


` © Conditions Frequency | % of Cases 





Oxytocin-induced or augmented 92 38.8 
labor 

Cesarean delivery 72 30.4 

Magnesium-treated pre- ` 43 18.1 
eclampsia 

Lacerations _ 85 14.8 

Retained products of conception 27 11.4 

Increased fetal weight 22 9.3. 

Peripheral coagulopathy 4 1.7 

Chorioamnionitis 3 1.3 





Table II. Associated pathology among patients ` 
in whom drug treatment failed (n = 12) 














Artery ligation and 
hysterectomy 
(n = 4) 


Artery ligation 
(n = 5) 


Hysterectomy 
(n = 3) 





Laceration, 2 Retained products Peripheral 


Placenta previa, 1 of conception, 1 coagulopathy— 
Hypertension— Retained products placental 
placenta ac- of conception— abruption, | 
creta (par- placenta 
tial), 1 previa—placenta 
accreta, I 
Chorioamnio- 
nitis, | 





patients selected by their physicians to receive Hema- 
bate sterile solution in a 12-month period between Jan- 
uary 1986 and March 1987. In all cases the data were 
abstracted from the medical charts by attending nurses 
and physicians during and immediately after the pa- 
tients’ hospitalizations. 

A specially designed case report form was completed 
for each patient to record demographic characteristics; 
pregnancy history; a clinical report of labor and deliv- 
ery for the current admission and clinical events as- 
sociated with the postpartum hemorrhage, whether 
acute or delayed, including estimated: blood loss and 


the mechanical and pharmacologic therapies applied. ` 


The Hemabate sterile solution exposure was char- 
acterized by documented dosage administered and its 
ranked order of administration relative to all phar- 
macologic therapies used in the postpartum hemor- 
rhage management scheme. Information concerning 
the presence of genital tract trauma, retained products 
of conception, and peripheral coagulopathy were also 
collected because the failure of Hemabate sterile so- 
lution to control refractory hemorrhage could be re- 
lated to these pathologies in view of its mechanism of 
action. 
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Patient outcomes to be recorded were the cessation 
of bleeding and, thus, the lack of need for artery li- 
gation or emergency hysterectomy and any medical 
events associated with Hemabate sterile solution treat- 
ment. The person who completed the case report form 
was asked to note if a charted medical event was, on 
the basis of a physician’s or nurse’s medical judgment, 
considered to be drug-related. Other factors known to 
influence the outcome of atonic postpartum hemor- 
rhage such as the presence of chorioamnionitis, Oxy- 
tocin augmentation of labor, and increased fetal weight 
were also included on the case report form to be ap- 
propriately controlled in the analysis of the study data. 

The case report forms were returned to the Coor- 
dinating Center on a monthly schedule and the infor- 
mation was entered in the data base. Analysis consisted 
of descriptive statistics to characterize the patients se- 
lected to receive Hemabate sterile solution for post- 
partum hemorrhage, the customary conditions for the 
drug’s use in this indication, and the patient outcomes. 
Further subgroup analyses were done to look for dif- 
ferences among the cases on the basis of the presence 
of known risk factors for poor outcome in postpartum 
hemorrhage. 


Results 


The 236 study participants had 237 episodes of post- 
partum hemorrhage. The mean age of the patients was 
25.3 + 5.7 years. There were 113 multiparous women, 
108 primiparous women; and 15 women who had not 
borne viable offspring. The breakdown of the method 
of delivery was 72 cesarean sections and 164 sponta- 
neous vaginal deliveries. 

Table I lists conditions associated with postpartum 
hemorrhage that were recorded for patients. There 
were reports of associated risk factors for poor outcome 
at delivery for 174 cases, 84 of them with multiple 
factors. 

Hemorrhage was successfully controlled immediately 
after the administration of Hemabate sterile solution 
in 208 of the 237 cases (87.8%). An additional 17 suc- 
cessful outcomes were achieved with further adminis- 
tration of oxytocics for an overall success rate of 94.9%. 
Included as instances in which the therapy failed were 
patients for whom surgery was performed after ad- 
ministration of Hemabate sterile solution. Five patients 
required artery ligation, four patients underwent artery 
ligation that preceded hysterectomy, and an additional 
three patients required immediate hysterectomy. Table 
II presents the associated pathology among the in- 
stances of drug treatment failure. 

The conventional management scheme to control 
postpartum hemorrhage was followed in nearly all 
cases; 96.2% of the patients received oxytocics before 
Hemabate sterile solution. The mean number of doses 
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(125 or 250 ug) of Hemabate sterile solution given to 
these patients including those in whom therapy failed, 
was 1.16. The range was one to five doses. There were 
230 of the 237 patients (97%) who received only one 
or two doses. The interyals of time between multiple 


doses were determined by the attending physicians as . 


dictated by the clinical events of the cases. The route 
of administration of Hemabate sterile solution was not 
systematically collected; however, there were voluntary 
reports that suggested the drug was administered deep, 
intramuscularly, as expected, and by various ather 
routes including intramyometrially, intravenously, in- 
trauterinely, and intracervically. 

_ The blood lossés were estimated before the admin- 
istration of Hemabate sterile solution. Table III sum- 
marizes the estimates of blood loss for those who were 
successfully controlled and those for whom pharma- 
cologic treatment failed. Only two cases of delayed post- 
partum hemorrhage were reported; one of these pa- 
tients had an episode of postpartum hemorrhage with 
an estimated blood loss of 590 ml immediately after 
delivery and a recurrence 9 days later with an estimated 
1000 ml blood loss. The other case had no prior history 
of postpartum hemorrhage; refractory hemorrhage 
developed 8 days after delivery. Only a portion of her 
blood loss was witnessed and quantified. Among the 
acute and delayed cases that were successfully treated 
the mean blood loss was 900 + 748 ml; 57 of the cases 
had estimated blood losses of =500 ml. In contrast, 
the 12 patients for whom pharmacologic treatment 
failed had an estimated mean blood loss of 2229 + 
2454 ml and only two of these patients had estimated 
blood lasses of <1000 ml. This points to the severity 
of the hemorrhage among the failures. 

A total of 64 patients in this series (27.0%) received 
red blood cell-containing units with a mean of 3.6 units; 
the range was 1 to 29 units. Nine patients also received 
non-red blood cell-containing units such as fresh frozen 
plasma, cryoprecipitate, or albumin. 

A total of 48 of the 237 study participants had one 
or more side effects that the physician- or nurse- 
abstractors attributed to therapy with Hemabate sterile 
solution (Table IV). The medical events that were in- 
cluded on the case report form were reported as ad- 
verse effects of varying frequencies related to the drug 
in clinical trials and published literature. There were 
35 of the 48 patients who had only one drug-associated 
event. The most commonly reported medical events 
associated with the administration of Hemabate sterile 
solution were diarrhea (11.4% of 237 patients), elevated 
blood pressure (6.8%), and vomiting (6.8%). None of 
the reports of elevated blood pressure was from cases 
in which hypertension was indicated to exist during the 
delivery. However, with the use of the recorded read- 
ings for the highest diastolic blood pressure in the first 
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_ Table III. Estimated blood loss (ml) 



















Therapy Therapy 
Total group successes failures 
(n = 227)* | (n = 215) (n = 12) 





100-9500 
900 + 748 


Range 
Mean 


100-9500 
970 + 955 


500-9500 
2229 + 2454 





*Blood loss could not be estimated for 10 cases. 


Table IV. Drug-related medical events 


Event ; Frequency % of Cases* 








Diarrhea 27 11.4 
Elevated blood pressuret 16 6.8 
‘Vomiting i 16 6.8 
Elevated temperature 5 2.1 
Flushing 4 1.7 
Tachycardia 4 1.7 





*Percentages are calculated on the basis of 237 treated cases. 
Some patients had more than one event. 


tDefined as >5 mm Hg diastolic over preparturition. 


24 hours after the initial injection of Hemabate sterile 
solution as a guide to the intensity of the elevated blood 
pressure, it was noted that only 10 of the 16 reported 
cases had readings of 290 mm Hg and only 1 patient 
had a postpartum diastolic blood pressure reading as 
high as 110 mm Hg. 


Comment 


These results support the conclusions of previous 
authors that the administration of Hemabate sterile so- 
lution is an effective and safe form of therapy for post- 
partum hemorrhage that is unresponsive to conven- 
tional nonsurgical therapy.** Although the number of 
cases of postpartum hemorrhage as a result of uterine 
atony cannot be directly determined in this study, suc- 
cessful outcomes in terms of control of the hemorrhage 
were achieved directly after the administration of Hem- 
abate sterile solution in 208 (87.8%) cases. Successful 
outcomes were achieved for an additional 17 patients 
with further administration of oxytocics after the Hem- 
abate sterile solution for an overall success rate of 
94.9%. This compares favorably with the success rates 
published by Toppozada et al.* (93.8%), Hayashi et al.’ 
(86%), Buttino and Garite® (84.6%), and the rate of 
success reported in the clinical trials conducted in sup- 
port of the postpartum hemorrhage indication collec- 
tively (87.8%).” 

As in the clinical trials, there were factors in this study 


- that may have played a significant role in the cause of 


the hemorrhage in the cases in which Hemabate sterile 
solution was judged to be ineffective. Among these fac- 
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tors were peripheral coagulopathy, retained products 
of conception, and lacerations present in five of the 12 
pharmacologic treatment failures in this study. There 
is no documented efficacy of Hemabate sterile solution 
in cases of hemorrhage associated with these patholo- 
gies; when such therapy fails the patients must be ex- 
amined closely for other causes of hemorrhage. 

Clark et al.* reported that in a case series of emer- 
gency hysterectomies for obstetric hemorrhage those 
performed for atony had a significant association with 
the following factors: (1) amnionitis, (2) cesarean sec- 
tion because of labor arrest, (3) oxytocin augmentation 
of labor, (4) magnesium sulfate infusion, and (5) in- 
creased fetal weight. Among the pharmacologic treat- 
ment failures in this study, 10 of the 12 patients in- 
volved were first seen with one or more of these risk 
factors for poor outcome. However, no combination of 
factors could be consistently associated with pe 
cologic treatment failures. 

There were differences in both the range and méan 
estimated blood loss between the groups who either did 
or did not respond to Hemabate sterile solution therapy 
in this study as shown in Table III. Hayashi et al.’ re- 
ported similar figures. Of interest were the 57 (24.1%) 
successfully treated patients in this study with estimated 
blood losses of =500 ml; these cases were reported from 
nine different obstetrics units. It is generally accepted, 
though arbitrarily defined, that postpartum hemor- 
rhage exists when the estimated blood loss is >500 ml.° 
However, this study was designed to observe the cus- 
tomary use of drug treatment for the new indication, 
„and no definition for postpartum hemorrhage was 
specified in the protocol. It appears that a clinical de- 
cision was involved in each of these 57 cases in which 
estimated blood loss was <500 ml, which led to the use 
of Hemabate sterile solution. Inasmuch as blood loss 
and replacement can be associated with serious com- 
plications, any mechanism to minimize risk including 
early use of Hemabate sterile solution appears to be 
justified. 

A total of 48 of the 237 patients (20.3%) in this study 
exhibited drug-associated medical events. The profile 
of reported events was similar to the medical events 
reported by Hayashi et al.** and Toppozada et al.’ The 
gastrointestinal events, temperature elevation, and in- 
creased blood pressure level were also reported to be 
the drug-related medical events with greatest frequency 
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in the clinical trials that supported the postpartum hem- 
orrhage indication, collectively.” The incidence of drug- 
associated medical events reported in this study lends 
support to the safety and tolerance of Hemabate sterile 
solution in’ the treatment of postpartum hemorrhage. 
In-summary, parenteral Hemabate sterile solution 
appears very effective for the treatment of severe atonic 
postpartum hemorrhage and has few side effects. Its 
failure should raise suspicion that other pathologies 
such as lacerations and retained products of conception 
are responsible for the postpartum hemorrhage. ` 


This multicenter surveillance study was performed 
by site coordinators at 12 obstetrics. units in collabo- 
ration with staff of the Medication Monitoring Program 
at The Upjohn Company. The 12 centers are Madigan 
Army Medical Center, Tacoma, Wash.; United Hospi- 
tal, Grand Forks, N.D.; William Beaumont Army Med- 
ical Center, El Paso, Tex.; Dallas~Fort Worth Medical 
Center, Grand Prairie, Tex.; University of New Mexico, 
Albuquerque, N.M.; Tarrant County Hospital District, 
Fort Worth, Tex.; K. I. Sawyer Air Force Base Hospital, 
K. I. Sawyer Air Force Base, Mich.; Virginia Regional 
Medical Center, Virginia, Minn.; Beloit Memorial Hos- 
pital, Beloit, Wisc.; Denver General Hospital, Denver, 
Colo.; St. Luke Hospital, Denver, Colo.; and Maricopa 


Medical Center, Phoenix, Ariz. 
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Prediction of fetal anemia by measurement of the mean blood 


velocity in the fetal aorta 


Kypros H. Nicolaides, MD, Caterina M. Bilardo, MD, and Stuart Campbell, MD 


London, England 


in 68 red blood ceil isoimmunized pregnancies the mean velocity of blood in the fetal aorta was measured 
by pulsed Doppler ultrasonography, and the fetal hemoglobin concentration was determined in blood 
samples obtained by cordocentesis. The values were compared to reference ranges of mean aortic 
velocity and hemoglobin for gestation, which were determined from 218 pregnancies that were not 
complicated by fetal hemolysis. In the red blood cell isoimmunized pregnancies there was a significant 
positive correlation between the aortic mean velocity and the hemoglobin deficit for the nonhydropic 
fetuses and a significant negative correlation between these two parameters for the hydropic fetuses. (AM 


J Opstet GynecoL 1990;162:209-12.) 


Key words: Cordocentesis, red blood cell isoimmunization, pulsed Doppler, fetal aortic 


mean velocity, fetal anemia 


In the management of red blood cell isoimmunized 
pregnancies the primary aim is to determine the degree 
of fetal anemia. Prediction of the severity of the disease 
has depended traditionally on the history of previous 
affected pregnancies, the type and level of hemolytic 
antibody in the maternal circulation, and the amniotic 
fluid optical density deviation at a wavelength of 450 
nm, and more recently on ultrasonographic measure- 
ments of the fetus, umbilical vein, and placenta. How- 
ever, fetal blood sampling and measurement of the he- 
moglobin concentration, which provide a direct assess- 
ment of the degree of fetal anemia, have demonstrated 
that these indirect parameters are not consistently re- 
liable." 

In a preliminary report, Rightmire et al.* found a 
significant negative correlation between the hematocrit 
of fetal blood obtained at fetoscopy and the Doppler 
blood velocities in the fetal aorta. The aim of this study 
was to investigate further the relationship between aor- 
tic mean velocity and fetal anemia and to determine 
the clinical value of this Doppler measurement in the 
management of red blood cell isoimmunized preg- 
nancies. 
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Patients and methods 


The study included 68 red blood cell isoimmunized 
pregnant women who were referred to our unit at 17 
to 38 (mean 25) weeks’ gestation for fetal blood sam- 
pling and, if necessary, blood transfusion because they 
were considered to be severely affected on the basis of 
obstetric history and hemolytic antibody levels. The 
technique of cordocentesis and the indications for fetal 
blood sampling in a similar group of isoimmunized 
women have been described.’ The study was cross- 
sectional and the data were derived from fetuses that 
had not yet received transfusions. Gestational age was 
established ‘from the history of the last menstrual pe- 
riod and from an ultrasonographic measurement of the 
fetal biparietal diameter at 16 to 18 weeks. The pres- 
ence or absence of fetal hydrops (skin edema and as- 
cites, pericardial or pleural effusions) was determined 
by ultrasonography at the time of fetal blood sampling. 

Doppler examination of the fetal descending thoracic 
aorta was performed as previously described 1 to 2 
hours before cordocentesis.° A duplexed system, con- 
sisting of a 2 MHz pulsed Doppler probe attached (at 
a fixed angle of 53 degrees) to a 3 MHz linear array 
transducer (model 5000, ADR, Kranzbuhler, West Ger- 
many), was used. Doppler sonograms were recorded in 
the absence of fetal gross body and respiratory move- 
ments. The angle of insonation of the vessel was 45 to 
55 degrees. The intensity-weighted, time-averaged 
mean velocity in two consecutive cardiac cycles was cal- 
culated automatically by a built-in computer from the 
Doppler shifted frequencies displayed in the sonogram. 
The coefficient of variation for this measurement is 
5.9%.” A reference range for aortic mean velocity be- 
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Fig. 1. Reference ránge (mean and 95% confidence intervals) of mean velocity of blood in fetal 
descending thoracic aorta with gestation (n = 218, + = 0.64, p < 0.0001, constant = —5.274, linear 
constant = 1.925; quadratic constant = — 0.026, residual SD = 3.327). 


Table I. Accuracy of aortic mean velocity measurements in predicting fetal hemoglobin deficit 





Fetal hemoglobin deficit gm/dl 






















Cutoff 
valie of 
deviation - 
in aortic 

mean 

velocity 3 3 

.>+2 8D 0% ` 0% 3% 5% 9% 14% 

2+1S8D 6% 10% 15% 23% 33% 44% 
20 32% 35% 54% 58% 68% 78% 
=~I1SD 60% 70% 79% 86% 92% 95% 
2=-2SD 88% 93% 96% 100% 100% 100% 


4 5 10 
22% 31% 42% 53% 64% 81% 88% 
55% 66% 76% 84% 90% 94% 97% 
85% 91% 95% 97% 100% 100% . 100% 
98% 100% 100% 100% 100% 100% 100% 

100% 100% 100% 100% 100% 100% i00% 





tween 18 and 40 weeks’ gestation was. established from’ 
the study of 218 normial pregnancies. 

Fetal blood samples (180 wl) were collected irito 20 
ul of isotonic edetic acid solution (0.5 mmol/L in 0.15 
mmol/L sodium chloride), and the hemoglobin con- 

` centration (grams per deciliter) was determined with a 
Coulter S Plus counter. Results of direct Coombs’ test 
were positive in all fetuses, and Kleihauer-Betke testing 
showed that all simples contained only fetal red blood 
cells. In normal fetuses the hemoglobin concentration 
rises linearly with gestation (hémoglobin = 7.9 + 0.19 
weeks’ gestation) and 1 SD is approximately 1 gm/dl.® 

In the control pregnancies regression analysis was 


used to calculate individual 95% confidence intervals 
for aortic mean velocity with gestational age. In the red 
blood cell isoimmunized pregnancies the observed aor- 
tic mean velocity and hemoglobin in each fetus were 
subtracted from the corresponding normal mean for 
gestation, and subsequently regression analysis , was 
used to calculate the individual 95% confidence inter- 
vals for the relation betwéen the deviation in aortic 
mean velocity and fetal hemoglobin deficit. 


Results 


In the control pregnancies the aortic mean velocity 
increased with gestation and the best fit to the data was 
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provided by a quadratic equation (Fig. 1, » = 218, 
r = 0.64, p < 0.0001, constant = —5.274, linear con- 
stant = 1.925, quadratic constant = — 0.026, residual 
SD = 3.327). 

In the red blood cell isoimmunized pregnancies 
there was an overall positive correlation between the 
fetal hemoglobin deficit and the deviation in aortic 
mean velocity (n = 68, r = 0.464, p< 0.001, con- 
stant = 0.151, slope = 0.913, residual SD = 5.959). 
However, separate analysis of the data from the hy- 
dropic and nonhydropic fetuses revealed a linear 
negative correlation for the hydropic fetuses (n = 
17, r= —0.540, p < 0.05, constant = 59.1, slope = 
~ 5.849, residual SD = 8.511) and a linear positive cor- 
relation for the nonhydropic fetuses (n = 51,r = 0.60, 
p < 0.0001, constant = — 0.368, slope = 1.036, resid- 
ual SD.= 3.621). The regression lines and individual 
values are shown in Fig. 2. 

For the nonhydropic fetuses the accuracy of pre- 
dicting the hemoglobin concentration deficit by mea- 
surement of the aortic mean velocity is shown in Table 
I. If the cutoff level for the aortic mean velocity is set 
at 2 SD above the normal mean for gestation, more 
than 53% of the severely anemic fetuses (hemoglobin 
deficit 7 gm/dl) will be detected and the false-negative 
rate (hemoglobin deficit =2 gm/dl) would be <9%. 


Comment 


In normal pregnancy the mean blood velocity in the 
fetal descending thoracic aorta increases with gestation, 
and this may reflect a progressive increase in cardiac 
output to fulfill the demands of the growing fetus.’ 
After 32 weeks’ gestation the aortic velocity remains 
stable, in contrast to the velocity in the common carotid 
artery, which increases linearly with gestation. Fur- 
thermore, with advancing gestation there is a decrease 
in the impedance to flow in the common carotid artery.’ 
These findings led to the speculation that in the latter 
part of pregnancy a proportionally greater fraction of 
the cardiac output is directed to the fetal brain pre- 
sumably to compensate for the progressive fall in fetal 
blood Po. and increase in Pco..” 

In the nenhydropic fetuses from red blood cell isoim- 
munized pregnancies there is an inverse correlation 
between the hemoglobin concentration and the velocity 
of blood in the descending aorta. If it is assumed that 
in anemia the cross-séctional area of the aorta does not 
change, the increased velocity would reflect an increase 
in blood flow. This finding confirms the prediction, 
from a mathematical model, that in fetal anemia the 
cardiac output is increased to maintain an adequate 
oxygen delivery to the tissues." As in postnatal life the 
correlation between anemia and cardiac output may be 
mediated by an increase in stroke volume caused by (1) 
decreased viscosity leading to increased venous return, 
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Fig. 2. Relation between deviation (A) in aortic mean velocity 
(A = observed aortic mean velocity minus normal mean for 
gestation) and hemoglobin deficit (A = normal mean hemo- 
globin concentration for gestational age minus observed value) 
in 51 nonhydropic (®) and 17 hydropic (O) fetuses from red 
blood cell isoimmunized pregnancies. 


(2) hypoxic peripheral vasodilation and therefore de- 
creased peripheral resistance, and (3) hypoxic stimu- 
lation of chemoreceptors leading to improved myocar- 
dial contractility.’* "° 

In hydropic fetuses the hemoglobin concentration 
deficit was =7 gm/dl and the aortic mean velocity de- 
creased with worsening anemia. These findings suggest 
that in severe anemia there is cardiac decompensation, 
presumably caused by the associated hypoxia and lact- 
acidemia." Alternatively, as with fetal lambs, in the se- 


` verely anemic human fetus there may be a compen- 


satory redistribution in blood flow to the most vital 
organs, such as the brain and heart, and the supply to 
the rest of the body falls. Another possible mechanism 


. for the association of reduced aortic blood flow and 


severe anemia is increased peripheral resistance, which 
results from clogging of placental capillaries with large 
immature red blood cells; when the fetal hemoglobin 
concentration deficit is =7 gm/dl, there is recruitment 
of extramedullary erythropoiesis and an increase in 
circulating erythroblasts.’® l 

In the prediction of fetal anemia the diagnosis of 
hydrops fetalis by real-time ultrasonography identifies 
a group of fetuses with a hemoglobin deficit of =7 


~ 
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gm/dl. In the absence of hydrops the finding of an 
aortic mean velocity above the normal range suggests 
that the fetus is probably anemic, whereas if the aortic 
mean velocity is at or below the normal mean for ges- 
tation, the fetus is unlikely to be anemic (Table I). How- 
ever, there is a large overlap in values, therefore in the 
clinical management of red blood cell isoimmunized 
pregnancies Doppler measurements of the fetal aortic 
mean velocity cannot predict accurately the degree of 
fetal anemia. 
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Intrauterine growth retardation and preterm delivery: prenatal 
risk factors in an indigent population 


Shi Wu Wen, MS; Robert L. Goldenberg, MD, Gary R. Cutter, PhD, 


Howard J. Hoffman, MA,‘ and Suzanne P. Cliver, BA? 


Birmingham, Alabama, and Bethesda, Maryland 


Prenatally ascertained risk factors for low birth weight were evaluated in a population of 17,000 indigent 
women for their specific effect on intrauterine growth retardation and on the rate of preterm delivery. In a 
univariate analysis, intrauterine growth retardation occurred more frequently in women who were black, 
single, primiparous, <17 or >30 years old, short, thin, had a previous preterm delivery, consumed alcohol, 
took drugs, or gained limited weight. Preterm delivery occurred significantly more frequently in women who 
were black, single, thin, <17 or >30 years old, had less than a twelfth grade education, or gained limited 
weight. In logistic regression analyses, race, parity, maternal age, a history of preterm delivery, smoking, 
short stature, low weight, and low weight gain remained significant risk factors of intrauterine growth 
retardation. Of these factors, smoking, short stature, low weight, and low weight gain showed the greatest 
correlation. Factors significantly related to preterm delivery included black race, single marital status, 
younger or older ages, previous preterm delivery, smoking, low weight, and very low or high weight gain. A 
previous preterm delivery and very low maternal weight had the greatest correlation. Identification of 
specific risk factors of both intrauterine growth retardation and preterm delivery should aid in the 
development of strategies to reduce the prevalence of these conditions. (Am J OBSTET GYNECOL 


1990;162:213-8.) 


Key words: Intrauterine growth retardation, preterm delivery, low birth weight 


Low birth weight (LBW) and its two component 
parts, preterm delivery and intrauterine growth retar- 
dation (IUGR), are major predictors of perinatal mor- 
tality and morbidity.! However, because of the frequent 
difficulty in the determination of an accurate gesta- 
tional age, many previous studies that examined risk 
factors of LBW have not tried to distinguish between 
infants who were preterm or IUGR.” Other studies 
have evaluated risk factors of each condition individ- 
ually," but rarely have the risk factors of IUGR and 
preterm delivery been studied in the same population. 
Therefore, we considered it important to examine a 
number of factors previously reported to be associated 
with LBW and to concurrently determine the effect of 
these factors on both IUGR and preterm delivery in 
women in whom a great deal of effort had been given 
to gestational age determination.’ Identification of spe- 
cific risk factors for both IUGR and preterm delivery 
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should aid in the development of strategies and pro- 
grams to reduce the prevalence of these conditions. 


Material and methods 


Women seen for prenatal care and delivered of in- 
fants at the University of Alabama or Cooper Green 
Hospitals in Birmingham, Alabama, from January 1983 
through December 1987 were included in this study. 
Women without prenatal care (<2%), those transferred 
for delivery of infants only, those with diabetes, and 
those whose pregnancies involved multiple births, fetal 
death, and congenital malformation were later ex- 
cluded from the study. As a result, 17,149 deliveries 
were analyzed. Characteristics studied included genetic 
and constitutional factors such as infant sex and ma- 
ternal height, demographic factors such as mother’s 
race, age, educational level, and marital status, obstetric 
factors such as parity and previous preterm delivery, 
nutritional factors such as maternal weight and weight 
gain, and toxic exposures such as cigarette smoking and 
alcohol and drug consumption. 

The data, collected prospectively but examined ret- 
rospectively, came from an automated medical record.® 
Quantification of the amount of cigarette smoking, al- 
cohol, and drugs involved was not available. Height and 
prepregnancy weight were based on patient reports. 
Because many patients did not report a prepregnancy 
weight but nearly all had their weight recorded at the 
first visit, and because the analysis of both measure- 
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Table I. Percentage of the study population with certain characteristics, and of these, the percentage with 


1UGR and preterm delivery 





Characteristic 
Total population 100% 
Race 
White 29.7 
Black Ý 70.3 
Parity 
0 44.1 
1 i 29.9 
>l i 26.0 
Marital status 
Married 38.0 
Unmarried -62.0 
Education (yr) y 
<42 41.1 
12 41.6 
>12 15.8 
Maternal age (yr) 
<17 l 7.5 
` 17-19 22.7 
20-25 : 43.1 
26-30 17.5 
31-35 7.0 
236 2.3 
‘Sex of infant i 
Male 51.2 
Female 48.8 


Previous preterm delivery 
(multiparous women 


only) : 
Yes ; 12.9 
No 87.1 


With characteristic (%) 


IUGR 
(%) Preterm delivery (%) 
7.4 12.6 
6.4* 10.7* 
7.8* 13.3* 
8.4* 12.5 
6.3* 12.3* 
6.6 12.8 
6.67 10.6* 
7.9% i 13.7* 
7.7 "12.8% 
LIS x 12.1* 
7.6 12.2 
8.0* 15.4* 
6.6 13.0 
74t 11.6+ 
7.6 12.9 
8.2* 14.3* 
8.6* 13.4* 
5.9* 12.3* 
9.0* 12.8 
8.9% 26.2* ` 
7.1* 10.5* 


*Categories in which the IUGR or preterm delivery rate was statistically different (p< 0.05) from the category 


marked with +. 


ments produced similar results, weight at first visit was 
used as the index of maternal weight in this analysis. 
Because maternal weight at delivery was not available 
in this data set, we could not calculate an absolute preg- 
nancy weight gain. Instead, we calculated and used the 
average weight gain per week after 20 weeks’ gestation. 

Gestational age was calculated in completed weeks 
from the best estimated date of conception in the pre- 
natal record. The best estimated date of conception was 
usually derived at the first or second prenatal visit and 
is based on all data available including the last men- 
strual period (LMP), ultrasonographic and physical ex- 
aminations, quickening, and auscultation of the fetal 
heart. A preterm delivery was classified as any that 
occurred before 37 completed weeks’ gestation. IUGR 
was calculated as a birth weight at or below the 10th 
percentile for each gestational age with the use of Bren- 
ner’s standard.’ 

The adjusted odds ratios and the 95% confidence 
intervals for various risk factors were calculated from 
two multiple logistic regression models. In the first 
model, factors studied included race, parity, marital 
status, education, maternal age, infant sex, weight gain, 
smoking, alcohol and drug consumption, maternal 


height, weight, and weight gain. In the second model, 


‘designed to evaluate the effect of a previous preterm 


delivery, and therefore restricted to only multiparous 
women, a history of preterm delivery was added to the 
factors examined in the first model. Similar multiple 
logistic regression models were created by race and the 
adjusted odds ratios for white and black women were 
tested for significant differences. Statistical analyses 
were performed by x° or Fisher’s exact test. Significance 
was defined as the probability of a Type 1 error <0.05. 


Results 

Some of the demographic characteristics of the 
17,149 patients available for study and their relation- 
ship to IUGR and preterm delivery are shown in Table 
I. IUGR and preterm rates in this population were 7.4% 
and 12.6%, respectively. There were more black women 
than white women, and there were large percentages 
of unmarried and less educated mothers. Nearly 13% 
of the multiparous women had had a previous preterm 
delivery. 

IUGR and preterm delivery rates for women in var- 
ious demographic categories are shown in the third and 
fourth columns of Table I. Categories in which the 
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IUGR or preterm delivery rate was statistically differ- 
ent (p < 0.05) from the category marked with a plus 
sign (+) are noted with an asterisk (*). In this univariate 
analysis, IUGR was statistically related to black race, 
first birth, unmarried mother, age <17 or >30 years, 
female sex, and a previous preterm delivery. The rate 
of preterm delivery was significantly increased in black 
women, unmarried women, and less educated women, 
but not in first pregnancies or in those with a female 
infant. Compared with age 20 to 25 years, women <17 
or >30 years old had an increased risk of preterm 
delivery. Women with a history of a previous preterm 
delivery had a 26% chance of another preterm delivery 
(p < 0.0001). 

Table II shows the percentage of women who at the 
first prenatal visit claimed to smoke cigarettes, consume 
alcohol, or take drugs and the relationship ‘of these 
characteristics to JUGR and preterm delivery. In this 
univariate analysis, cigarette smoking, alcohol intake, 
and illicit drug use all were significantly related to 
IUGR. Smoking was related to a small but significant 
increase in the preterm delivery rate. However, neither 
alcohol nor drug consumption had a significant effect 
on preterm delivery. In fact, the effect of both alcohol 
and drugs was in the direction of a decreased rate of 
preterm delivery. 

We also examined the relationship of various physical 
characteristics to IUGR and preterm delivery (Table 
III). In this analysis women who were short, low weight, 
or who had low weight gain were generally at in- 
creased risk of intrauterine growth retardation. Ma- 
ternal height had no statistical relationship to preterm 
delivery, but low maternal weight and low weight gain 
were statistically related to preterm delivery. Only when 
the maternal weight gain in the last half of pregnancy 
was >0.75 kg/week did the rate of preterm delivery 
rise significantly. 

In the univariate analysis presented above, factors 
that appear to present risks of IUGR or preterm de- 


livery may simply be surrogates for other factors (stud- - 


ied or not) and confound the results. For example, in 
our population black race, young maternal age, and 
unmarried status tend to be related, as do white race 
and cigarette smoking. To control some of these inter- 
actions, we constructed a multiple logistic regression 
model and examined the factors discussed above. Table 
IV shows the odds ratios for both IUGR and preterm 
delivery for these characteristics. An asterisk indicates 
a significant (p < 0.05) effect for the characteristic 
studied. 

From this model the odds ratios for black race, first 
birth, maternal age >25 years, previous preterm deliv- 
ery, smoking, low maternal height, low maternal 
weight, and low weight gain, were all independently 
and significantly related to IUGR. Marital status, ma- 


Risk factors for IUGR and preterm delivery 215 


Table II. Percentage of the study population 
with certain characteristics, and of these, the 
percentage with IUGR and preterm delivery 


With IUGR] Preterm 
characteristic (%) | (%) | delivery (%) 





Characteristic 

Smoking 

Yes ; 29.4 10.3* 13.3 

No 70.6 6.1* 12.2* 
Alcohol consumption 

Yes 13.2 0.6* 12.0 

No 86.8 ` 7.0* 12.6* 
Drug use 

Yes 3.4 11.2* 10.1 

No 96.6 7.2* 12.6* 





*Categories in which the IUGR or preterm delivery rate 
was Statistically different (p < 0.05) from the category marked 
with +. 


Table III. Percentage of the study population 
with certain characteristics, and of these, the 
percentage with IUGR and preterm delivery 


With IUGR Preterm 
characteristics (%) (%) delivery (%) 


Characteristic 


Maternal height 


(cm) 
<151 3.3 14.5* 12.7 
151-155 12.1 9.7* 13.5 
156-162 39.0 8.1* 12.0 
163-169 - 34.2 6.6 11.0 
2170 11.5 5.2* 12.3* 
Maternal 
weight (kg) “ 
<50 ` 10.6 12.9* 15.7* 
50-60 32.6 8.5* 14.8* 
61-72 ` 28.7 6.4 12.0 
73-84 14.5 5.5 9.7 
285 13.6 4.8* 8.9* 
Weight gain/wk 
(kg) 
<0.24 12.2 9.9* 13.4* 
0.24-0.57 54.4 7.9* 11.1 
0.58-0.74 19.2 5.2* 10.2* 
20.75 14.3 5.7 14.4* 





*Categories in which the IUGR or preterm delivery rate 
was statistically different (p < 0.05) from the category marked 
with +. 


ternal education, and alcohol and drug consumption 
were not statistically related to IUGR in these models. 
However, some of the effects, even though significant, 
were relatively wéak with odds ratios <1.5. Black race, 
first birth, maternal age =31 years, and éven smoking 
had odds ratios between 1.5 and 2. Of all the factors 
studied, the group with an odds ratio >2 included only 
very low maternal height or weight and low weight gain, 
with only low maternal weight gain having an odds ratio 
>2.5. 

With the use of this model, we also evaluated odds 
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Table IV. Adjusted odds ratios of some risk 
factors for IUGR and preterm delivery 
calculated from multiple logistic 

regression models 









Odds ratios 





Risk factors IUGR | Preterm delivery 
Race ; ' ` a 
Black versus white 1.70* 1.35* 
Parity 
First versus second 1.79* 0.96 
Third or more versus 0.87 0.97 
second 
Sex -` 
„Female versus male 1.57* -> 1.07 
Marital status a . 
Unmarried versus married 0.98 1.20* 
Education (yr) . 
<12 versus 212 1.02 1.01 
12 versus 212 1.15 - 0.97 
Maternal age (yr) ; 
<17 versus 20-25 0.76 1.32* 
17-19 versus 20-25 0.72 1.13 
26-30 versus 20-25 1.26* 1.21* 
31-35 versus 20-25 1.51* 1.35* 
236 versus 20-25. 1.95* 1.45* 
Previous preterm delivery 
Yes versus no 1.44* 2.92* 
Maternal smoking : 
Yes versus no 2.00* 1.19* 
Maternal alcohol consumption 
Yes versus no 1.04 0.97 
Maternal drug use uc 
Yes versus no 1.19 0.70* 
Maternal height (cm) : 
<151 versus =170 2.16* 0.80 
151-155 versus 2170 1.45* 0.87 
156-162 versus =170 1.32* 0.93 
163-169 versus 2170 1.14 0.85 
Maternal weight (kg) : 
<50 versus 285 : 3.00% 2.72* 
50-60 versus =85 2.06* 2.33% 
61-72 versus =85 1.55* 1.68* 
73-84 versus =85 1.14 1,23 
Weight gain/wk (kg) 
<0.24 versus 0.58-0.74 2.24% 1.52* 
0.24-0.57 versus 0.58-0.74 1.55* 1.11 
20.75 versus 0.58-0.74 1.25' 1.71*. 





Significant (p < 0.05) differences in the rates of IUGR and 
preterm delivery between the reference population and those 
with the risk factor. 


ratios for preterm delivery. Black race, unmarried sta- 
tus, maternal age <17 or >25 years, previous preterm 
delivery, maternal smoking, low maternal weight, and 
low or very high weight gains were significant risk fac- 
tors for preterm delivery. However, only very low ma- 
ternal weight and previous preterm delivery had an 
odds ratio >2. In this model, parity, education, alcohol 
consumption, and maternal height were not statistically 
related to preterm delivery. History of taking drugs was 
related to a decreased risk of preterm delivery. 
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Because black women tend to have worse pregnancy 
outcomes than those of white women, we wanted to 
determine whether the risk factors studied acted dif- 
ferently by race. Therefore, we created multiple logistic 
regression models by race and tested the adjusted odds 
ratios for IUGR and preterm delivery for significant 
differences between white and black women. Of all the 
risk factors examined, only the effect of smoking on 
IUGR was statistically different. The odds ratio for 
IUGR was 2.98 in white smokers versus 1.78 in black 
smokers. 


Comment 

This study is unique in that it examines risk factor 
data collected prospectively for both IUGR and pre- 
term delivery in a large population. In addition, the 
gestational age data were not solely based on the LMP. 
Instead, gestational age was based on the LMP but mod- 
ified by ultrasonography and other clinical informa- 
tion; therefore this study may more accurately define 
a population of preterm or IUGR infants than studies 
in which the gestational age was determined by LMP 
alone.>* Determination of the gestational age in this way 
in our population shifts the mean gestational age ap- 
proximately 1 week to the left, as compared wiih the 
use of LMP data alone, which tends to raise the preterm 
delivery rate and lower the percentage of IUGR infants. 

In this study, which deals only with an indigent pop- 
ulation, black women had a greater risk of both IUGR 
and preterm delivery than did white women. This find- 
ing held true even’ when many. other factors were con- 
trolled, which suggests that the increased LBW rate in 
black infants reported in many studies is caused by the 
combined effect of IUGR and preterm delivery.’ With 
the use of a single sex standard for IUGR, female in- 
fants had a 1.5-fold increased risk of IUGR, but no 
increased risk of preterm delivery. Our finding of an 
increased rate of IUGR in primiparous women, without 
an increase in preterm delivery, was also consistent with 
earlier reports.” Previous preterm delivery had a mod- 
erate effect on IUGR (odds ratio, 1.44), although as 
expected, the effect of this factor on preterm delivery: 
was even stronger (odds ratio, 2.98).'!” 

When appropriately controlled in the multivariate 
analyses, other demographic factors previously re- 
ported to be related to IUGR, such as low educational 
attainment, unmarried status, and young maternal age, 
had no significant effect in this population. Low ma- 
ternal educational attainment has been established as 
an indirect causal factor of IUGR and preterm delivery 
both in developed and developing countries." The fail- 
ure of this factor to show a significant effect on either 
IUGR or preterm delivery may be explained by the fact 
that the entire population was of low socioeconomic 
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status. Therefore educational level may be a surrogate 
for income level or other resources: In a population 


defined by low income levels, the relationship of edu- 
cational level to pregnancy outcome seen in a more ea 


‘diverse population may not be apparent. 


In this study, maternal alcohol and drug consump- E 
tion were associated with a slight tendency toward- de- a 
: creased fetal growth. The lack of significance in the. `, 


regression analysis was not surprising because we were 


not able to document the quantity of alcohol consumed 


or drugs taken, or whether use of these substances con- 
tinued after the initial prenatal visit. On the other hand, 
in this study drug use at the first- prenatal visit was 


associated with a significantly decreased rate of preterm . * 


delivery. The reason for this association is not apparent. 


Maternal smoking has been repeatedly related to re- 
duced birth weight and an increased LBW rate,'*!> Re- `` 


cent studies have shown that smoking also has some 


effect on the rate of preterm delivery, but the effect “ 
was small compared with its effect on birth ‘weight. 1 


This study shows that maternal smoking during preg- 


nancy had: a.rather strong effect on IUGR (odds ratio, ` E 


1. 98), but a weaker effect on preterm delivery (odds 
ratio, 1.20). Therefore, the major effect of smokirig on 


birth weight was through its effect on fetal growth. In’ | 


this population of indigent women, smoking had a sig- 
nificantly greater effect on fetal growth in white 


women.. However, we did’ not have information about’ `` 


duration of smoking, quantity smoked, or brand. 
Therefore, we could not determine whether these fac- 


tors contributed to the ee effect of smoking K, 


by race. > ” i i 
Maternal height, vari and weight gain have been 


evaluated in a number of studies for their effect on ` 

IUGR, preterm delivery, and especially LBW. Ini this ~~ 
- study, as in others," these measures of body habitus .“. 
and pregnancy outcome were clearly ; related. Women ` 

_ who were very short appeared to have a ‘significantly aE 


greater risk of IUGR, and in general, the shorter the 


woman, the greater the risk of IUGR. In contrast, there. 2 >" 


seemed to be no effect of maternal height on the pre- 


term delivery rate. Maternal weight:and weight. gain © ~ 
had substantial effects on both IUGR and preterm de-' 


livery. For example, low maternal weight at the first 
prenatal visit had the greatest relationship to IUGR, 


_and except for a history of.preterm delivery, low ma: ~ 


ternal weight also had the greatest effect -on preterm 
delivery. Similarly, women with the lowest weight gain 
had the highest risk of IUGR. However, it is of interest 


that when the maternal weight gain in the second half 
of the pregnancy was 20-75 kg. per week, the rate of- ~ 


IUGR and especially the rate of preterm: delivery in- 


creased. We cannot prove from this analysis, but we .. - 


suspect that at least some of the weight gain in these 
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24 ' cases Was a’ result of edema caused by pregnancy- 
`, induced hypertension. The higher rates of preterm de- 
` livery i in these women was probably because of medical 


intervention ñot spontaneous delivery. 
In reviewing this entire analysis we were struck by 


5 the relatively poor predictive value of many of the de- 


mographic. characteristics, as compared with factors 
such- as low. ‘maternal weight, maternal weight gain, and 
smoking. ‘Therefore, this analysis supports the conclu- 
sions of Miller et al.,'*"°?° who viewed low birth weight 
and. especially IUGR as a condition frequently associ- 


, ated with potentially correctable lifestyles. For example, 


cigarette smoking, alcohol consumption, and drug use 


can be stopped, and women can enter pregnancies in 
ng better nutritional condition and gain weight more ap- 


propriately during pregnancy. The excess contribution 
to preterm delivery of single and teenage mothers may 
also be modifiable through education and appropriate 
family planning programs. 
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The tap test: Confirmation of a simple, rapid, inexpensive, and 
reliable indicator of fetal pulmonary maturity | | 


Michael L. Socol, MD 
Chicago, Illinois 


The tap test was previously described, and preliminary experience suggested it might be a rapid, i 
inexpensive, and reliable indicator of fetal lung maturity. In this expanded series of 332 patients delivered 
of infants within 72 hours of amniotic fluid analysis, the predictive values for mature test results at 2, 5, 
and 10 minutes were 98.9% (182 of 184), 97.4% (221 of 227), and 97.1% (233 of 240), respectively. 
Predictive values for immature test results were 41.2% (61 of 148), 54.3% (57 of 105), and 60.9% (56 of 
92). For the phospholipid profile the predictive value was 96.9% (186 of 192) for a mature test result and 
40.7% (57 of 140) for an immature résult. These observations, coupled with its methodologic simplicity, 
make the tap test a good first step in a cascade scheme of tests for fetal lung maturity and a valuable test 
in a facility where the phospholipid profile is not available 24 hours a day. (Am J OBSTET GYNECOL 


1990;162:218-22.) 


Key words: Tap test, fetal pulmonary maturity 


The phospholipid profile is the most accepted test of 
fetal lung maturity.' It has a high sensitivity and pre- 
dictive value for assessing maturity; however, it has only 
modest specificity and a low predictive value for im- 
maturity. Further, the phospholipid profile is a labor- 


intensive and costly test. These limitations prompted ` 


the recommendation by Garite et al.* of a cascade 
scheme, whereby the fastest and simplest test would be 
performed first. Only if this test suggested immaturity 
would additional tests be performed; multiple results 
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Table I. Indications for amniotic fluid analysis 
in 332 patients 





Premature rupture of membranes 106 
Preterm labor 74 
Placenta previa é . 33 
Hypertension 26 
Diabetes 

Class A . 13 

Class B-F 25 
Repeat cesarean section 17 
Isoimmunization 14 
Suspected intrauterine growth retardation 8 
Congenital anomaly 6 
Other : _10 
TOTAL 332 





suggesting immaturity would increase the likelihood 
that the fetus was actually immature. Examples of such 
tests include the shake test,’ fluorescence polarization,* 
and most recently amniotic fluid urea nitrogen? 
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Fig. lIn mature amniotic fluid five bubbles or less remain in the ether (top) layer (A). Bubbles. tn 


the amniotic fluid (bottom) layer are ignored (B). 


The tap test was previously described as a rapid and 
inexpensive measurement of fetal hing maturity.” In 
that preliminary communication, it was found to be 
comparable to the phospholipid profile in predicting 
fetal pulmonary status. The purpose of this publication 
is to relate an expanded experience with the tap test in 


332 patients delivered of infants within 72 hours of 


amniotic fluid analysis. 


Material and methods 

The tap test is performed by mixing approximately 
I ml of amniotic fluid with 1 drop of 6N hydrochloric 
acid (concentrated hydrochloric acid diluted 1:1) and 
then adding approximately 1.5 ml of diethyl ether. The 
16 x 150 mm test tube is briskly tapped three or four 
times, which creates an estimated 200 to 300 bubbles 
in the ether layer. In amniotic fluid from a mature fetus 
the bubbles quickly rise to the surface and break down; 
in amniotic fluid from an immature fetus the bubbles 
are stable or break down slowly. In this study the tap 


test was read at 2, 5, and 10 minutes, with the cutoff 


for maturity set at five bubbles. If no more than five 
bubbles persisted in the ether layer, the results were 
considered mature (Figs, 1 and 2). The occasional bub- 





Table II. Gestational age distribution of 
patients in the study 








g ENF Į 
Respiratory | No respiratory | 
Weeks of distress | distress | 
X ; | x 
gestation syndrome l SYRATOME | Foetal. 
; | | 





26-27 G 2 ti 

28-30 30 5 35 

31-33 21 65 BO 

34-36 5 106 rij 

237 wh 91 dz 
TOTAI 63 








bles that were confined to the amniotic fluid layer and 
not dispersed in the ether layer were ignored, Border- 
line tests were performed in duplicate, and if one read- 
ing was mature, it was considered indicative of fetal 
lung maturity. 


All tap tests were performed by a single investigator 





(M. L. S.) who was unaware of the patient's chnical 
course. The amniotic fuid was obtained by the resident 
house staff, either by amniocentesis or from a freely 
flowing vaginal pool. If the tap test or phospholipid 
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Fig. 2. In immature amniotic fluid the bubbles remain stable (A) or slowly break down (B). More 
than five bubbles persist in the ether layer. 


Table IIL. Comparison of tap test results versus phospholipid profile 














Amniotic fluid sample True mature False mature True immature False immature 














Clear 
Tap test 
2 min 135 2 42 47 
5 min 159 4 40 23 
10 min 162 4 40 20 
Phospholipid profile 139 3 41 43 
Blood-tinged 
Tap test 
2 min 20 0 10 8 
5 min 24 1 9 4 
10 min 26 2 8 2 
Phospholipid profile 19 I 9 9 
Meconitum-stained 
Tap test 
2mm 12 0 I 5 
5 min 13 Q l 4 
10 min l4 0 l 3 
Phospholipid profile 12 0 l 5 
Vaginal pool 
Tap test 
2.min 15 0 8 27 
5 min 25 l J: 1 
10 min 31 l 7 ll 
Phospholipid profile 16 2 6 26 
Total population 
Tap test : 
2 min 182 2 i 61 87 
5 min ane oot ree 6 57 48 
10 min 233 Fee - 56 . 36 


Phospholipid profile 186 6 57 83 
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Table IV. Sensitivity, specificity, and predictive values for the tap test and phospholipid profile 











Clear amniotic fluid samples 


Sensitivity 
Specificity 


Predictive value 


Mature 


Immature 


All samples 
Sensitivity 


Specificity 


Predictive value 


Mature 


Immature 


Validity indicators 


95.5 (42/44) 
74.2 (135/182) 


98.5 (135/137) 
47,2 (42/89) 


96.8 (61/63) 
67.7 (182/269) 


98.9 (182/184) 
41.2 (61/148) 


90.9-(40/44) 
87.4 (159/182) 


97.5 (159/163) 
63.5 (40/63) 


90.5 (57/63) 
82.2 (221/269) 


97.4 (221/227) 
54.3 (57/105) 


90.9 (40/44) 
89.0 (162/182) 


97.6 (162/166) 
66.7 (40/60) 


88.9 (56/63) 
86.6 (233/269) 


97.1 (233/240) 
60.9 (56/92) 





Tap test 221 


Phospholipid 
profile 





93.2 (41/44) 
76.4 (139/182) 


97.9 (139/142) 
48.8 (41/84) 


90.5 (57/63) 
69.1 (186/269) 


96.9 (186/192) 
40.7 (57/140) 


profile could not be performed immediately, the am- 
niotic fluid was refrigerated, but all amniotic fluid was 
analyzed within 24 hours. Before administration of the 
tap test, amniotic fluid that had been contaminated by 
blood or meconium was spun for 5 minutes in a tabletop 
centrifuge at 400 g. Vaginal pool amniotic fluid was 
similarly treated to remove any contaminating mucus. 
Clear amniotic fluid obtained by amniocentesis was not 
centrifuged unless there were large amounts of vernix. 

The phospholipid profile was performed in the hos- 
pital chemistry laboratory by one-dimensional plani- 
metric thin-layer chromatography after centrifugation 
for 5 minutes at 800 g and acetone precipitation.’ Phos- 
phatidylglycerol was qualitatively determined as neg- 
ative, trace, or positive by comparison to a reference 
standard. A lecithin/sphingomyelin ratio of =2:1 or 
the presence of phosphatidylglycerol (trace or positive) 
was considered indicative of maturity. Clinical decisions 
were made by the resident house staff on the basis of 
the phospholipid profile. 

The sensitivity, specificity, and predictive values for 
the tap test and the phospholipid profile were deter- 
mined by comparing the results of these tests with the 
actual incidence of neonatal respiratory distress syn- 
drome. The diagnosis of respiratory distress syndrome 
was made by the attending neonatologist and was based 
on standard clinical, blood gas, and radiologic findings.’ 
These included chest retraction, grunting, cyanosis, a 
need for oxygen supplementation for a mimimum of 
24 hours, and a ground-glass appearance with air bron- 
chograms on chest x-ray film. Gestational age was de- 
termined by the best fit of menstrual dates, ultraso- 
nography (if available), and the Dubowitz examination. 


Results 


The indications prompting amniotic fluid analysis are 
listed in Table I. The gestational age distribution of the 
study population is presented in Table II. Seventy-two 
percent (240 of 332) of the fetuses were delivered be- 
fore term. 


The.results of the tap test and the phospholipid pro- 
file for the subsets (clear, blood-tinged, meconium- 
stained, and vaginal pool amniotic fluid) and the total 
population are listed in Table III. From these data the 
sensitivity, specificity, and predictive values can be cal- 
culated (Table IV). The predictive values for a mature 
tap test from clear amniotic fluid obtained by amnio- 
centesis were 98.5% (135 of 137) at 2 minutes, 97.5% 
(159 of 163) at 5 minutes, and 97.6% (162 of 166) at 
10 minutes; the predictive values for an immature test 
were 47.2% (42 of 89), 63.5% (40 of 63), and 66.7% 
(40 of 60), respectively. For the phospholipid profile 
the predictive values were 97.9% (139 of 142) for a 
mature test result and 48.8% (41 of 84) for an immature 
test result. When the entire population was analyzed, 
the predictive values for a mature tap test result were 
98.9% (182 of 184) at 2 minutes, 97.4% (221 of 227) 
at 5 minutes, and 97.1% (233 of 240) at 10 minutes; 
the predictive values for an immature test result were 
41.2% (61 of 148) at 2 minutes, 54.3% (57 of 105) at 5 
minutes, and 60.9% (56 of 92) at 10 minutes. For the 
phospholipid profile the predictive values were 96.9% 
(186 of 192) for the mature test result and 40.7% (57 
of 140) for an immature test result. 


- Comment 


These data support the previously published prelim- 
inary observation that the tap test can be used as a 
reliable indicator of fetal pulmonary maturity.® Predic- 
tive values for mature tap test results at 2, 5, and 10 
minutes were comparable to those of the phospholipid 
profile. The predictive value for an immature tap test 
result at 2 minutes was also comparable to that of the 
phospholipid profile, whereas an immature tap test re- 
sult at 5 or 10 minutes appeared to be more accurate 
than the phospholipid profile in predicting fetal lung 
immaturity. 

A potential disadvantage of the tap test is that it is 
semiquantitative, with an arbitrary cutoff for maturity. 
Further, the time periods at which the tap test were 
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read were chosen somewhat capriciously, Nonetheless, 
in this prospective study the tap test has been shown 
to be comparable in reliability to the phospholipid pro- 
file in a diverse patient population. It is rapid, inex- 
pensive, and easy to perform and thus a good choice 
for a cascade scheme of fetal lung assessment or for 
use in a facility where the phospholipid profile is not 
available 24 hours a day. 
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The relationship of maternal erythrocyte oxygen transport 
parameters to intrauterine growth retardation 


Edwin G. Brown, MD; Glenn J. B. Mendoza, MD, Frank A. Chervenak, MD,’ 
Bernard Z. Karmel, PhD,* Richard W. Krouskop, MD," Michael H. LeBlanc, MD,‘ 
Robert M. Winslow, MD,’ and George W. Moll, Jr., MD, PhD, 


New York, New York, Jackson, Mississippi, and San Francisco, California 


The relation of fetal growth and maternal oxygen transport as assessed by red blood cell 
2,3-diphosphoglycerate, hemoglobin oxygen affinity, hemoglobin, pH, and Pco, was evaluated in 21 
pregnant women. The study was performed in the third trimester and each subject evaluated had 
sonographic evidence of fetal growth retardation without other obvious abnormalities. Decreased maternal 
2,3-diphosphoglycerate/hemoglobin molar ratio and hemoglobin oxygen affinity were related linearly to the 
birth weight normalized for the expected sea level values of gestational age expressed as a birth weight 
(gestational age—normalized) Z score. The correlation coefficients and p values were r = 0.71, p < 0.001 
and r = 0.67, p < 0.001, respectively. The ponderal index—normalized Z score correlated with the 
2,3-diphosphoglycerate/hemoglobin molar ratio (r = 0.46, p < 0.04), but the relation was not as strong as 
the birth weight—normalized Z score. The crown-heel length/head circumference ratio did not correlate 
with the 2,3-diphosphoglycerate/hemoglobin molar ratio (r = 0.29, NS). The birth weight 

(gestational age)—normalized Z score did not correlate with hemoglobin, Pco,, or pH. In the regulation of 
hemoglobin oxygen affinity, calculations indicated that the 2,3-diphosphoglycerate/hemoglobin molar ratio 
played a highly significant role (p < 0.001), pH was minimally significant (p < 0.025), but Pco, had little or 
no significant effects in this study. It appears that fetal growth is related to the maternal red blood cell 
oxygen transport parameters 2,3-diphosphoglycerate/hemoglobin molar ratio and hemoglobin oxygen 
affinity. Moreover, the 2,3-diphosphoglycerate/hemoglobin molar ratio is the principal regulator 9! 
hemoglobin oxygen affinity. (Am J Osster Gynecol 1990;162:223-9.) 


Key words: 2,3-Diphosphoglycerate/hemoglobin molar ratio, hemoglobin oxygen affinity, 
oxygen equilibrium curve, intrauterine growth retardation, oxygen transport parameters 


During pregnancy, the regulators of maternal oxy- 
gen transport must adjust to the increased oxygen de- 
mands imposed by the growing fetus. Maternal hypox- 
emia likely impairs the ability of the placenta to trans- 
port glucose! and amino acids,? thereby contributing to 
intrauterine growth retardation (IUGR), especially in 
pregnancies complicated by uteroplacental insuffi- 
ciency. Moreover, it has been shown in animal exper- 
iments that severe restriction to uterine blood flow 
results in fetal hypoxemia, impaired tissue oxygena- 
tion, and IUGR.’ It is possible that IUGR related to 
fetal hypoxia results from failure to release growth- 
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promoting factors and/or stunted anabolism caused by 
reduced fetal oxygen consumption.’ 

It is well known that. maternal ventilation increases 
and the hemoglobin concentration decreases during 
pregnancy. Increased ventilation raises arterial oxygen 
tension and compensates in part for the lower hemo- 
globin concentration, At sea level, unless there is lung 
disease, hyperventilation would not significantly affect 
arterial oxygen saturation since it is already nearly max- 
imal. Therefore, if cardiac output is normal, the trans- 
port of red blood cells with sufficient oxygen concen- 
tration to the capillaries should be normal. 

Although maternal capillary blood may have normal 
oxygen tension, fetal hypoxemia is possible if the ma- 
ternal hemoglobin has a higher. affinity for oxygen as 
measured by the P;o (the partial pressure of oxygen at 
which hemoglobin is half saturated). Normally, the Pso 
difference between the mother and the fetus is 10 mm 
Hg (29 and 19 mm Hg).’ Failure to achieve and main- 
tain this difference could cause a reduction in oxygen 
delivery to the fetus that conceivably contributes to 
IUGR. 

Many physicochemical conditions within the red 
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Fig. 1. Regression analysis of birth weight normalized for expected gestational age, expressed as 
birth weight (gestational age)—normalized Z score compared with maternal 2,3-diphosphoglyc- 
erate/hemoglobin molar ratio (2,3-DPG/Hb). ©, Normal infant; O, infant with low-birth-weight IUGR; 
A, ponderal index <3rd percentile; @, low-birth-weight IUGR with skeletal disproportion; Ill, non- 


low-birth-weight IUGR with skeletal disproportion. 


blood cell determine the actual Ps) and thereby the 
ability: of hemoglobin to release oxygen to the tissues. 
The principal regulators of Ps are 2,3-diphosphoglyc- 
erate, pH, and Pco,.*’ The influence of these regulator 
ligands on the Psy can be described in terms of inter- 
action coefficients. Numeric values of the coefficients 
have been determined for physiologic and clinically rel- 
evant ranges.’ Measurement of the regulator ligands in 
maternal arterial blood permits calculation of the Po 
expected in the blood delivered to the uterus and pla- 
centa’ A 
Contrary to the expected elevation of red blood 
cell 2,3-diphosphoglycerate found in normal third- 
trimester control women,*'? MacLennan et al. ob- 
served a reduced 2,3-diphosphoglycerate concentra- 
tion in women who were delivered of stillborn and 
growth-retarded infants. Moreover, Ortner et al 
found the P; in women who were delivered of growth- 
retarded infants to be significantly lower than. values in 
normal pregnant control women. MacLennan et al." 
did not determine pH, Pcos, or Po and Ortner et al.? 
did not measure pH, Pco., or the red blood cell 2,3- 
diphosphoglycerate. It is not possible from either set 
of data to determine the degree to which each ligand 
participates in P, regulation or to what extent each 
ligand is responsible for oxygen transport abnormali- 
ties that might have affected fetal growth. Maternal 
characteristics of red blood cell oxygen delivery could 
be responsible, in part, for alteration of fetal growth at 
sea level. Thus this study was designed to measure the 
principal regulators of red blood’ cell oxygen delivery 


in women with fetal IUGR and relate the findings to 
fetal growth patterns. 


Material and methods 

Mothers. Twenty-one pregnant women at risk for 
IUGR were studied after giving their informed consent 
during the third trimester in the obstetric clinic at the 
Mount Sinai Medical Center in New York City. Thirteen 
were nonsmokers and eight were smokers. The ges- 
tational age of the fetus was estimated by cephalometry 
according to a standardized plane for biparietal di- 
ameter measurement according to the method of She- 
pard and Filly." Fetal growth was monitored by serial 
cephalometry and abdominal circumference. Subjects 
were excluded if they had diabetes mellitus, infections; 
or hemoglobinopathies or if the fetus had chromosomal 
abnormalities. l 

Protocol. The study protocol was approved by the 
Institutional Review Board of the Mount Sinai Medical 
Center, A needle was insėrted into a maternal vein in 
the dorsum of the hand. The hand -was warmed bya 
heating pad to 106° F for 15 minutes to arterialize the 
venous blood, followed by withdrawal of blood. The 
pH and Pco, of the venous blood were measured in a 
Corning 175 blood gas analyzer. Hemoglobin concen- 
tration was determined by Coulter counter and he- 
moglobin electrophoresis was performed ‘on each 
sample. The 2,3-diphosphoglycerate was measured 
in a Bausch and Lomb spectrophotometric 100 spec- 
trophotometer according to the coupled enzyme sys- 


‘tem of the Sigma Chemical Company.’* The 2,3- 
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Fig. 2. Regression analysis of birth weight normalized for expected gestational age expressed as 
birth weight gestational age—normalized Z score compared with maternal Pz. ©, Normal infant; O, 
infant with low-birth-weight IUGR; 4, ponderal index <3rd percentile; @, low-birth-weight IUGR 
with skeletal disproportion; Ml, non-low-birth-weight IUGR with skeletal disproportion. 


diphosphoglycerate values were expressed in moles 
per mole of hemoglobin. A computer program written 
in Fortran was used to determine the P, from the 
blood 2,3-diphosphoglycerate/hemoglobin molar ratio, 
pH, and Pco,.’ 

Infants. Measurement of the birth weight, length, 
and head circumference and clinical estimation of the 
gestational age were carried out by the hospital per- 
sonnel on each infant born to the study subjects. The 
gestational age was assessed according to the Ballard 
technique at'the time of the newborn examination.” 
The adequacy of growth was assessed by normalizing 


birth weight by use of the mean and standard deviation’ 
for gestational age obtained from the sea level birth _ 


weight standards of Brenner et al.'® The ponderal in- 
dex and crown-heel length/head circumference ratio 
were similarly normalized to the gestational age stan- 
dards published by Miller and Hassanein.'® Normalized 
values were expressed as a Z-score transformation of 
birth weight or ponderal index. All measurements 
were made within 24 hours of birth. IUGR was defined 
as a birth weight < 10th percentile, a ponderal in- 
dex < 10th percentile, and/or evidence of skeletal dis- 
proportion where the crown-heel Jength/head circum- 
ference ratio was <1.36 or >1.54 (145 + 2 x SD 
[0.045]). The infant’s normalized birth weight Z score 
was compared with the respective maternal 2,3- 
diphosphoglycerate/hemoglobin molar ratio, Po pH, 
PCO; and hemoglobin. The normalized ponderal index 
Z score and crown-heel length/head circumference 
ratio were compared with the 2,3-diphosphoglycer- 
ate/hemoglobin molar ratio. Regression analyses were 


used to compare birth weight Z score and ponderal 
index Z score to 2,3-diphosphoglycerate/hemoglobin 
molar ratio, 

Statistical methods. The relation between maternal 
oxygen transport parameters and normalized infant 
growth characteristics and the effects of the regulator 
ligands 2,3-diphosphoglycerate/hemoglobin molar ra- 
tio, pH, and Pco, on Ps) were analyzed by means of 
linear or multiple regression analysis. Analysis of var- 
iance was used to.determine the significance of regres- 
sion coefficients or differences between means for im- 
portant population data. i 


Results 


Maternal characteristics related to infant growth 
characteristics. There was no evidence in our sample 
of patients that the weights of babies born to smoking 
mothers were significantly different from those of ba- 
bies of nonsmokers (2586 + 493 vs, 2234 + 594 gm, 
respectively; NS). There was a significant relationship 
between the maternal 2,3-diphosphoglycerate/hemo- 
globin molar ratio and the birth weight (gestational 
age)—normalized Z score (r = 0.71, p < 0.001). The 
distribution of the data is shown in Fig. 1. The more 
negative the Z score, the lower the maternal 2,3- 
diphosphoglycerate/hemoglobin molar ratio. Signih- 
cantly lower Ps, values were found in women whose 
infants had a lower birth weight gestational age— 
normalized Z score (r = 0.67, p < 0.001) (Fig. 2). Al- 
though somewhat weaker, the relationship between the 
maternal 2,3-diphosphoglycerate/hemoglobin molar 
ratio and the ponderal index gestational age—normal- 
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Fig. 3. Regression analysis of ponderal index (gestational age)—-normalized Z score compared with 


maternal 2,3-diphosphoglycerate/hemoglobin molar ratio (2,3-DPG/ Hb). ©, Normal infant; O, infant 
with low-birth-weight IUGR; 4, ponderal index <3rd percentile; @, low-birth-weight IUGR with 


skeletal disproportion; W, non-low-birth-weight IUGR with skeletal disproportion. 


Table I. Regression analyses and analyses of 
variance of Ps, compared with independent 
variables 2,3-diphosphoglycerate/ hemoglobin 
molar ratio, pH, and Pco, 










Regression analysis Analysis of 
on Pso variance 


Squared F 

multiple r ratio 
2,3-DPG/Hb 0.98 0.96 489.22 <0.001 
pH 0.49 0.24 . 5.88  <0.025 
PCO, 0.09 0.01 0.17 0.68 





2,3-DPG/Hb, 2,3-Diphosphoglycerate/hemoglobin molar 
ratio. 


ized Z score was significant (r = 0.46, p < 0.04). The 
distribution of the data is shown in Fig. 3. However, 
stepwise linear regression showed that the ponderal in- 
dex gestational age—normalized Z score, although sig- 
nificantly related to the 2,3-diphosphoglycerate/he- 
moglobin molar ratio, added almost no additional 
variance (<1%) to explain the relationship of the 
2,3-diphosphoglycerate/hemoglobin molar ratio and 
the birth weight gestational age—normalized Z score. 
Also the crown-heel length/head circumference ratio 
by itself showed no significant correlation with the 
2,3-diphosphoglycerate/hemoglobin molar ratio (r = 
~ 0.29, NS). These data suggest that variations in mater- 
nal oxygen transport mainly affected birth weight and 
that any variations observed in ponderal index that were 


due to 2,3-diphosphoglycerate/ hemoglobin molar ratio 
could be predicted by its correlation with birth weight. 

There was a nonsignificant negative correlation 
(r = —0.33) between maternal hemoglobin concentra- 
tion and the birth weight gestational age—normalized 
Z score. No significant correlation was observed be- 
tween the birth weight gestational age—normalized Z 
score, pH, and Pco,. From Table I, it is evident that 
Po was dependent mostly on the 2,3-diphosphoglycer- 
ate/hemoglobin molar ratio (r = 0.96, p < 0.001). The 
allosteric effects of pH on P were less significant 
(r = 0.24, p < 0.025) and the Pco, had no significant 
effects on Po 

Infant characteristics. The mean birth weight of the 
21 infants was 2368 + 572 gm with a range of 1040 
to 3240 gm. The mean gestational age was 37 + 
2 weeks and the range was 31 to 40 weeks. Eight in- 
fants (38%) had normal growth characteristics for ges- 
tational age. Thirteen infants (62%) were identified as 
having IUGR and were subdivided into two. groups 
consisting of 10 with low-birth-weight IUGR (48%) 
and 3 with non-low-birth-weight IUGR (14%) (Ta- 
ble II). Skeletal disproportion was found in all three of 
the non-low-birth-weight IUGR infants. Seven infants 
(70%) with low-birth-weight IUGR were smaller in 
both length and head circumference and two in- 
fants (20%) with low-birth-weight IUGR had an ab- 
normally low ponderal index. Skeletal disproportion 
was found in one of the infants with low-birth-weight 
IUGR. 
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Comment 

The important finding of this study is the relation 
between intrauterine growth characteristics of the fetus 
and the maternal red blood cell oxygen delivery system. 


The red blood cell 2,3-diphosphoglycerate/hemoglo- . 


bin molar ratio and the P, are related significantly to 
intrauterine growth. 

It has been recognized that 2,3-diphosphoglycerate, 
pH, and Pco, exert important effects -on the posi- 
tion (Ps) and the shape of the oxygen equilibrium 
curve.” ° ?! The ability to calculate the Psp accurately 
from measurements of 2,3-diphosphoglycerate/he- 


moglobin molar ratio, pH, and Pco, made it possible ` 


to evaluate the red blood cell oxygen transport of the 
subjects in this study in their actual physiologic state.’ 
The Po of the maternal subjects examined in this 
way was lower or shifted to the left in relation to 
the degree of intrauterine growth retardation. More- 
over, the position of the P,» was affected primarily by 


the 2,3-diphosphoglycerate/hemoglobin molar ratio ` 


with a minor effect from pH and no significantly mea- 
surable effects from Pco,. These data agree with 
those of MacLennan et al.,!! who observed lower 2,3- 
diphosphoglycerate values in pregnancies resulting in 
IUGR. Also, the data agree with those of Ortner et al.,° 
who found that maternal Po tended to be lower in 
pregnancies with IUGR. The results of the present in- 
vestigation suggest that the lower Po observed by 
Ortner et al. probably resulted from the effects of 
a decrease in 2,3-diphosphoglycerate. Likewise, the 
lower 2,3-diphosphoglycerate concentration observed 
by MacLennan et al.'' probably would be associated 
with a lower Ps» value. 

Three traditional indexes of growth were used to 
measure the intrauterine growth characteristics of the 


infants in this study (see Table II). Several types of — 


growth abnormalities were identified with these in- 
dexes. It was readily apparent that if birth weight cri- 
teria alone were used, the three infants with non-low- 
birth-weight IUGR representing 23% of infants with 
IUGR would have been overlooked. Of interest, the 
maternal 2,3-diphosphoglycerate/hemoglobin molar 
ratio was quite low in two of these three infants (Fig. 
1). Despite the fact that 70% of the infants with low- 


birth-weight IUGR were significantly small (short stat- 


ure and a small head circumference), two infants with 
low-birth-weight IUGR were markedly undernour- 


ished (an abnormally low ponderal index), and one: _ 


infant with low-birth-weight IUGR had an abnormally 
low crown-heel length/head circumference ratio (Ta- 
ble II), the 2,3-diphosphoglycerate/hemoglobin molar 
ratio and P, correlated best with the normalized 
birth weight index. Stepwise multiple regression anal- 
yses indicated that ponderal index and crown-heel 
length/head circumference ratio adds little informa- 
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tion to that already established between birth weight 
and 2,3-diphosphoglycerate/ hemoglobin molar ratio. 
Maternal oxygen transport abnormalities were re- 
flected more in the respective birth weights than in the 
other growth indexes. It is possible that a larger sample 
size might have shown important differences between 
the maternal oxygen transport abnormalities and these 
other growth indexes. 

The reason why the 2,3-diphosphoglycerate/hemo- 
globin molar ratio and P; are related to intrauterine 
growth is not clear. Perhaps a clue can be found in the 


` study of Madsen and Ditzel,” who observed a direct 
.correlation between 2;3-diphosphoglycerate and serum 


estriol levels in pregnant women with diabetes. They 


_ incidentally noted that their observations are consistent 


with the finding of reduced levels of serum unconju- 
gated estriol and 2,3-diphosphoglycerate levels in pa- 
tients with placental insufficiency. Daikoku et al.” re- 
ported a trend to a low estriol/creatinine ratio in 
low-birth-weight and non-low-birth-weight IUGR but 
not in pregnancies of normal growth. Unfortunately, 


they did not report 2,3-diphosphoglycerate/hemoglo- 


bin molar ratios or P; values. Serum unconjugated es- 
triol level might participate in mechanisms that are re- 
sponsible for oxygen release to the tissues. If estrogen 
or its analogs are indeed involved in red blood cell 
oxygen transport, it is logical that any interference with 
fetal-placental-maternal estrogen metabolism could ad- 
versely. alter maternal oxygen transport, thereby in- 
creasing the risk for intrauterine growth retardation. 
The present investigation suggests that low-birth- 
weight and possibly non-low-birth-weight IUGR are re- 
lated to reduced red blood cell 2,3-diphosphoglyc- 


_ erate/hemoglobin molar ratio and the effects on Ps». 


Although the effects on Po by pH appear to be minimal 
and there are no apparent, significant effects associated 
with PcOs, it should be pointed out that the pH and 
Pco. measurements were done on arterialized venous 
blood" because arterial sampling was not acceptable in 
this experimental protocol. However, on the basis of 
the data of the Forster et al." technique, which was 
used in this study, it would be expected that the average 
venous Pco, would be 1.0 mm Hg higher than the 
arterial value and the venous pH would be 0.005 pH 
units lower than the arterial value. They reported, with 
Pco., that 65% and 85% of the differences between 
arterial and venous sampling sites are <2 and 3 mm 
Hg, respectively, but 5% of the differences fall in the 
4 to 7 mm Hg range. These discrepancies are not ex- 
plainable by any known errors in technical analysis, 
sampling techniques, or heating of the hand, although 
each of these factors represents a potential source of 
serious error. This technique has been used in pregnant 
women, but there are no available comparisons with 
arterial blood.** Arterial blood would be preferred for 
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Table II. Newborn growth characteristics 





















Normal 
(n = 8) 


Low birth weight 
IUGR (n = 10) 


Non-low-birth-weight 


Characteristic IUGR (n = 3) 






Birth weight < 10th percentile . 0 10 (100%) oo 
Crown-heel length/head circumference ratio 0 1 (10%) 3 (100%) 
(1.45 + 2-SD [0.045]) 


<1.36 or >1.54 





Ponderal index < 10th percentile . 0 2 (20%) 0 
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Intrauterine growth and spastic cerebral palsy 


I. Association with birth weight for gestational age 


Eve Blair, PhD, and Fiona Stanley, MD, MSc, MFCM 


Nedlands, Wesiern Australia 


Birth weight, gestational age at delivery, and other factors were collected for 171 white children with 
spastic cerebral palsy. Their birth weights were compared with the birth weight distribution expected for a 
population of the same race, gestation, sex, maternal height, and parity, born in the same geographic 
area, and during the same time period. Birth weights of children with spastic cerebral palsy tended to be 
significantly lower than the median birth weight of their comparison population. Analysis stratified by 
gestation at delivery suggested that if the reduced birth weight were causally associated with the spastic 
cerebral palsy, 22% of cases were attributable to being below the 10th percentile of the comparison 

' population birth weight distribution. The risk of spastic cerebral palsy associated with poor intrauterine 


growth was dependent on gestation at delivery; poorly grown infants delivered between 34 and 37 weeks’ 
gestation were at highest risk. Some probable pathways by which growth retardation could result in brain 
damage (intrapartum hypoxia, hypoglycemia, and hypothermia) were investigated. Only intrapartum 

hypoxia may have played a causal role but probably accounted for <2% of all cases. These data suggest 


that spastic cerebral palsy is associated with poor intrauterine growth in infants of more than 33 weeks’ 


gestation, but no important causal mechanism has yet been identified. (AM J OBSTET GYNECOL 


1990;162:229-37), 


Key words: Spastic cerebral palsy, SGA, population-based comparative study 


Spastic cerebral palsy is a collection of motor dis- 
abilities that have often been attributed to intrapartum 
problems. Recent work has suggested that a smaller 
proportion of cases of cerebral palsy may result 
from perinatal damage to the brain than previously 
thought," * and that the majority of cases of cerebral 
palsy originate in the antepartum period. However, ex- 
cept for a few well-documented causes, such as mater- 
nal iodine deficiency,’ exposure to methyl mercury,' 
and rubella infection,’ there are few obvious hypotheses 
to pursue. 
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Abnormal intrauterine growth is a marker of a sub- 
optimal intrauterine environment and can be inferred 
from birth weight, morphology at birth, and gestational 
age at delivery. Poor intrauterine growth usually results 
in lower than expected birth weight for gestation 
(termed small for gestational age, SGA). Studies of the 
relationship between SGA infants and cerebral palsy 
have not produced consistent results. This may have 
been a result of methodologic problems, such as in- 
adequate control of potential confounders, particularly 
gestational age at delivery, and other factors, such as 
twinning. Small sample size, heterogeneity of cerebral 
palsy samples, and varying criteria for SGA also ham- 
per comparisons. This article is one of a series from a 
study conducted to test the hypothesis that abnormal 
intrauterine growth is associated with spastic cerebral 
palsy in which we attempted to address such method- 
ologic problems. 

In this article the prevalence of certain neonatal com- 
plications frequently observed in SGA infants and also 
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Table I. Ascertainment of gestational age: 
numbers of cases by supporting evidence, in 
descending order of reliability 





Cerebral 
palsy cases 






Evidence for gestational age at delivery 


Ultrasonogram at <16 wk or certain LMP 67 39.2 
with regular cycle (not a pill withdrawal 


bleeding) , 
Clinical assessment at <12 wk . 5 2.9 
Dubowitz of >32 wk in specialist hospital - 22 12.9 
Dubowitz of <33 wk/other pediatric as- 22 12.9 
sessment 


LMP of unrecorded certainty/date of de- 40 23.4 
livery estimated by general practitioners 
from unrecorded data at first visit 


Uncertain LMP/LMP with irregular 4 2.3 
cycle/LMP resulting from pill with- 
drawal 
No recorded evidence for gestational age _11 6.4 
3 171 100.0 


LMP, Last menstrual period. 


associated with cerebral palsy (intrapartum hypoxia, 
neonatal hypothermia, and hypoglycemia) was mea- 
sured in cases and controls, controlling for gestational 
age and intrauterine growth, to assess whether these 
factors. may have been pathways by which SGA led to 
cerebral palsy. 
The distribution of neonatal crown-heel length, pon- 
deral index, and the ratio of length to head circum- 


ference, which also measure appropriateness of intra- 


uterine growth, will be reported in a later article. 


Material and methods ` 


Case selection. Cases were selected from the 
Cerebral Palsy Register of Western Australia. This 
population-based register uses multiple sources of as- 
certainment of cerebral palsy cases, for whom data are 
regularly added until they reach the age of 5 years.® 
Cases were eligible for the study if they were a singleton 
or twin born to a white mother between 1975 and 1980 
inclusive, had spasticity mentioned in the final descrip- 
tion of motor disorder, and the cause was not recorded 
as postneonatal. Of the 180 cases meeting these criteria, 
nine (4.9%) were excluded because records were miss- 
ing or because they were identified by the Register after 
data collection for this study had ceased. These did not 
differ significantly from the remaining 171 study cases 
with respect to sex, gestational age at delivery, propor- 
tion below 2500 gm birth weight, percentile birth 
weight distribution, severity, or description of cerebral 
palsy. 

Control selection. Three controls, matched for birth 
weight, sex, plurality, and year of birth, were selected 
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for each case from the total Western Australian white 
population of live births that survived the neonatal pe- 
riod. The Western Australian Midwives’ notification of 
births data were used as the sampling frame.’ This is 
a statutory collection of data on all births of at least 20 
weeks’ gestation or 400 gm birth weight in Western 
Australia. Comparisons were made with these controls 
when the variables being compared were not available 
for the entire population in the Western Australian 
Midwives’ data. : 

Data collection. The following data items were -ex- 
tracted for all study subjects from hospital and medical 
records: infant sex and plurality; maternal height, and 
number of previous pregnancies of more than 20 
weeks; any factor that might affect intrauterine growth; 


- any evidence of intrapartum hypoxia, neonatal hypo- 


thermia or hypoglycemia; birth weight, crown-heel 
length, head circumference, and all data helpful for 
the assessment of gestational age at delivery. When data ` 
for gestational age conflicted, priority was given ac- 
cording to the list in Table I. To reduce bias, the person 
collecting and coding the data was unaware of the sub- 
ject’s case or control status. 

Categorization of intrauterine growth. The birth 
weight of each subject was compared with charts of 
birth weight distribution by gestation expected for the 
Western Australia live-born, white, singleton popula- 
tion. These charts were drawn by sex, maternal height 
(terciles), and parity (first or subsequent birth).* Sub- 
jects were categorized as below 3rd, 3rd to <10th, 10th 
to <50th, 50th to 90th, or above 90th percentile of that 
distribution, and these categories are hereafter re- 


. ferred to as the percentile birth weights. The exclusion 


of the 23 nonwhite cases from this analysis was nec- 
essary because charts of birth weight for gestation spe- 


cific to their races were not available. 


Percentile values are only valid measures of intra- 
uterine growth for individual values in areas of the 
birth weight distribution with reasonable numbers and 
are not useful when considering extremes of the dis- 
tribution. To quantify extreme growth deficit the 
“proportion of expected birth weight” was calculated 
as: Birth weight x 100%, where the “expected birth 
weight” was taken as the median birth weight of the 
Western Australia live-born, white, singleton popula- 
tion of the same gestation, sex, maternal height, and 
parity. For comparison purposes, with this method the 
3rd percentile represents approximately 77% of ex- 
pected birth weight. . 

The birth weight distribution was found to be Gaus- 
sian for a population born between 40 weeks and 40 
weeks and 6 days’ gestation. It was assumed that within 
each postconceptional week the fetal-neonatal body 
weight distribution would be Gaussian and that, fur- 
ther, its standard deviation would be proportional to 
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Fig. 1. Odds ratios and 95% confidence intervals against SGA cases belonging to the normal birth 
weight distribution compared with cases >85% of expected birth weight (equivalent to >10th per- 


centile birth weight). 


the median body weights,° enabling the proportion of 
live births theoretically expected to lie within each cat- 


egory of percentile birth weight (or proportion of ex- | 


pected birth weight) to be calculated and compared 
with the proportion of spastic cerebral palsy cases ob- 
served in that category. Variation of risk of spastic ce- 
rebral palsy with intrauterine growth was estimated by 
calculating odds ratios and 95% confidence intervals 
for each percentile birth weight category relative to the 
10th to <50th percentile category, using maximum 
likelihood analysis.’ Analysis was repeated stratified by 
sex, gestation, and description and severity of motor 
disorder. 

Our ability to determine normal intrauterine growth 
for the total population is limited by the data available, 
which are cross-sectional data concerning birth weight 
and gestational age, rather than longitudinal data con- 
cerning body weight and gestational age. Infants born 
before or after term tend to be smaller for gestation 
than those born at term. Thus, although our charts 

provide an adequate comparison for cases born’at term, 
they tend to underestimate mean body weight at ges- 
tations other than term. 

Population-attributable risks overestimate the etio- 
logic importance of the associated factor if the observed 
association is not totally causal but partially a result of 
confounding; however, to demonstrate the maximum 
impact of SGA on the incidence of spastic cerebral 
palsy, the percentage of cases attributable to being 
poorly grown was estimated by calculating population- 
attributable risks, using the odds ratio estimate of risk 


relative to infants between the 10th and 90th percentile 
birth weight. 
Comparison of antecedent risk factors for SGA in 


‘cases and controls of <3rd percentile birth weight. 


The frequencies of a variety of maternal and pregnancy 
factors sometimes associated with being SGA were com- 
pared between cases and controls of <3rd percentile 
birth weight. Confounding by gestation was controlled 
for by stratification and odd ratios, and their 95% con- 
fidence intervals were calculated, by means of exact 
conditional maximum likelihood analysis’ because the 
numbers of exposed subjects were small. 

Risk of spastic cerebral palsy associated with neo- 
natal hypothermia, hypoglycemia, or clinical signs of 
birth hypoxia, by percentile birth weight. Two cate- 
gories of clinical signs associated with birth hypoxia 
were defined as follows: (1) any signs of fetal distress 
and a |-minute Apgar score <7 (or <5 if <1500 gm 
birth weight) or >2 minutes to spontaneous respiration 
(but excluding those <1500 gm infants who were im- 
mediately intubated and long-term ventilated); (2) in- 
fants meeting criteria No. 1 and either with a fetal 
bradycardia of <120 beats/min or with >4 minutes to 
spontaneous respiration. 

Neonatal hypothermia was defined as a body tem- 
perature <35.6° C at any time from birth to discharge, 
and hypoglycemia was defined as a blood glucose level 
of <1.7 mmol/L in the first hour or <2.2 mmol/L after 
48 hours of age. 

Neonatal hypoxic signs, hypothermia, and hypogly- 
cemia are all inversely associated with both gestation 
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Fig. 2. Odds ratios and 95% confidence intervals for spastic cerebral palsy by percentile birth weight 


and gestation at delivery. 


Table II. Odds ratio for spastic cerebral palsy by SGA category (relative to 10th to 90th percentile birth 
weight) and population attributable risks of SGA by gestation at delivery 






Gestation at delivery 





, (completed wh) 
All 6.48 4.2-11 14.1 (8.6-22) 
>37 5.25 2.8-9.8 11.3 (5.0-21) 
34-37 ' 19.56 8.1-47 35.8 (17.6-58) 
<34 1.98 0.3-9.8 


9.86 (0:21) 


Percentile birth weight 
95% Confidence Population 95% Confidence 
Odds ratio interval aitributable risk (%) | Odds ratio interval attributable risk (%) 













<10th _ | 10th to 90th 


Population 





3.81 2.7-5.5 21.9 (14.5-31) 1 
3.27 2.0-5.2 18.5 (9.4-30) ; 1 
10.1 4.9-21 47.7 (30-68) 1 
1.48 0.5-4.3 4.58 (0-25) 1 





and percentile birth weight, as is spastic cerebral palsy. 
Therefore both gestation and percentile birth weight 
must’be controlled for in the estimation of risk of spastic 
cerebral palsy associated with these perinatal factors. 
This was achieved by analysis of all matched case- 
control sets by conditional logistic regression," with ges- 


tation and percentile birth weight as main effects in the ~ 


regression equation as well as the factor of interest. The 
coefficient of the interaction term between percentile 
birth weight and the factor of interest was then esti- 
mated. This coefficient is the natural logarithm of the 
additional risk of cerebral palsy incurred by SGA- in- 
fants over and above that of AGA infants on account 
of hypothermia (hypoglycemia or hypoxia) when these 
conditions are present. For example, if a part of the 
risk of spastic cerebral palsy associated with being SGA 
were caused by hypothermia, the interaction coefficient 
would be positive, indicating that the risk associated 
with being SGA would increase if the subject were also 


5 hypothermic. 


+ 
+ = feet 


Because interaction terms seldom reach statistical sig- 
nificance in-small data sets, particularly when control- 
ling for multiple confounders, alternative analyses were 
also done. The gestational age distribution of cases of 
<10th percentile birth weight was similar to that of all 
controls with <10th percentile birth weight, as shown 
in the Appendix. Therefore the odds ratios and 
population-attributable risks associated with hypother- 
mia and hypoglycemia could be estimated in this SGA 


` group with little confounding by gestation. These es- 


timates of odds ratio were compared with those ob- 
tained by matched analysis for the 10th to 90th per- 
centile birth weight group. A different approach was 
possible for intrapartum hypoxia. 
Distribution of percentile birth weight in cases 
likely to have been caused by intrapartum hypoxia. 
The distribution of percentile birth weights of the 14. 
white cases whose disability we attributed to intrapar- 
tum hypoxia? was compared with that of other cases 
and with the population distribution by estimating odds 
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Table ITI. Odds ratios for spastic cerebral palsy by percentile birth weight relative to 10th to 90th 
percentile birth weight statified by sex and plurality 














Percentile birth weight category 













10th to 90th > 90th 





3rd to 10th — 


















95% Confidence 


interval 


95% Confidence 
interval 


95% Confidence 
interval 












Odds ratio Odds ratio 


» All 6.42 4.1-10.1 2.65 1.7-4.2 1 0.67 0.3-1.4 
Males 6.67 3.8-11.7 2.86 1.6-5.0 1 0.59 0.2-1.5 
Females 6.00 2.7-12.9 2.29 1.0-5.1 1 0.80 0.2-2.3 
Singletons 6.15 3.8-9.9 2.53 1:6-4.1 1 0.69 0.3-1.4 
Twins 13.33 1.7-84 5.71 0.7-36 I No cases 








Table IV. Numbers of cases and controls below 3rd percentile birth weight with odds ratios for spastic 
cerebral palsy associated with antecedents of poor intrauterine growth, by gestational age 













Gestational age at delivery 













>37 Completed wh 


95% Confidence 
interval 


34-37 Completed. wh 


95% Confidence 
interval 














Odds ratio 





Total 11/46 : 13/50 

Antecedent ‘ 
Urinary tract infection 1/12 0.29 0.01-2.4 ` 0.4 2/7 1.1 0.1-7 1.0 
Other infections 1/3 1.4 0.02-20 1.0 1/2 2.0 0.03-41 0.5 
Twinning 2/2 4.7 0.3-73 0.2 0/4 0 0-6 0.6 
Maternal age >34 years 0/5 0 0-4.7 0.6 4/2 10.1 1.2-127 0.014+ 
Antepartum hemorrhage 2/10 0.80 0.07-4.9 1.0 2/9 0.8 0.08-5 1.0 
Preeclampsia 5/22 0.91 . 0.2-4.2 1.0 4/14 1.1 0.2-5 1.0 
Miscarriage 3/13 0.95 0.1-4.8 1.0 4/10 1.8 0.3-8 0.5 
Oligohydramnios 2/1 9.4 0.5-602 0.09 1/0 œ 0.1-0 0.2 
Placental/cord anomaly 0/1 - 0 0-163 1.0 0/3 0 0-10 1.0 
Poor placental conditionł, 5/8 : 3.8 0.7-20 0.1 3/6 2.2 0.3-12.5 0.4 
Placental separation 0/5 0 0-4.7 0.6 0/4 0 0-6 0.6 
Congenital anomaly 0/7 0 0-2.9 0.3 0/2 0 0-21 1.0 
TORCH infection 0/2 0 0-23 1.0 1/0 œ Q. 1-00 0.2 





TORCH, Toxoplasmosis, Rubella, Cytomegalovirus, Herpes, or other virus infection reported in the index pregnancy. 
*Number of cases/number of controls. l 

tSignificant at p < 0.05 level. 

Placenta described as macerated,-necrotic, or infarcted. 


cases (2675, 2560, and 2515 gm birth weight, respec- 
tively) were excluded because the data concerning ges- 
tation at delivery were considered too unsatisfactory to 
estimate percentile birth weight. 


ratios with maximum likelihood analysis’ and calculat- 
ing attributable risks. 


Results 


Of the 171 cases 63.7% were male, and 4.7% were 
twins. The motor handicap was purely spastic in 88.3%, 
with hemiplegia in 37.4%, diplegia in 38.3%, and quad- 
riplegia in 14.6%. The remaining cases were spastic in 
addition to being athetoid (5.3%), dystonic (4.7%), or 
primarily ataxic (1.8%). The severity was classified as 
mild in 48.0% of cases, moderate in 30.4%, severe in 

. 17.5%, and unknown in 4.1%. Sixty-eight cases (39.8%) 
were born before 37 completed weeks of gestation, in- 


Comparison of percentile birth weights of cases 
with live-born population norms. Fig. 1 shows the risk 
of. spastic cerebral palsy increased exponentially with 
decreasing proportion of expected birth weight. 

Percentile birth weight by gestational age. The odds ratios 


- for, spastic cerebral palsy by percentile birth weight cat- 


egory stratified by gestational age at delivery are shown 
in Fig. 2. For infants of >37 weeks, odds ratios for 
spastic cerebral palsy were significantly inversely re- 


cluding 7.0% born before 30 weeks; 39.8% had birth 
weights <2500 gm, including 7.6% <1500 gm. Three 


lated to birth weight percentiles below the 10th per— = 
centile. Above the 10th percentile odds ratios wore Be) BED 
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Table V. Distribution of cases and matched controls by neonatal hypothermia or hypoglycemia and 


percentile birth weight* 














Neonatal factor 








Hypothermia 


ae 








Hypoglycemia 












<10th percentile 
(SGA) 









10th-90th 
percentile 






© <10th percentile 
(SGA) 


10th-90th percentile 
(not SGA) 





No. of cases/No. of controls 13/42 ` 22/31 ‘ 5/12 7/14 
Odds ratio (95% confidence interval) 1.21 (0.6-2.5) 2.16 (1.2-4.0) 1 (0.5-4.8) 3.97 (1.2-12.8) 
Percentage of SGA cases attributable to neo- 4.4 (—8.3-25.0) : 1 (—2.8-19.4) 

natal factor (95% confidence interval) 
Percentage of all spastic cerebral palsy attrib- 1.35 (— 2.6-7.7) 1.14 (— 0.9-6.0) 


utable to neonatal factor in SGA cases 
(95% confidence interval) 





*167 cases and 504 controls had valid information for this analysis. 


Table VI. Distribution of cases and matched controls by clinical signs associated with birth hypoxia and 


percentile birth weight* 








Clinical signs of birth hypoxia 

























Category 1 Category 2 
<10th percentile 10th-90th <10th percentile: 10th-90th 
(SGA) percentile (SGA) percentile 


No. of cases/No. of controls 9/20 13/27 9/15 20/16 
Odds ratio (95% confidence interval) 2.52 (0.6-9.9) 1.62 (0.8-3.3) 3.18 (0.8- 12. 2) 4.39 (2.1-9.0) 
Percentage of SGA cases attributable to 13.8 (—3.7-48.4) 14.7 (— 1.3-46.9) 

“birth hypoxia” (95% confidence interval) 
Percentage of all spastic cerebral palsy attrib- 4.2 (—1.1-14.8) 4.48 (-—0.4-14.3) 


utable to “birth hypoxia” in SGA cases 
(95% confidence interval) 





*167 cases and 504 controls had valid data for this analysis. | 


tween 0.5 and | and did not vary significantly with 
increasing percentiles. 

For infants born between 34 and 37 weeks’ gestation, 
the inverse association was much stronger and contin- 
ued across all percentiles. For infants born before 34 
weeks, there was a weak inverse relationship of odds 
ratio for spastic cerebral palsy with percentile birth 
weight, but the data were also compatible with this 
being ‘caused by chance. (Cases born before 30 weeks 
(N = 12) were pooled with those born between 30 and 
33 weeks (N = 22) because numbers were small and 
odds ratios did not differ significantly from unity for 
any percentile birth weight category.) 

The proportions of spastic cerebral palsy attributable 
to being below the 3rd and below the 10th percentile 
birth weight rather than between the 10th and 90th 
percentile birth weight are shown in Table II. They 
suggest that 18.5% of cases born after 37 weeks and 
47.7% of cases born between 34 and 37 weeks may be 
attributable to being below the 10th percentile birth 
weight. 


Percentile birth weight by sex and plurality. Odds ratios 
by percentile birth weight for male cases were not sig- 
nificantly different from those of females (Table III). 
As anticipated, twins were more likely to be SGA when 
compared with singletons, however, since twinning is 
associated with cerebral palsy independently of SGA 
(e.g., through twin-twin transfusjons), the stronger as- 
sociation between SGA and spastic cerebral palsy in 
twins is likely to be at least partly a result of confound- 
ing. The independent role of SGA in the causality of 
spastic cerebral palsy in twins would require categori- 
zation of their growth relative to twins, but birth weight 
for gestation charts for twins were not available. 

Percentile birth weight by severity of motor impairment. 
There was no significant or systematic difference in 
distribution of percentile birth weight between cases of 
differing severity (data not shown). 

Percentile birth weight by description of motor impairment. 
There were no statistically significant differences in dis- 
tribution of percentiles between different descriptions 
of motor impairment (data not shown). However, the 
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Table VII. Percentile birth weight distribution of cases ostensibly caused by intrapartum hypoxia, other 





cases, and the total term live-born population 


Birth weight percentile 








Hypoxia cases 2 14.3 2 14.3 2 
Other cases 24 15.6 23 14.9 54 
Term live birth 3 7 


percentile birth weights of the small number of cases 
with dystonia in addition to spasticity (N = 8) appeared 
to have a normal distribution, that is, they were not 
SGA. The association of spastic cerebral palsy with low 
percentile birth weights was most obvious in cases 
whose lower limbs were more affected than upper limbs 
and least among those with hemiplegia. A larger sample 
would be required to confirm these associations. . 

Comparison of antecedent risk factors for SGA in 
cases and controls <3rd percentile birth weight. Con- 
sidering only subjects below the 3rd percentile birth 
weight, the odds ratios for spastic cerebral palsy with 
each antecedent risk factor for SGA relative to those 
without that particular factor are shown in Table IV. 
Because the association between spastic cerebral palsy 
and SGA varies with gestational age at delivery, ges- 
tation will confound the analysis of any variable with 
which it is also associated. Because this is true for many 
of the antecedents of poor growth considered here, the 
sample was dichotomized as more than 37 or between 
34 and 37 completed weeks’ gestation at delivery; there 
were only two cases born before 34 weeks that were 
also below the 3rd percentile birth weight. 

Numbers of SGA subjects with each antecedent were 
very small, but advanced maternal age (35 or more 
years), which is strongly associated with preterm deliv- 
ery, nonetheless showed a significant association with 
spastic cerebral palsy, but only if born at term. Poor 
placental condition and oligohydramnios, neither of 
which are strongly associated with prematurity, were 
positively associated with spastic cerebral palsy in both 
gestational age strata, although these factors did not 
reach significance in either stratum because of small 
numbers. 

Risk of spastic cerebral palsy associated with neo- 
‘natal hypothermia, hypoglycemia, or clinical signs of 
birth hypoxia, by percentile birth weight. 

Neonatal hypothermia and hypoglycemia. There is a sig- 
nificantly increased risk of spastic cerebral palsy asso- 
ciated with both neonatal hypothermia and hypogly- 
cemia in infants who are not SGA (Table V). This in- 
crease is much smaller, and no longer significant in SGA 


14.3 7 50.0 1 71 14 100 
35.1 45 29.2 8 5.2 154 
40 40 10 


infants, whether below the 10th percentile or below the 
3rd percentile birth weight. The results were the same 
with either matched, adjusted, or unmatched stratified 
analysis. The risk associated with neontal hypoglycemia 
or hypothermia did not increase in SGA infants in con- 
trast to what was anticipated had the spastic cerebral 
palsy in SGA cases been caused by these factors. Table 
V shows the proportions of cases attributable to the 
presence of each factor in SGA cases were small and 
statistically insignificant, suggesting there is little or no 


, contribution to spastic cerebral palsy from the sequence 


of events: SGA —> hypoX —> spastic cerebral palsy, 
where — denotes causation and hypoX represents hy- 
pothermia or hypoglycemia. 

Clinical signs of birth hypoxia. The risk of spastic ce- 
rebral palsy with mild clinical signs of birth hypoxia 
(category 1) was higher in SGA than non-SGA infants, 
although in neither group was the odds ratio signifi- 
cantly different from one (Table VI). Category 2 signs 
were significantly associated with spastic cerebral palsy 
but not in SGA infants. There was no trend in risk of 
either category with increasing growth deficit (data not 
shown). However, the odds ratios for spastic cerebral 
palsy with clinical signs of hypoxia in SGA infants are 
high (2.52 and 3.18) compared with those with no clin- 
ical signs of birth hypoxia. The most likely values for 
attributable risk (14% and 15%) are clinically significant 
proportions and the lack of statistical significance could 
be solely a result of the small numbers. It is therefore 
possible that in some of these infants hypoxia could be 
directly related to their growth deficit and be important 
in the etiology of their cerebral damage. 

Distribution of percentile birth weight in cases most 
likely to be caused by intrapartum hypoxia. The birth 
weight distribution of the 14 cases considered either 
possibly or very likely to be caused by intrapartum 


` hypoxia? was compared with those of all other cases 


and with that expected for term live births (Table VII). 
The number of cases considered to be caused by in- 
trapartum hypoxic brain damage is small, but their dis- 
tribution of percentile birth weights was not signifi- 
cantly different (p > 0.05) from all spastic cerebral 
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palsy cases, and there was a tendency for them to be 
_ better grown. Thus these cases with presumed hypoxic 
brain damage were not more likely to have been SGA 
than other spastic cerebral palsy cases. 

Comparing percentile birth weights of the 14 birth 
hypoxic spastic cerebral palsy cases with those expected 
for the population based on approximately 100,000 
births, the odds ratio for being SGA was 3.6 (95% con- 
fidence interval 0.95 to 12.4; p = 0.06). Using this odds 
ratio, the population attributable risk of being SGA for 
this hypoxic group was 20.6% (0 to 55%). However, 
since these 14 cases represent only 8.2% of all 171 spas- 
tic cerebral palsy cases, the proportion of all cases at- 
tributable to the sequence of risks: SGA — birth hy- 
poxia — spastic cerebral palsy, where —> denotes cau- 
sation, is only 1.7% (0 to 4.5%). 


Comment 

This study demonstrates a strong, statistically signif- 
icant association between spastic cerebral palsy and 
poor intrauterine growth in 134 cases born at more 
than 33 weeks’ gestation. The risk for spastic cerebral 
palsy did not increase with accelerated intrauterine 
growth at any gestation. i 

The observed proportions of low percentile birth 
weight (30.4% below 10th and 15.5% below 3rd birth 
weight percentile) were close to those quoted in 


other population studies of cerebral palsy. Kaern’? re- . 


ported 27.5% below the 10th percentile birth weight; 
Kyllerman™ reported 13.5% with birth weights lower 
than 2 standard deviations below the mean, which is 
equivalent to approximately the 2.3rd percentile. Hag- 
berg et al.™ dichotomized on maturity at delivery and 
reported 13% with birth weights less than 2 standard 
deviations below the mean in term (>37 weeks’ gesta- 
tion) and 7% in preterm infants, compared with 13% 
and 19% of < the 3rd percentile in this study. However, 
the gestational age profile of infants born before 38 
weeks varied: In Sweden twice as many cases were born 
before 34 weeks as were born between 34 and 37 weeks, 
whereas in Western Australia the number was the same 
in both gestation categories. Since we found the pro- 
portion below the 3rd percentile birth weight for ges- 
tation to be 6.3% if born before 34 weeks and 32.4% 
if born between 34 and 37 weeks, the difference in 
gestational age distributions of the two cerebral palsy 
populations may explain the discrepancy. 

If small fetal size were detected and considered to 
indicate a compromised fetus, the increased proportion 
of SGA cases observed in this study to-be delivered 
between 34 and 37 weeks might have been the result 
of induced early delivery. However, the proportions of 
cases below the 10th percentile birth weight who were 
delivered electively were similar between 34 and 37 
weeks and after 37 weeks’ gestation (26.3% and 29.6%, 
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respectively). The odds ratios of SGA for spastic ce- 
rebral palsy were slightly higher when only sponta- 
neous labors were considered. Thus elective early de- 
livery was not responsible for the greater proportion 
of moderately preterm cases that were SGA. | 

Infants <34 weeks’ gestational age at delivery are less 
likely to be extremely small for their gestational age. 
Symmetric growth retardation (i.e., short and generally 
small) is associated with an onset of growth failure be- 
fore 30 weeks’ gestation, whereas a low ponderal index 
in isolation (i.e., appropriate skeletal growth but thin) 
is associated with onset after 30 weeks.” The majority 
of SGA infants have low ponderal indices rather than 
being generally small, suggesting that survival in in- 
fants with onset of growth failure before 30 weeks is 
relatively rare. Because survival is strongly determined 
by birth weight, infants delivered before 34 weeks with 
earlier onset of severe growth failure may die, with few 
very SGA premature infants surviving to be either spas- 
tic or normal. In addition, the severity of weight deficit 
is partly determined by the length of time for which 
the constraints to growth have been operating; hence 
the greatest growth deficits are likely to be found 
among the most mature infants whose exposure to such 
constraints may have been longer. 

Of the individual antecedents of poor intrauterine 
growth considered, only maternal age >34 years was 
significantly overrepresented among term SGA cases. 
Because 26 comparisons were made, it is not unex- 
pected that some may appear significant at values of 
p < 0.05 by chance. 

The population-attributable risk of SGA in cases 
likely to be caused by intrapartum hypoxia was small 
(1.7%), but close to statistical significance (p = 0.06), 
whereas those of hypoglycemia and hypothermia were 
not significant. We suggest that some small proportion 
of the risk of spastic cerebral palsy attributable to being 
SGA may be a result of intrapartum hypoxia, but not 
of hypothermia or hypoglycemia. The interesting as- 
sociations of spastic cerebral palsy with hypothermia 
and hypoglycemia in infants not classified as. SGA will 
be discussed in a subsequent article. 

Case control studies with retrospective ascertainment 
of exposure present several methodologic problems. In 
this study these included difficulties in ascertaining ex- 
posure accurately, gestational age assessment, and the 
choice of appropriate comparison groups. 

Birth weight for gestational age was a crude measure 
of intrauterine growth because gestational age was only 
a best estimate, in contrast to birth weight, which is 
accurately recorded.” If the assessment of gestational 
age at delivery were influenced by the infant’s birth 
weight, the gestational age of poorly grown infants 
might be systematically underestimated, particularly 
for symmetrically growth-retarded infants, resulting in 
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overestimation of percentile birth weight and under- 
estimation of the proportion classified as SGA. In this 
situation, odds ratios would tend to be biased toward 
unity. l 

In this study allowance was made for the normal 
variation in growth that occurs with maternal height, 
parity, and infant sex. There are other nonpathologic 
determinants of growth that could have led to misclas- 
sification of growth. This will be overcome, to some 
extent, by use of other physical characteristics to classify 
growth in a subsequent article. 

As indicated in Methods, we believe the ideal com- 
parison is between the birth weight distributions of 
cases and normal, healthy infants. Such infants are, by 
definition, born close to 40 weeks’ gestation, and ultra- 
sonographic techniques have only recently allowed rea- 
sonably accurate estimation and charting of their body 
weights at gestations before 40 weeks.'? These charts 
suggest that the extent of growth deficit in infants born 
either before or after term compared with those born 
at term has been underestimated. Therefore the per- 
centile birth weights assigned to preterm and postterm 
infants in this study probably overestimated their in- 
trauterine growth, again biasing the odds ratios toward 
unity. We may therefore have underestimated the 
strength of the association. 

Because the association between SGA and spastic ce- 
rebral palsy is so strong, further study of the pathways 
by which they are associated is required. This should 
include genetic and early pregnancy conditions that 


could cause both SGA and cerebral palsy. A cytogenetic- 


study of severe spastic cerebral palsy cases and normal 
controls is currently underway in Western Australia. 
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Gestational age distribution of cases and controls of <10th percentile birth weight 








Spastic cerebral palsy cases Controls 












Gestational age at 
delivery (wk) 


>37 27 
34-37 19 
30-33 3 

<30 2 

All 51. 


% 


52.9 84 44.2 
37.3 76 40.0 
5.9 25 13.2 
3.9 5 2.6 
100 190 100 


x’ for difference in distribution between cases and controls = 2.79, p = 0.425. 


‘Ultrasonographic estimation of fetal weight in the clinically 


macrosomic fetus 


Greigh I. Hirata, MD, Arnold L. Medearis, MD, Janet Horenstein, MD, 
Moraye B. Bear, MA, MS, and Lawrence D. Platt, MD 


Los Angeles, California 


The purpose of this study is to evaluate models for the prediction of birth weight in fetuses suspected of 
being macrosomic. A total of 141 patients with standard measurements of the head, abdomen, and femur 
were studied. Linear regressions were performed with single parameters, squares, and all possible cross 
products in the generation of models with log (birth weight) and birth weight as dependent variables. 
These models were then compared with a group of previously published equations. Clinically, all models 


performed poorly. However, two models were significantly less accurate in the prediction of birth weight 
{p = 0.05). The best results were obtained by equations that used abdominal circumference and femur 
length measurements. There was no improvement in models that contained log (birth weight) or birth 
weight as dependent variables or models with complex variables such as squares or cross products of 
measured parameters. In conclusion, when evaluating patients at risk of macrosomia, the best estimates 
of fetal weight can be obtained by models that contain abdominal circumference and femur length. (Am J 


Osstet GYNECOL 1990;162:238-42.) 


Key words: Ultrasonography, macrosomia, estimation of fetal weight 


Accurate estimation of birth weight in the macro- 
somic fetus is critical in the clinical management of 
labor. Birth trauma, perinatal asphyxia, and maternal 
morbidity are increased in patients with fetal macro- 
somia who are vaginally delivered.'® A more liberal use 
of cesarean section has been suggested to avoid these 
serious complications." **” However, the Leopold es- 
timation of fetal weight, which is dependent on the skill 
of the examiner and size of the mother, is generally 
unreliable. 

The introduction of real-time ultrasonography has 
enabled the clinician to reproducibly and accurately 
measure fetal structures. Standard measured structural 
parameters have been analyzed and regression equa- 
tions have been generated to better estimate fetal 
weight. Today the most commonly used equations are 
those published by Shepard? and Hadlock.® These for- 
mulas were generated from data of samples of patients 
representing a wide spectrum of birth weights. Because 
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the accuracy of a model to predict birth weight de- 
creases the further one deviates from the population 
used to generate sucha model, these formulas may not 
be representative of the macrosomic population. It is 
well known in the statistical literature and is also noted 
by Tamura et al.” that the accuracy of a formula to 


- predict birth weight of a particular population may be’ 


enhanced if it is generated from a sample of fetuses 
representative of that population. 

The purpose of our study was to evaluate the accu- 
racy of previously published equations in the prediction 
of birth weight in the macrosomic infant. In addition, 
models generated from our sample of macrosomic pa- 
tients were evaluated to improve birth weight predic- 
tions. 


Methods 


Patients seen at Women’s Hospital at Los Angeles 
County— University of Southern California Medical 
Center in early labor with a singleton intrauterine preg- 
nancy estimated by Leopold examination to be 23900 
gm were included in the study. Multiple gestations, fe- 
tuses found to be grossly anomalous, and pregnancies 
in advanced labor that prevented accurate measure- 
ments of the presenting part were excluded. A total of 
141 patients met the inclusion criteria. All patients un- 
derwent ultrasonographic examinations within 48 
hours of delivery. Measurements were made with either 
an ADR/ATL (ADR/ATL, Bothell, Wash.), a GE RT 
2600, or a GE RT 3000 (General Electric, Milwaukee, 
Wisc.) ultrasound machine with the use of a 3.5 MHz 
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Table I. Models used for comparison 
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Author | ` Formula ; 


MJ Shepard 


Log 10 (birth weight) = — 1.7492 + 0.166 (BPD) + 0.046 (AC) — 2.646 (AC x BPDY/1, a 


FP Hadlock (1) Logi (weight) = 1.304 + 0.05281 AC + 0.1938 FL — 0.004 AC x FL 
(2) Logi (weight) = 7 335 — 0.0034 AC x FL + 0.0316 BPD + 0.0457 AC + 0.16230 FL 
(3) Logo (weight) = 1.326 — 0.00326 AC x FL + 0.0107 HC + 0.0438 AC + 0.158 FL 
(4) Logy (weight) = 1.3596 + 0.00386 AC x FL + 0.0064 HC + 0.00061 BPD x AC + 0.0424 AC + 0.174 
FL 


RK Tamura Log EFW = 0.02597 AC + 0.2161 BPD — 


0.1999 


(AC x BPD?) 


1000 + 1.2659 











BPD, Biparietal diameter; AC, abdominal circumference; FL, femur length, EFW, estimated fetal weight. 


linear array transducer. Standard measurements were 
taken of the head [biparietal diameter (BPD) and oc- 
cipital frontal diameter (OFD)], the abdomen [transab- 
dominal (TAD) and anterior-posterior abdominal di- 
ameter (APAD)], and the femur [femur length (FL)]. 
The head circumference (HC) and abdominal circum- 
ference (AC) were calculated with the equation for a 
circle where: 


= (BPD + OFD) (1.57) 
and where: 
AC = (TAD + APAD) (1.57). 


This method of calculation was*chosen because of its 
ease of use. Clinically, its accuracy has been verified 
when compared with various formulas for an ellipse 
and planimetry." 

Statistical methods and analyses. Initially all ultra- 
sonographic parameters, their squares, and all possible 
cross products were examined with bivariate regres- 
sions to determine those variables that were singularly 
most predictive of birth weight [log (birth weight) and 
birth weight as dependent variables]. Regression mod- 
els with more than one predictor variable were derived 
from stepwise regressions. The first set of stepwise 
regressions offered all the ultrasonographic parame- 
ters along with their transformations as candidate vari- 
ables for their selection. However, because the inclusion 
of squares and cross products in the model would re- 
quire additional mathematical steps that complicate the 
calculations, a second set of stepwise regressions yield- 
ing “simple models” was generated by excluding from 
consideration all square and cross product variables. 
For both sets of stepwise regressions, a candidate vari- 
able was selected for inclusion in the model if it sig- 
nificantly (p = 0.05) improved the prediction of birth 
weight beyond those candidate variables selected at pre- 
vious steps. 

Accuracy of the models was assessed by the coeffi- 
cient of multiple determination (R°), the SE of the es- 
timate, the coefficient of variation, and a visual inspec- 
tion of the residuals (difference between actual birth 


Table II. Correlation of single variables with 
birth weight 


R? 
Dependent variable log (birth weight) 
Single variables 
Abdominal circumference x 0.514 
femur length 
Abdominal circumference 0.512 
Femur length . 0.165 
Head circumference 0.034 
Biparietal diameter 0.023 
Dependent variable (birth weight) 
Single variables 
Abdominal circumference x 0.508 
femur length 
Abdominal circumference 0.503 
Femur length 0.163 
Head circumference 0.035 
Biparietal diameter 0.023 


weight and predicted birth weight).'* The R? measures 
the proportion of total variability in birth weight that 
can be explained by the model. Its value can range from 
0 (no prediction) to 1 (perfect prediction). The SE of 
the estimate reflects the degree of variability between 
the actual and predicted birth weights and may be in- 
terpreted as a SD. The coefficient of variation is simply 
the SE of the estimate divided by the mean birth weight, 
and thus standardizes the variability as a percentage of 
the mean. 

The generated models were then compared with 
the published equations by Shepard,’ Hadlock,° and 
Tamura” (Table I). The Shepard and Hadlock equa- 
tions were chosen because they represent the two most 
commonly used formulas. Tamura’s formula was used 
because it was specifically generated for the large-for- 


gestational-age (LGA) fetus. Comparisons of the pre- 


dictive accuracy of the current models and those most 
commonly found in the literature were conducted by 
Friedman’s two-way analysis of variance on the absolute 
value of the residuals. A significant Friedman’s test 
(p = 0.05) preceded multiple comparisons with Fisher’s 
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Table III. Models generated from the study population 


- Model ©- Dependent variable Intercept | Step one (coefficient) | Step two (coefficient) 





wl Logio (birth weight) 3.020 Abdominal circumference X Abdominal circumference* 
i ; i femur length* (0.00084) (0.00916) : 
2 Logis (birth weight) 2.781 Abdominal circumference* Femur length* (0.0328) 
(0.0514) 
3 Birth weight — 1301 Abdominal circumference x Abdominal circumference* 
: á i femur length* (7.802) (82.96) 
4 Birth weight —3511 Abdominal circumference* Femur length* (297.2) 


(141.0) 





*p = 0.002; no other parameters entered at the p = 0.05 level. 


least significant difference.” Significance was set at 
p = 0.05. All statistical computations were conducted 
with the Statistical Analysis System (SAS)." 


Results 


In our sample, the average fetus studied weighed 
4070 + 435 gm with a range of 2920 to 5100 gm. A 
total of 57% (81/141) were 24000 gm and 21% 
(29/141) were 24500 gm. A total of 21% (29/141) were 
infants of diabetic mothers and 47% (66/141) were =41 
weeks’ gestation. There were no anomalies or neonatal 
deaths. In regressing individual variables, squares, and 
all possible cross products it can be seen that the pa- 
rameters with the best correlation to fetal weight (either 
as a log (birth weight) or birth weight) were the 


abdominal circumference and abdominal circumfer- ` 


ence X femur length (Table II). Shown in comparison 


are the R’s for the single variables of BPD, head cir- 


cumference, and femur length (Table II). 

After the initial inclusion of the top variables in each 
category, four models were generated with stepwise 
linear regression analysis (Table I1). All models gen- 
erated contained either abdominal circumference and 
femur length or their cross products. The inclusion of 
additional variables other than abdominal circumfer- 
ence or femur length did not significantly increase the 
accuracy of each model. The R? was 0.56 to 0.55 with 


the coefficient of variation ranging from 7.2% to 8.0%, : 


respectively. There was no significant improvement in 
accuracy if log (birth weight) or birth weight was used 
as the dependent variable or if the models contained 
cross products or squares as variables (p > 0.05). 

The comparison of the generated models with the 
published equations are shown on Table IV. The equa- 
tions of Tamura and Shepard are significantly less ac- 
curate than all the generated models and those pub- 
lished by Hadlock (p = 0.05). Among the published 
models evaluated, Hadlock model 1 was the most ac- 
curate with an R? of 0.56, a SE of the estimate of 295 
gm, and a coefficient of variation of 7.2%. This was 
comparable to the generated modèls 1. and 2. 


Comment 


The ability to reliably predict birth weight has con- 
tinually evolved since the advent of ultrasonography. 


Initial formulas for the estimation of fetal weight with 
abdominal circumference as the sole variable resulted 
in 95th percentile confidence intervals of approxi- 
mately 150 gm/kg. Shepard’s reevaluation of War- 
sof’s original data generated models with two variables 
(BPD and abdominal circumference) and greater ac- 
curacy.'* 7 Models that use femur length and abdom- 
inal circumference have also been generated with ac- 
curacies comparable to that of Shepard’s.* *° With the 
addition of femur length to the head and abdomen 
measurements, investigators were able to improve the 
accuracy of the Shepard model.® '®* -2 However, the 
use of three variables in the calculation of fetal weight 
is cumbersome‘and requires multiple mathematical ma- 
nipulations, thus limiting its clinical usefulness. 

This study shows that the two most predictive vari- 
ables for the estimation of fetal weight in our macro- 
somic sample are the abdominal circumference and fe- 
mur length. For our study population, the Hadlock 
model 1 (containing abdominal circumference and fe- 
mur length) was significantly better in the prediction 
of weight than that of Shepard or Tamura (containing 
BPD and abdominal circumference). In addition, when 
analyzing single parameters the two variables best cor- 
related to the subsequent birth weight were abdominal 
circumference and femur length, as compared with the 
measurements of the head (Table II). The best four 
models generated in our population contained abdom- 
inal circumference and femur length with the exclusion 
of the BPD and head circumference. 

Previous investigators have corroborated these find- 
ings. Miller et al., in evaluation of three equations for 
the estimation of fetal weight in a population that con- 
sisted primarily of late pregnancies, concluded that 
Hadlock’s model with abdominal circumference and 
femur length should be used over Shepard’s or Hans- 
mann’s equations, which rely on head and body mea- 
surements.” As pointed out by Miller, a possible ex- 
planation for this may be related to the observation that 
the growth of the fetal BPD slows near term.” Fur- 
thermore, we speculate that the fetal head is subject to 
compression late in pregnancy as the head becomes 
engaged in the pelvis, thus potentially affecting the 
measurements. In addition, quite often the lateral bor- 
ders of the head are obscure and thus limit precision 
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Table IV. Comparison of models evaluated 
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Coefficient of 
Model Parameters* R? SE of the estimate (gm) variation (%) 
Tamura Biparietal diameter, abdominal circumference 0.21 391 9.6 
Shepard Biparietal diameter, abdominal circumference 0.43 322 7.9 
Hadlock 1 Abdominal circumference, femur length 0.56 295 7.2 
Hadlock 2 Biparietal diameter, abdominal circumference, 0.53 304 7.5 
: femur length 
Hadlock 3 Abdominal circumference, femur length, 0.53 . 304 7.5 
head circumference 
Hadlock 4 Biparietal diameter, abdominal circumference, 0.51 312 7.7 
femur length, head circumference ` i ' 
Model 1. Abdominal circumference, femur length 0.56 294 7.2 
Model 2 Abdominal circumference, femur length 0.56 294 7.2 
Model 3 Abdominal circumference, femur length 0.55 326 8.0 
Model 4 Abdominal circumference, femur length 0.55 326 8.0 
*Measured structures included; models may contain transformations. 
-in the measurement of the occipital frontal diameter. REFERENCES 


The femur, on the other hand, being a linear rigid 
structure, is not susceptible to the compressive affects 
of pregnancy and exhibits consistently measurable end 
points. 

In this study, the generated models siperi med 
the Shepard model, which was generated for the entire 
weight range of fetuses. However, it did not outper- 
‘form those published by Hadlock, also applicable to 
this population. We believe that the reason for this is 
twofold. First, the models that contain abdominal cir- 
cumference and femur length measurements seem to 
be inherently superior in this weight category. Second, 
weight estimation with ultrasonographically derived 
measurements in this population continues to be im- 
precise; therefore, improvement of the estimation may 
not be possible. 

In conclusion, the estimation of birth weight in the 
macrosomic fetus with commonly measured fetal pa- 
rameters continues to exhibit a large SD that signifi- 
cantly decreases its clinical usefulness. Because of the 
large inaccuracies of birth weight prediction in this pop- 
ulation, caution must: be taken when applying the 
ultrasound-derived estimated fetal weight to clinical de- 
cisions with regard to the route of delivery. However, 
if models are used, those formulas that use femur 
length and abdominal circumference are superior in 
the prediction of birth weight in this highly restricted 
macrosomic population. Moreover, there seems to be 
no advantage to models that contain log (birth weight) 
over those that use birth weight as the dependent vari- 
able or to models with cross products and squares over 
those with single variables. A nonlogarithmic model 
with single variables can certainly simplify the calcu- 
lation of the fetal weight. For example, with the use of 
model 4 [birth weight = —3511 + 141 (abdominal cir- 
cumference) + 297.2 (femur length)], the calculation 
of birth weight would only require two multiplication 
steps and a summation, easily done on a hand-held 
calculator. 
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Maternal reproductive histories in ataxic cerebral palsy 


Geoffrey Miller, MD 
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Maternal reproductive histories of fetal wastage in 36 cases of ataxic cerebral palsy and in a control group 
of 60 mothers were compared. There was no significant difference between the groups. A history of fetal 
loss did not accompany this cerebral palsy syndrome where prenatal factors play an important role. (Am J 


OsstTeT GYNECOL 1990;162:242-3.) 


Key words: Ataxic cerebral palsy, fetal wastage 


The cerebral palsies are a group of syndromes that 
are due to a nonprogressive defect or lesion of the 
developing brain and characterized by disorders of 
movement and posture. When this disorder is an ataxia 
that is not primarily due to weakness, spasticity, dys- 
tonia, or choreoathetosis, it is termed ataxic cerebral 
palsy. This is the least common of the syndromes; the 
majority of these infants have normal birth weights and 
the disorder has an early prenatal origin.’ As there have 
been varying reports on the frequency of fetal wastage 
in the mothers of children with cerebral palsy, the ma- 
ternal reproductive histories of an ataxic cerebral palsy 
population were examined and compared with those 
of a control group. 


Subjects and methods 


I examined 36 patients with well-documented cases 
of ataxic cerebral palsy, and their mothers were inter- 
viewed. All patients were older than 5 years and all 
except three had ‘unaffected younger siblings, which 
indicates that most of the mothers did not stop repro- 
ducing after the birth of the affected child. 
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A history of fetal wastage, defined as spontaneous 
abortion or stillbirth, was recorded in the mothers of 
index cases and a control group. The latter were moth- 
ers selected at random from a pediatric primiary care 
clinic, in whom there was no first-degree relative with 
a neurodevelopmental disorder. There were 60 control 
mothers who did not differ from the index mothers in 
terms of race or age, after gravidity was taken into 
account. The numbers of pregnancies in which there 
had been fetal wastage were compared in the two 
groups. The x’ test, with Yates’ correction where ap- 
propriate, was used. The effects of increasing gravidity 
also were considered by comparing those in the two 
groups with fewer than four pregnancies and those 
with more than three. 


Results 


There were no significant differences between the 
groups. In the control group 40 of 176 (27%) preg- 
nancies ended in spontaneous abortion or stillbirth (ab- 
normal pregnancies), as compared with 28 of 102 (27%) 
in the index mothers. A difference also could not be 
found when the effect of gravidity was considered. In 
those who were less than gravida 4, there were 20 of 
92 (22%) abnormal pregnancies in the control group 
and 6 of 33 (18%) in the index cases. The figures for 
those who were greater than gravida 3 were 28 of 84 


` (33%) for the control group and 22 of 69 (32%) for the 


index cases. 
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Comment 


A poor reproductive history may be an important 
predictor of various conditions that affect pregnancy.” 


A low birth weight may herald further similar births . 


and a history of fetal wastage may indicate fetal chro- 
mosome abnormalities. There are varying reports on 
whether a history of fetal wastage is related to cerebral 
palsy, but the general view would appear to be that the 
relationship is to low birth weight rather than to ce- 
rebral palsy per se. This theory is supported by this 
study, which did not find an increased rate of fetal 
wastage, when compared with a normal control group, 
in a population with ataxic cerebral palsy, where early 
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prenatal factors play the most important role in etiol- 
ogy. 
Iam indebted to Dr. Fiona Stanley and Linda Watson 


for access to the cerebral palsy register of Western Aus- 
tralia. 
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Cushing’s syndrome and pregnancy 


Current Development 


David C. Aron, MD,** Adrian M. Schnall, MD, and Leslie R. Sheeler, MD" 


Cleveland, Ohio 


Pregnancy is a rare occurrence in women with Cushing's syndrome. Amenorrhea or oligomenorrhea 
occurs in about 75% of premenopausal women with Cushing's syndrome as a result of suppression of 
gonadotropin secretion primarily by excess glucocorticoids. We have reviewed pregnancies in women with 
Cushing’s syndrome (63 cases from the literature and four cases of our own). Since pregnant women 
without Cushing's syndrome develop some features of Cushing’s syndrome, such as hypertension, 
hyperglycemia, and striae, a high index of clinical suspicion must be maintained to prevent delay in 
diagnosis. The physiologic changes in adrenocorticosteroid metabolism during pregnancy further 
complicate the diagnosis. Maternal and fetal risks increase markedly when pregnancy does occur in 
women with hypercortisolism. However, the wide spectrum of severity of the disease mandates an 
individualized approach to the therapy in each case. (Am J OssteT GYNECOL 1990;162:244-52.) 


Key words: Cushing’s syndrome, pregnancy, hypercortisolism 


Pregnancy rarely occurs in women with Cushing’s 
syndrome. Amenorrhea or oligomenorrhea occurs 
in about 75% of premenopausal women with Cush- 
ing’s syndrome and is usually accompanied by infertil- 
ity.' Excessive glucocorticoid action suppresses go- 
nadotropin secretion. After correction of hypercorti- 
solism, the impaired luteinizing hormone response 
to gonadotropin-releasing hormone in patients with 
Cushing’s disease (pituitary adrenocorticotropic hor- 
mone (ACTH)—dependent Cushing’s syndrome) re- 
turns to normal; the inappropriately low basal lutein- 
izing hormone levels in one postmenopausal woman 
with Cushing’s disease also rose after correction of 
hypercortisolism.? Similar suppression of gonadotro- 
pin secretion has been observed in oophorectomized 
women given dexamethasone.’ While the effect of ex- 
cessive androgens on basal luteinizing hormone levels 
is variable, menstrual irregularity results from alter- 
ation of the normal cyclic pattern of luteinizing hor- 
mone and follicle-stimulating hormone secretion.** Fi- 
nally, some patients with Cushing’s disease also have 
hyperprolactinemia, which contributes to abnormal go- 
nadal function.** Despite these abnormalities, preg- 
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nancies do occur. We have observed pregnancies in four 
patients among 52 cases of Cushing’s syndrome occur- 
ring in premenopausal women, diagnosed at the Cleve- 
land Clinic between 1978 and 1986. We reviewed these 
four cases and 63 cases from the literature?” (Table I). 


Clinical manifestations 


The development of the signs and symptoms of 
Cushing’s syndrome in nonpregnant adults occurs over 
a variable period of months to years.* The findings of 
ecchymoses, myopathy, and hypertension appear to 
have the greatest discriminatory value in differentiating 
patients with Cushing’s syndrome from patients with- 
out hypercortisolism but with similar signs and symp- 
toms.” In most of the reported cases a classic picture 
of Cushing’s syndrome was described. Because preg- 
nant women without hypercortisolism can develop hy- 
pertension, diabetes, edema, and striae, the diagnosis 
of Cushing’s syndrome, especially in milder cases, may 
be delayed; women may go through more than one 
pregnancy before diagnosis. In several of the reported 
cases early spontaneous abortions preceded the preg- 
nancy in which the diagnosis of Cushing’s syndrome 
was made?!**-5!; patients 55 and 56 had one and possibly 
two pregnancies during a period of active Cushing’s 
syndrome. In contrast, patient 58 exhibited the severe 
hypokalemia, hypertension, and metabolic alkalosis 
characteristic of the ectopic ACTH syndrome although 
hyperpigmentation was absent. The early diagnosis of 
Cushing’s syndrome depends on heightened clinical 
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Table I. Reported cases of pregnancy. in Cushing’s syndróme p 





. + | Gause* |>: “pregnancy - 
Hunt and McConahey 1953. 1 l ' BAH None ` 
2 > BAH ` None 
3 ue BAH’ l None : 
4 .° BAH’ None.” 
2 5O- BAH None 
3 6 BAH None 
4 4 AC. . None 
Cope and Raker” 1955 5 8 >. None - 
6 ‘9 ">. -None 
7 10 - - ?  . None ` 
Greenblatt et al." 1959 8 11 AC’ None’ 
i 7 ey, . h. z “ier feat a 
- aa 12 . AC None . 
Birke et al.” 1959... 9 13 AC *- None 
MacGregor et al.” 1960 10° 14 BAH None 
Bergman et al." 1960 11 15 BAH ` Bilateral adre- 
' , . ` nalectomy at: 
22-8 -l 12 wk j 
Andreoli” ` 1962 12 . 16 ` BAH , ‘Bilateral adre- 
. ' f o, nalectomy at 
; TE t : » "22 wk (?) 
Litowski and Ford'® 1962 13°. 17 BAH ., Bilateral adre- 
no : ` “i i `- nalectomy at 
i boo 12wk 
Eisenstein et al.” + 1963 14 18 AA Unilateral adre- 
Kero t . ' l _nalectomy at 
i ae a a PSA -21 wk (?) >. 
Molinatti and Olivetti’® 1964 15 19 BAH - Bilateral adre- 
i : nalectomy at . 
: i ine eons ae 12 wk (?) 
Kreines et al." 1964 . 16 20 : AA None 
17 2a, AA None 
22 : “AA. -None 
Lopez-Llera et al.® ` 1964 ` i8. 23 i AC _ None 
Bank etal” `, 1965. -19 24° AC {re | ‘None 
: . ee current), kan 
Parra and Cruz-Krohn 1966 : 20 25 nas 





Treatment- during’ 


Fetal outcome 


- Spontaneous 


- abortion at 20 
- wk j 

Premature birth 
- (32 wk); neo- 


~ natal death 
- Premature birth 


(32 wk) . 


~ + Premature birth 


(28 wk) 
‘Term birth 


‘Stillbirth 


Premature birth 
“ (34 wk) 
--. Successful 
‘Successful 
Successful 
‘ Spontaneous 


` abortion at 12 
wk i 

Term birth 

Term birth 


-Spontaneous 


- abortion at 10 


`~. wk 


Term birth 

Term birth . 

Term birth 

Fienna birth 
(35 wk). 


Premature birth 
(32 wk) 


` Stillbirth; fetal 


adrenal at- 
- rophy 


`” Premature birth 


` at 32 wk 


` Stillbirth at 33 


wk; fetal ad- 
renal atrophy 


Prematurė birth 


` “Cesarean sec- 
- tion at 33 wk 


Spontaneous 
` abortion at'20 
2 wk : 
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Maternal complications 


‘Hypertension 


Retained placenta 
with hemorrhage; 
hypertension 

Hypertension; no lac- 
tation 


Hypertension; ab- 
normal glucose 
tolerance 

None 

Compression frac- 

_ tures 


Hypertension; pre- 
eclampsia, addi- 
sonian crisis 

None 


None 
Hypertension 


Hypertension; ab- 
normal glucose 
tolerance 

Hypertension; pulmo- 
nary edema; ab- 
normal glucose 
tolerance 


‘Hypertension; clinical 


remission. 

post partum 
Hypertension; pulmo- 

nary edema; hypo- 

kalemia; abnormal 

glucose tolerance 


‘ Hypertension, pre- 


, eclampsia; 3rd de- 
greé heart block; 
death 


` Hypertension; ab- 


normal glucose 
tolerance 

Development of 
symptoms of Cush- 
ing’s syndrome dur- 
ing pregnancy with 
resolution after 
spontaneous 
abortion 


Continued 
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Table I— Contd 





Report 


Bowman” 


Kreines and DeVaux*! 


Wieland et al.” 


Lee and Rapoport”? 


Calodney et al.” 


. Grimes et al.” 


Jorgensen and Sele” 


Hanson et al.° 


Anevlavis and 
Schletter®! 


1971 


1972 


1973 


1973 


1974 


1976 


23 


24 


25 


26 


27 


28 
29 


30 


31 


26 


28 


29 


30 


31 


32 


33 


34 
35 


36 


37 


BAH 


BAH 


AA 


BAH (?) 


BAH (?) 
BAH (?) 


BAH 


AA 








None 


Laparotomy; 
therapeutic 
abortion 


None 


None 


Unilateral adre- 
nalectomy at 


16 wk 


None 


None 
None 


Aminoglu- 
tethimide; bi- 
lateral adre- 
nalectomy at 
21 wk 

None 


Case is bey ae Treatment during 
No. Cause* pregnancy Fetal outcome 





Spontaneous 
abortion at 23 
wk 


Premature birth 
at 32 wk 


Premature birth 
at 30 wk; ad- 
renal insuffi- 
ciency; jaun- 
dice; sub- 
arachnoid 
hemorrhage; 
gastrointes- 
tinal hemor- 
rhage; com- 
municating 
hydrocepha- 
lus; menin- 
gitis 


Premature birth 
at 34 wk 


Premature birth 
at 33 wk 


Term birth 


Stillbirth at 
39 wk 


Term birth 

Cesarean sec- 
tion at term 

Term birth 


Term birth ` 
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Maternal complications 


Hypertension; pre- 
eclampsia; hypoka- 
lemia; resolution of 
these after sponta- 
neous abortion 

Hypertension, 
compression frac- 
tures; preeclampsia; 
pulmonary edema; 
kidney stones 


Hypertension 


Hypertension; hypo- 
kalemia; polyneu- 
ropathy; clinical 
resolution after ter- 
mination of preg- 
nancy 

Abnormal glucose tol- 
erance; clinical 
amelioration from 
21 wk gestation to 
delivery 

Hypertension; resolu- 
tion of signs and 
symptoms of Cush- 
ing’s syndrome and 
normalization of 
urinary steroid ex- 
cretion post partum 

Hypertension; pulmo- 
nary edema; abnor- 
mal glucose toler- 
ance; previous 
pregnancy had 
ended in sponta- 
neous abortion at 
10 to 12 wk and 
was followed by oli- 
gomenorrhea 

Normalization of ab- 
normalities during 
2nd and 3rd 
trimesters 

Same as above 

Same as above 


None 


Hypertension 
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Réport 
Keegan et al. 


Anderson and - 
Walters” 


Gross et al.* 


Blumsohn et al.” 


Reschini et äl." 


Check et al.” 


Khakoo et al.* . 


Gormley et al.” 


Verdugo et al.” 


Aron et al.“ 
‘Livet al.” . 


Margulies et al.” 


Volker et al.“ 


Glassford et al. 


Tuimala et al.“ 
Semple et al.” 


Connell et al.” 


Martinez et al. — 


4 


1 








Casé | P 
- 1976- 32 
1976 33 
1976 34° 
1978 ` 35 
1978 36 
1979- 37 
i982 38 
1982 . 39 
. 1982 ' 40 
1982’ 41- 
1983 42. 
1983 ` 43 ` 
1984 ` 44 
1984 45 
1985 | 46° 
1985 47 
1985 48 
1985 ` 49 


regnancy,) - 
_No.' 


38 


44 
45 


50 


si 


56 








; cp -. 


BH 


BAH. ` 


BAH 
AA: 


NAH 


AA) 


‘| Treatment during. 


pregnancy 


- None - 


Pituitary-irra- 


wk. 


‘None . à 


` Unilateral adre- 
nalectomy at 
_ wk (), ~ 


None 


None ` 


.None . 
None 


- Metyrapone 


None ` 


' None 


None. oa 
None 


. Metyrapone. i ; 
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- Fetal outcome 


Premature birth 


. „at 34 wk 


` -Term birth 
_diation at 24 - 


_ Premature birth 


- at 36 wk 


‘Spontaneous 


abortion at 20 


wk O) 


Premature birth 


36 wk; severe 
' Jaundice; died 
of acute 


` „hepatitis, 


transfusion- 


~ related 


Spontaneous 
abortion at 30 
wk 


` "Term birth 


Premature birth 
- at 36 wk; 
cleft palate;. ' 
small-for- 
gestational-age 
. infant 


Premature labor; 


-cesarean sec- 
_ tion at 37 wk 


` Premature birth 


at 32 wk 


Term birth 


`, Premature birth 


at 32 wk, respi- 
ratory distress 
syndrome 

Cesarean section 
at 38 wk 


_ Cesarean section , 


at 34 wk 


Cesarean section 
` at 36 wk 


` Cesarean section 
. at 36 wk; hy- 


poglycemia 


. Premature labor; 


cesarean sec- 
-~ tion at 34 wk 


, Cesarean section 


_ -at 27.6 28 wk; 


oe ` „death 


; Adrenalectomy 
at 21 wk 


Term birth 


Maternal complications 


Hypertension; abnor- 
mal glucose toler- 
ance; proxinial my- 
opathy; Hypokale- 
mia; osteoporosis 

Hypertension 


Hypertension 


Hypertension; pulmo- 
nary edema; abnor- 
mal glucose toler- 
ance; ulcer - 

Hypertension; abnor- 
mal glucose toler- 
ance; low estradiol 
and estriol; no lac- 
tation; remission 
post partum 


Diabetes mellitus 


Diabetes mellitus 


Hypertension; abnormal 
glucose tolerance 


Hypertension; delayed 

` wound healing; low 
estriol 

Low estriol; hypertension; 
pulmonary edema; 
clinical resmission 
post partum 

None 

None 


Hypertension; low estriol; 
clinical remission during 
3rd trimester 

Hypertension; abnormal 

- glucose tolerance; de- 
creased human placental 
lactogen; decreased es- 
triol 

Hypertension 


Low estriol; mental aberra- 

_ tion; difficult wound 
healing f 

Low estriol; hypokalemia; 

- poor wound healing 


Hypertension; 
glycosuria; eclampsia; 
- marked increase 
in ]1-deoxycorticosterone 
and aldosterone after 
metyrapone therapy 
Hypertension; abnormal 
glucose tolerance 
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` January 1990 
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Case | Pregnancy Treatment during : 
4 Report Year | No. No. Cause* pregnancy Fetal outcome Maternal complications 


Abrahamson et al.*° 1986 50 57 AA 
Koerten et al"! 1986 51 58 AA 
59 AA 
60 AA 
Bevan et al.” 1987 52 6] AA 
53 62 AA 
Casson et al.” 1987 54 63 cD 
This report 55 64 AA 
56 6 | AA 
57 66 BAH (?) 
58 67 EAS 


Adrenalectomy Term birth, Low estriol; low human 


at 16 wk small-for- _ placental lactogen 
gestation-age 
- ‘infant 
None Spontaneous None 
; abortion at 10 
wk i 

None Spontaneous None 
abortion at.10 
wk . 

None Cesarean section Hypertension; preeclamp- 
a 27 wk; intra- sia; hemolysis; thrombo- 
ventricular cytopenia; pulmonary 
hemorrhage; edema; gastrointestinal 
bronchopulmo- hemorrhage; pneumonia; 
nary dysplasia adult respiratory distress _ 

syndrome; death 

None Cesarean section Hypertension; myopathy; 
at 37 wk wound infection; poor 

wound healing; urinary 
f : ; tract infection ~ 

Adrenalectomy Premature birth Hypertension; myopathy 
at 36 wk 

Transsphe- Cesarean sec- Hypertension; pro- 

noidal ade- tion at 20.wk; teinuria 
nectomy at multiple re- 
22 wk spiratory 

complication 

None Premature birth Hypertension; diabe- 
at 35 wk; tes mellitus 
neonatal 
jaundice; 
pneumonia 

None - Cesarean sec- Hypertension; glucose _ 
tion at 36 wk intolerance 

Cyprohep- Premature birth Decreased estriol; 

tadine at 33 wk remission 


post partum 

ACTH-secreting 
pheochromocyto- 
mia; hypertension; ` 
hypokalemia, proxi- 
mal myopathy; dis- 
seminated aspergil- 
losis; death 


None at 35 wk Premature birth 











*BAH, Bilateral adrenal hyperplasia; CD, Cushing’s disease; AA, adrenal adenoma; AC, adrenal ‘carcinoma; NAD, nodular 


adrenal hyperplasia; EAS, ectopic ACTH syndrome. 


suspicion. The diagnosis should be considered not only 
when classic signs are present but also in any pregnant 
woman who develops hypertension, hyperglycemia, or 
evidence of androgen excess. 


Diagnosis 
The biochemical evaluation of Cushing’s syndrome, 
which involves two steps—confirmation of the hyper- 
_cortisolism and determination of the cause, recently was 
reviewed.’ This approach relies on the measurement 
of urinary free cortisol, the plasma cortisol response to 
low- and high-dose dexamethasone suppression tests, 
and plasma ACTH. In nonpregnant women of child- 
bearing age, pituitary-dependent Cushing’s syndrome 


(Cushing’s disease) predominates.® *® In contrast, in 
pregnant women with Cushing’s syndrome adrenal tu- 
mors are more common. Of the 67 such pregnancies 
reported, the cause of the hypercortisolism was an ad- 
renal tumor in 34 (51%) (see Table I). Moreover, benign 
tumors accounted for 27 (79%) of the adrenal tumors, 
whereas benign and malignant tumors occur with ap- 
proximately equal frequency in large series of Cush- 
ing’s syndrome.* The rapidly progressive course of 
adrenal carcinoma often associated with high levels of 
androgens may account for its infrequency in preg- 
nancy.” The reason for the relative infrequency of 
Cushing’s disease during pregnancy is unknown. Ec- 
topic ACTH syndrome during pregnancy is extremely 
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rare. Although the different causes of Cushing’s syn- 
drome (pituitary-dependent, adrenal tumor, and ec- 
topic ACTH) have characteristic laboratory findings, 
diagnostic difficulties are common even in nonpreg- 
nant patients.’ ** In addition, radiologic localization of 
ACTH- or cortisol-producing tumors must be limited 
during pregnancy because of the risk of radiation to 
the fetus. Adrenal ultrasonography may be performed 
safely to detect adrenal tumors.” Magnetic resonance 
imaging also may be useful in determining the location 
of adrenal and pituitary tumors.®* Since pituitary en- 
largement occurs normally during pregnancy," the role 
of magnetic resonance imaging in detecting pituitary 
tumors in pregnant individuals remains to be estab- 
lished. 

Physiologic alterations in adrenocorticosteroid me- 
tabolism occur during pregnancy and further compli- 
cate the diagnosis. A small fraction of circulating 
cortisol is free while most is bound, primarily to cortisol- 
binding globulin. Since the plasma assays measure to- 
tal plasma cortisol levels, the levels mainly represent 
the bound fraction and thus depend on cortisol-binding 
globulin levels. Estrogen administration increases the 
hepatic synthesis of cortisol-binding globulin.® © 
Cortisol-binding globulin levels also rise during preg- 
nancy with the highest levels achieved during the latter 
part of pregnancy; the peak, reached at about 6 months’ 
gestation, is maintained until delivery. Plasma cor- 
tisol levels rise during pregnancy. Carr et al. found 
AM levels (mean + SEM) of 14.9 + 3.4 pg/dl at 11 
weeks of gestation and 35.2 + 9.0 yg/dl at 26 weeks 
of gestation; the levels remained elevated until labor 
and delivery. These levels overlap those found in Cush- 
ing’s syndrome. However, the normal diurnal variation 
of plasma cortisol is maintained during pregnancy, in 
contrast to findings in patients with Cushing’s syn- 
drome.* Not only do total plasma cortisol levels in- 
crease during pregnancy, but plasma free cortisol levels 
also rise.® Likewise, urinary free cortisol concentra- 
tions increase to levels that may overlap those observed 
in Cushing’s syndrome.* 7 Urinary excretion of 17- 
hydroxycorticosteroids remains normal.” ” Because 
plasma cortisol levels are higher as a result of increased 
binding, dexamethasone suppressibility as judged by 
standard criteria may be impaired. Similar results have 
been observed in patients receiving estrogen therapy.” 
In addition, dexamethasone suppressibility of plasma 
free cortisol levels decreases as pregnancy advances.” 
Dexamethasone suppressibility of urine free cortisol 
also is impaired.” Few studies of plasma ACTH during 
pregnancy have been reported. Carr et al. found that 
ACTH levels were lower in pregnant women than in 
nonpregnant control women. However, normal diurnal 
variation was maintained. As pregnancy progressed, 
plasma ACTH levels rose. Likewise, B-endorphin levels 
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-rose durin regnancy.”© The origins of maternal 
8 preg y. 


plasma ACTH include the anterior pituitary and the 
placenta.” In addition, corticotropin-releasing factor 
has been found in the placenta; plasma corticotropin- 
releasing factor levels rise during pregnancy, reaching 
very high levels at term, and abruptly fall after deliv- 
ery.”“*° Thus the biochemical diagnosis of Cushing's 
syndrome during pregnancy may be difficult. The use 
of 24-hour urinary 17-hydroxycorticosteroids and free 
cortisol as a combined screening test should be consid- 


_ ered since the former appears to have higher specificity 


in pregnancy while the latter has higher sensitivity in 
general." 5+  7!.™ Since normal diurnal variation of 
plasma cortisol is preserved in normal pregnancy but 
not in Cushing’s syndrome, measurement of aM and 
pM cortisol levels is useful. However, since cortisol is 
secreted in an episodic fashion, multiple samples may 
be necessary. While a normal suppression of plasma 
cortisol after low-dose dexamethasone would rule out 
Cushing’s syndrome, this test has a low specificity. 


Fetal and maternal complications 


The outcome of pregnancies has spanned the range 
from early spontaneous abortion (whose rate may be 
underestimated because of delay in diagnosis of Cush- 
ing’s syndrome) to uncomplicated term birth. However, 
premature labor is common, occurring in 35 of 57 cases 
(61%) (Table 1). Complications for the fetus therefore 
include morbidity and mortality related to prematurity. 
Although maternal cortisol and cortisone cross the pla- 
centa, neonatal adrenal insufficiency rarely occurs." 
Excessive levels may suppress the fetal hypothalamic- 
pituitary-adrenal axis. In a review of 260 births in 
women treated with adrenocorticosteroids, Bongio- 
vanni and McFadden® noted the occurrence of neo- 
natal adrenal insufficiency in 1. Similarly, Schatz et al.™ 
observed no cases of neonatal adrenal insufficiency in 
70 pregnancies in women with asthma who were re- 
ceiving glucocorticoids. Kreines et al.'*** described the 
occurrence of adrenal atrophy and clinical adrenal in- 
sufficiency. In one case transient clinical deficiency of 
glucocorticoids and (unexpectedly) mineralocorticoids 
occurred.** In other cases in which the newborn’s 
plasma cortisol level was determined, normal values 
were found.” "** Thus, although neonatal adrenal in- 
sufficiency is rare, the appearance of hypoglycemia, 
seizures, circulatory collapse, fever, failure to thrive, 
hyperkalemia, or hyponatremia should alert the phy- 
sician to the possibility. In addition to suppression of 
fetal cortisol production, suppression of fetal dehydro- 
epiandrosterone production also occurs. This decrease 
in substrate for placental estrogen synthesis may result 
in low maternal serum or urinary estriol levels.** Such 
decreased estrogen levels have been noted with both 
exogenous glucocorticoids® and naturally occurring 
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Cushing's syndrome 38. 39. 40. 45, +t, 46. 47, 50 (case 57). 
Whether low estriol levels reflect a more generalized fe- 
toplacental insufficiency is unknown, but decreased hu- 
man placental lactogen levels also have been noted.*” 

Maternal complications most commonly include hy- 
pertension, noted in 39 of the 45 cases (87%) in which 
blood pressure was reported, and abnormal carbohy- 
drate metabolism including gestational diabetes melli- 
tus, in 22 of 36 (61%) cases in which glucose levels were 
reported (Table I). Additional complications include 
congestive heart failure, as well as the features typical 


of Cushing’s syndrome, such as proximal muscle weak- | 


ness, hypokalemia, and osteoporosis. The decreased 
ability to heal wounds complicates cesarean section and 
other surgical procedures." *"*? Maternal death has 
occurred in three cases. 33 In case 58, a benign 
pheochromocytoma produced the ectopic ACTH syn- 
drome.” Severe hypertension and prematurity re- 
sulted from both the massive elevation in catecholamine 
levels and the extremely high cortisol levels. Intermit- 
tent Cushing’s syndrome and spontaneous remissions 
‘have occurred in nonpregnant patients with Cush- 
ing’s disease, adrenal tumors, and ectopic ACTH 
syndrome.*** Similar cases have been observed in 
pregnancy. While the role of placental corticotropin- 
releasing factor in the physiologic regulation of the 
hypothalamic-pituitary-adrenal axis is unknown, pla- 
cental corticotropin-releasing factor may play a role in 
the exacerbation of Cushing’s syndrome, and the post- 
partum fall in corticotropin-releasing factor level might 
account for the spontaneous remission observed in case 
57 and in other cases. '® 7% 5. 27.38.40 


Therapy 


The relatively poor fetal outcome has prompted at- 
tempts at control of hypercortisolism during pregnancy 
in 16 cases (Table I). Unilateral adrenalectomy for 
treatment of adenoma has been performed in 6 cases, 
bilateral adrenalectomy for treatment of hyperplasia in 
5, transsphenoidal removal of ACTH-secreting pitu- 
itary tumor in 1, metyrapone or aminoglutethimide 
administered in 3, cyproheptadine administered in 1, 
and pituitary irradiation given in 1. An adrenal ade- 
noma, the most common cause and the one most easily 
located without use of ionizing radiation, would be most 
amenable to surgical treatment during pregnancy be- 
cause of the relatively low morbidity and mortality of 
a unilateral adrenalectomy via a flank incision. Trans- 


sphenoidal surgery also should be a relatively safe pro- ` 


cedure. The frequencies of both premature labor and 
fetal loss were lower in the cases treated surgically. 
Bevan et al. therefore advocated surgical treatment 
during pregnancy in all but the latest weeks of gesta- 
tion. Surgery, particularly bilateral adrenalectomy, dur- 
ing pregnancy is not without risk to both mother and 
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fetus. The risks of treatment with metyrapone and ami- 


‘noglutethimide are uncertain, Transplacental passage 


of these drugs occurs and fetal adrenal steroid synthesis 
may be affected.*** Ketoconazole has been most useful 
in control of hypercortisolism, but it is teratogenic and 
embryotoxic in animals.” * Ketoconazole’s effect on 
levels of estradiol in women is unknown, but displace- 
ment of estradiol from sex hormone—binding globulin 
has been observed in vitro.” Since hypertension and 
hyperglycemia themselves pose a risk to pregnancy, 
their meticulous control alone may improve the out- 
come. Moreover, the severity of Cushing’s syndrome 
during pregnancy spans a wide spectrum. While severe 
hypercortisolism mandates surgical intervention where 
possible, milder cases might be managed expectantly. 
The role of drug therapy is limited. 

In summary, pregnancy occurs uncommonly in pa- 
tients with active Cushing’s syndrome. The diagnosis 
may be delayed since pregnant women without Cush- 
ing’s syndrome develop some features of Cushing’s syn- 
drome, such as hypertension, hyperglycemia, and 
striae. A high index of clinical suspicion must be main- 
tained. The physiologic changes in adrenocorticoste- 
roid metabolism during pregnancy complicate the di- 
agnosis. The need to avoid ionizing radiation to the 
fetus limits the use of radiologic procedures for deter- 
mination of tumor location. When pregnancy does oc- 
cur in women with hypercortisolism, maternal and fetal 
risks increase markedly. However, the wide spectrum 
of severity of the disease mandates an individualized 
approach to therapy. 


We thank Dr. David Ginsberg and Ms. Victoria Ortiz 
Aron for their assistance in translation. Case 58 was 
previously reported by Higgins et al.” 
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Umbilical amino acid concentrations in normal and 
growth-retarded fetuses sampled in utero by cordocentesis 
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Milan, Italy, and Denver, Colorado 


Fetal plasma amino acid concentrations were obtained by cordocentesis at midgestation in 11 normal 
(appropriate for gestational age) fetuses and at late gestation in 12 small-for-gestational-age fetuses, and 
at cesarean section in 14 normal term infants. In normal fetuses total molar amino acid concentrations and 
fetal/maternal total molar concentration ratios did not change significantly between the second and third 
trimesters. Fetal and maternal concentrations of most amino acids were significantly correlated at both 
midgestation and late gestation. Small-for-gestational-age fetuses had significantly lower concentrations of 
total a-aminonitrogen; this was mainly because of a reduction of the branched chain amino acids valine, 
leucine, and isoleucine, and of lysine and serine. Maternal arterial concentrations of phenylalanine, 
arginine, histidine, and alanine were elevated in small-for-gestational-age pregnancies. Thus there are only 
minor changes in amino acid concentrations between midgestation and late gestation in normal fetuses 
with a constant fetal/maternal ratio. In small-for-gestational-age infants a significant reduction in 
a-aminonitrogen and:in most essential amino acids was demonstrable in utero weeks before delivery. (AM 


J Osstet GYNECOL 1990;162:253-61.) 


Key words: Intrauterine growth retardation, cordocentesis, fetal amino acid concentrations, 
gestational changes, maternal/fetal amino acid concentration ratios 


Growth in utero relies on the delivery of nutrients 
and oxygen to the fetus through the umbilical circu- 
lation.’ In sheep, umbilical uptake of amino acids ex- 
ceeds the fetal nitrogen accumulation rate both in 
midgestation® and in the late phase of gestation,* in- 
dicating a significant energy production from amino 
acid catabolism. In man, umbilical amino acid concen- 
trations have been described in normal fetuses sampled 
at the time of delivery*® and during the second trimes- 
ter in fetuses undergoing termination of pregnancy.‘ 
With the advent of techniques for sampling the human 
fetus, either during fetoscopy or by cordocentesis,’ it 
has become possible to measure fetal amino acid con- 
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centrations at midgestation.* ° Normal fetuses at both 
midgestation and the late phase of gestation show 
plasma amino acid concentrations significantly higher 
than those of their mothers. This is consistent with the 
presence of active transport systems within the pla- 
centa. 

We have previously reported a significant reduction 
in umbilical total e-aminonitrogen and in the concen- 
tration of most essential amino acids in small-for- 
gestational-age (SGA) infants sampled at cesarean sec- 
tion, as compared with appropriate-for-gestational-age 
(AGA) infants of the same gestational age.® The re- 


‘duction was largely attributable to a reduction in the 


plasma concentrations of the three branched chain 
amino acids valine, leucine, and isoleucine. The present 
study was undertaken to compare fetal amino acid con- 
centrations in normal fetuses at midgestation and at the 
late phase of gestation, and to determine whether the 
reduction of amino acid concentrations found in SGA 
fetuses at term persisted when sampled in utero 
throughout the third trimester before delivery. 


Material and methods 


Cordocentesis: Second trimester. Eleven cordo- 
centeses were performed in normally grown fetuses 


` between 18 and 25 weeks’ gestation according to the 
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Table I. Characteristics of the populations studied 


Gestational age at sampling (wk) 











Birth weight (gm) 






















Mean + SEM Range 





AGA 
Second trimester 21.4 + 0.8 18-25 ti 3253 + 346 2850-3700 t 6 5 
Third trimester 38.5 + 0.2 37-40 *ý 3216 + 106 2830-4080 $ 10 4 
SGA ; 
Third trimester 33.7 + 1.1 27-39 Tt 1667 + 187 650-2800 Tt 6 6 





*AGA second trimester versus AGA third trimester, p < 0.001. 
TAGA second trimester versus SGA third trimester, p < 0.001. 
AGA third trimester versus SGA third trimester, p < 0.001. 


technique described by Daffos et al.'° Fetal blood was 
sampled from the placental insertion of the umbilical 
vein with a 20 gauge needle under ultrasonographic 
guidance. The indications for the procedure were rapid 
fetal karyotyping in five cases, maternal thalassemia 
minor in three cases, and maternal toxoplasmosis in 
three cases. In all cases, fetal analysis did not show 
abnormalities. An estimation of the gestational age was 
obtained by ultrasonographic measurement of the bi- 
parietal diameter at the time of the procedure. All in- 
fants were appropriate for gestational age (AGA) at 
birth according to Italian Neonatal Standards.'"' Ma- 
ternal arterialized blood was sampled at the same time 
of fetal blood sampling according to the technique de- 
scribed by Sonnenberg and Keller.” 

Cordocentesis: Third trimester. Twelve SGA fetuses 
were sampled by cordocentesis between 27 and 39 
weeks’ gestation to assess their metabolic status and to 
obtain a rapid fetal karyotype according to a protocol 
already published." Fetal growth was assessed by ul- 
trasonographic measurements of biparietal diameter 
and cephalic and abdominal circumferences," although 
the diagnosis of fetal growth retardation has been made 
on the basis of the latter two measurements. In all cases 
the diagnosis was confirmed at birth by reference to 
Italian Neonatal Standards."' In 11 of the 12 SGA in- 
fants, birth weight was below the 5th percentile. In one 
infant birth weight was between the 5th and the 10th 
percentile; however, in this infant serial ultrasono- 
graphic measurements in the 4 weeks before delivery 
had shown oligohydramnios and a progressive flatten- 
ing of the fetal growth curve. A maternal arterialized 
sample was collected with the same technique used for 
the second trimester group." Fetal heart rate was mon- 
itored for 4 hours after the procedure and no compli- 
cations were observed. 

Cesarean sections. Because there were no medical 
indications for cordocentesis in normal fetuses during 
the third trimester, the two previous groups were com- 
pared with a group of normal infants sampled at ce- 
sarean section. Fourteen AGA infants were sampled at 


the time of elective cesarean section between 37 and 40 
weeks’ gestation as described in a previous study.® 
Briefly, immediately after delivery of the infant the 
umbilical cord was double-clamped and a sample was 
obtained from the segment of the umbilical vein, the 
same vessel sampled during cordocenteses. Maternal 
blood was sampled from the radial artery at the same 
time. 

In all three groups gestational age was assessed by 
the last menstrual period and by an ultrasonographic 
determination of the biparietal diameter performed 
within the first 20 weeks of pregnancy. Table I describes 
the characteristics of the three groups studied. 

Collection of samples. All samples were collected in 
heparinized syringes. Fetal samples obtained by cor- 
docentesis were collected in 1 ml syringes; 3 ml syringes 
were used to obtain all other samples. The blood was 
kept on ice for a maximum of 20 minutes. 

Amino acid analysis. Plasma was separated by cen- 
trifugation at 3000 rpm for 3 minutes and deprotein- 
ized with sulfosalicylic acid in a proportion of 5 mg of 
sulfosalicylic acid to 100 pl of plasma. After centrifu- 
gation at 14,000 rpm for 3 minutes the supernatant 
fraction was stored at —70° C until analysis. Before 
analysis each supernatant was thawed and amino acid 
determinations were performed on 100 yl of sample 
by ion-exchange chromatography on an automated 
amino acid analyzer (3429 C. Erba, Rodano, Italy). The 
type of column used was a high-pressure monocolumn 
of 22 x 0.4 cm. The detection system was based on a 
photometric reading of triketohydrindine hydrate 
(Ninhydrin) reaction. Norleucine was used as an inter- 
nal standard and calibration was obtained by 0.5 
umol/ml of amino acid standard solution (Sigma 
Chemical Co., St. Louis, Mo.). The interassay coeffi- 
cient of variation of the analysis was +4.0%. 

Statistical analysis. Data are presented as 
mean + SEM. The data were analyzed by one-way 
analysis of variance. All individual means were com- 
pared with the use of Fisher’s method of protected least 
significant differences at the 0.05 significant level. Fetal- 
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Table IJ. Maternal arterial concentrations 



















SGA third SGA third 
























AGA second trimester versus trimester versus 
versus AGA AGA second AGA third 
AGA second AGA third third trimester SGA third trimester trimester 
trimester trimester trimester p Value p Value 


Essential 
Valine 157.5 + 10.0 160.2 + 7.7 NS 153.42 + 8.37 NS NS 
Leucine 77.4 + 3.3 91.5 + 5.5 <0.05 76.92 + 4.26 NS NS 
Isoleucine 39.8 + 2.7 46.8 + 3.0 NS 41.50 + 2.22 NS NS 
Threonine 1554+ 11.0 191.0 + 8.9 <0.05 205.33 + 17.81 <0.05 NS 
Phenylalanine 39.9 + 1.3 33.9 + 1.5 <0.01 46.17 + 2.98 <0.05 <0.001 
Methoinine 14.3 + 0.7 14.4 + 0.6 NS 16.58 + 1.47 NS NS 
Lysine 138.3 + 10.4 142.5 + 5.7 NS 146.00 + 10.98 NS NS 
Histidine 76.1 + 2.5 79.1 + 3.6 NS 99.33 + 11.05 <0.05 <0.05 
Arginine 37.0 + 3.3 34.1 + 3.0 NS 50.83 + 6.36 <0.05 <0.05 
Nonessential 
Glutamine 371.5 + 20.7 341.8 + 13.5 NS 370.17 + 29.51 NS NS 
Alanine 240.8 + 16.2 237.1 + 15.9 NS 290.82 + 63.43 <0.05 <0.05 
Glycine 113.5 + 16.2 117.0 + 9.3 NS 129.17 + 8.04 NS NS 
Serine 80.1 + 6.6 90.8 + 20.9 NS 86.25 + 4.20 NS NS 
Tyrosine 37.3 + 1.6 36.0 + 1.9 NS 41.58 + 4.21 NS NS 
Ornithine 45.7 + 4.6 26.3 + 3.1 <0.01 37.92 + 3.94 NS <0.05 
Taurine 38.8 + 3.9 48.8 + 3.0 <0.05 29.50 + 3.77 NS <0.001 
Asparagine 5.1 + 1.0 7.01.1 NS 7.00 + 1.06 NS NS 
Glutamate 43.4 + 7.1 86.7 + 5.1 <0.001 48.00 + 4.51 NS <0.001 
Proline 102.5 + 9.5 106.1 + 4.4 NS 113.91 + 6.54 NS NS 
Hydroxyproline NA NA NA NS NS 


Values are expressed as pmol/L. 
Values are mean + SEM. 


maternal relationships were analyzed by a linear regres- 
sion analysis determined by the least squares method. 
Regression lines were compared by multiple regression 
analysis, testing for equal slopes and equal elevations. 


Results 


Plasma amino acid concentrations in normal fetuses 
at midgestation and the late phase of gestation. In 
normal fetuses the concentration of most amino acids 
did not change significantly between the second and 
third trimesters; total mmol/L concentrations were 
2.97 + 0.10 mmol/L in the second trimester and 
3.13 + 0.05 mmol/L in the third trimester. Fetal/ma- 
ternal molar concentration ratios were 1.66 + 0.04 in 
the second trimester and 1.66 + 0.04 in the third 
trimester. Tables II and III present the mean maternal 
and fetal concentrations for 20 amino acids in normal 
fetuses sampled at midgestation and at the late phase 
of gestation. 

In the maternal artery there was a significant reduc- 
tion in ornithine and phenylalanine plasma concentra- 
tions between the second and third trimesters, whereas 
leucine, threonine, taurine, and glutamic acid increased 
with gestational age. Nonetheless, total molar concen- 
trations in the maternal artery did not change sig- 
nificantly (1.81 + 0.05 mmol/L versus 1.90 + 0.05 
mmol/L in the second versus the third trimester, re- 
spectively). In the umbilical vein, significantly lower 


concentrations were found in the third trimester for 
methionine, phenylalanine, and tyrosine, whereas his- 
tidine and glycine were significantly higher, as com- 
pared with concentrations of second-trimester fetuses. 

Amino acid concentrations in SGA fetuses sampled 
between 27 and 39 weeks’ gestation. Table II compares 
maternal amino acid concentration in SGA pregnancies 
to values obtained in normal pregnancies. Mothers of 
SGA fetuses had significantly higher concentrations of 
phenylalanine, histidine, arginine, and alanine than 
those of mothers of AGA fetuses in both the second 
and third trimesters. However, total molar amino acid 
concentration was 1.96 + 0.10 mmol/L, not signifi- 
cantly different from that of mothers of normal fetuses 
in both second and third trimesters. Table IV shows 
the mean plasma amino acid concentrations in the um- 
bilical vein of SGA fetuses sampled by cordocentesis 
between 27 and 39 weeks’ gestation. Also in Table IV, 
mean plasma amino acid concentrations in SGA fetuses 
are compared with values obtained in normal fetuses 
during the second and third trimesters reported in 
Table III. SGA fetuses had significantly lower concen- 
trations of the branched chain amino acids valine, leu- 
cine, and isoleucine and lysine and serine, as compared 
with those of normal fetuses in the second and third 
trimesters. Histidine, glycine, and taurine were signif- 
icantly reduced in SGA fetuses, as compared with AGA 
fetuses at term. Total a-aminonitrogen was also signif- 
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Fig. 1. Relationship of a-aminonitrogen contained in essential amino acids in umbilical vein versus 
values in maternal artery for second-trimester AGA (0), third-trimester AGA (@), and SGA (Y) fetuses. 
For AGA fetuses, umbilical venous concentration = 0.110 + 1.827 (maternal arterial concentration), 
‘ry = 0.70, p < 0.001. For SGA fetuses, umbilical venous concentration = 1.175 + 0.518 (maternal 
arterial concentration), r = 0.46, p < 0.07). 
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Fig. 2. Relationship of sum of branched chain amino acids (BCAA) in umbilical venous plasma to 
maternal arterial values in third trimester AGA (@), second trimester AGA (0), and SGA (V) fetuses. 
For third-trimester AGA fetuses, umbilical venous concentration = 126.37 + 1.07 (maternal arterial 
concentration); p< 0.001, r = 0.82. For second-trimester AGA fetuses, umbilical venous concen- 
tration = 77.13 + 1.41 (maternal arterial concentration); p < 0.001, r = 0.88. For SGA fetuses, 
slope is essentially equal to zero. 


icantly reduced in SGA fetuses: 54.0 + 1.6 mg/L in 
SGA fetuses compared with either AGA fetuses at term, 
63.9 + 1.1 mg/L (p < 0.001), or AGA fetuses in the 
second trimester, 60.1 + 2.5 mg/L (p < 0.05). The to- 
tal a-aminonitrogen represented by the essential amino 
acids was also significantly reduced in SGA fetuses: 
26.1 + 1.2 mg/L in SGA fetuses, 30.0 + 1.8 mg/L in 


AGA fetuses of the second trimester (p < 0.08), and 
31.2 + 0.8 in AGA fetuses of the third trimester 
(p < 0.001). Fig. 1 presents the relationship between 
a-aminonitrogen contained in essential amino acids in 
the umbilical vein versus values in the maternal artery 
for AGA (y = 0.110 + 1.827x, r = 0.70, p< 0.001) 
and SGA (y = 1.175 + 0.518x, r = 0.46, p < 0.07) fe- 
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Umbilical venous concentrations 





Fetal/ maternal concentration 












Second 
trimester 


Third 
trimester 





Essential 
Valine 277.4 + 14.6 251.1 + 8.8 
Leucine 118.0 + 5.9 133.6 + 6.1 
Isoleucine 67.6 + 2.9 67.6 + 3.7 
Threonine 275.7 + 22.7 315.8 + 17.6 
Phenylalanine 70.3 + 2.2 60.7 + 1.8 
Methionine 30.3 + 0.9 24.3 + 1.1 
Lysine 382.7 + 25.9 373.6 + 10.8 
Histidine 92.8 + 8.6 109.6 + 3.5 
Arginine 73.0 + 7.2 71.7 +74 
Nonessential 
Glutamine 448.6 = 22.3 455.4 + 20.3 
Alanine 307.6 + 11.1 323.9 + 14.8 
Glycine 155.0 + 5.2 257.8 + 15.6 
Serine 148.9 + 6.9 151.8 + 14.0 
Tyrosine 79.1 + 4.9 58.9 + 2.2 
Ornithine 98.5 + 6.5 87.6 + 7.8 
Taurine 116.0 + 6.0 144.0 + 20.5 
Asparagine 7111 10.7 + 1.4 
Glutamate 46.4 + 10.5 68.7 + 13.1 
Proline 166.7 + 16.2 144.1 + 5.0 
Hydroxyproline 36.9 + 4.2 28.1 + 0.5 


Values are expressed as pmol/L. 
Values are mean + SEM. 


tuses. AGA fetuses of the second and third trimesters 
are pooled together because they were not significantly 
different. The relationship for SGA fetuses was signif- 
icantly different from that of AGA fetuses both in el- 
evation (p < 0.001) and in slope (p < 0.05). 

The sum of the three branched chain amino acids 
in the umbilical vein was directly related to maternal 
values in normal fetuses of the second and third trimes- 
ters (second trimester: y = 77.13 + 1.41x, r = 0.88, 
p < 0.001; third trimester: 126.37 + 1.07x, r = 0.82, 
p < 0.001) (Fig. 2). In SGA fetuses the relationship was 
significant only for fetuses sampled after 35 weeks’ ges- 
tation (y = 104.63 + 0.98x, r = 0.71, p < 0.07) and the 
relationship was significantly different in elevation 
(p < 0.05) but not in slope from that of normal fetuses 
of both the second and third trimesters. When all SGA 
fetuses were considered, the slope was essentially zero, 
and there was a significant difference both in elevation 
(p < 0.005) and in slope (p < 0.05) from AGA fetuses 
of the second and third trimesters. 

Fetal/maternal relationships. Table III includes the 
fetal/maternal ratios of amino acids in normal fetuses 
during the second and third trimesters. For most there 
were no significant changes. Glycine was the only amino 
acid in which the ratio increased significantly as a result 
of an increase in fetal glycine (1.40 + 0.05 in the sec- 
ond trimester versus 2.27 + 0.15 in the third trimester, 
p < 0.001). As shown in Table V, there was a significant 


















Second 
trimester 


Third 
trimester 








p Values p Values 


NS 1.8 + 0.1 1.6 + 0.0 <0.05 
NS 1.5 + 0.1 1.5 + 0.1 NS 
NS 1.8 + 0.1 1.5 + 0.1 <0.05 
NS 18+ 0.1 1.6 + 0.1 <0.01 
<0.05 17+ 0.1 1.8 + 0.1 NS 
<0.01 252 E0] 1.7 + 0.1 <0.05 
NS 2.9 + 0.1 2.7 + 0.1 NS 
<0.05 13 + 0.1 1.4 + 0.1 NS 
NS 21 0.1 2.4 + 0.3 NS 
NS 1.2 + 0.0 1.3 + 0.1 NS 
NS 1.3 + 0.1 1.4 0.1 NS 
<0.001 1.4 + 0.1 2.3 + 0.2 <0.001 
NS 1.9 + 0.1 1.7 + 0.1 NS 
<0.001 2.0 + 0.1 1.7 + 0.2 <0.05 
NS 2.4 + 0.2 3.3 + 0.5 <0.05 
NS 3.3 + 0.4 3.1 + 0.4 NS 
NS 1.4 + 0.3 2.3 + 0.8 NS 
NS 10+ 0.1 0.8 + 0.2 NS 
NS 1.7 + 0.2 1.4 + 0.0 <0.05 
NS NA NA NA 


relationship between umbilical venous plasma concen- 
trations and maternal arterial plasma concentrations 
for most amino acids in normal fetuses of the second 
and third trimesters and in SGA fetuses. 

The fetal/maternal total molar concentration ratio 
for essential a-aminonitrogen was 1.43 + 0.08 in SGA 
fetuses compared with 1.93 + 0.06 (p < 0.001) and 
1.91 + 0.07) (p < 0.001) in AGA fetuses of the second 
and third trimesters, respectively. Table IV includes the 
fetal/maternal ratio of amino acids in SGA fetuses and 
compares them with values obtained in normal fetuses 
during the second and third trimesters reported in 
Table III. The fetal/maternal ratio was reduced for 
most amino acids because of reductions in fetal con- 
centrations. Phenylalanine, histidine, arginine, and al- 
anine were exceptions in that their fetal/maternal ratios 
were reduced as a result of an increase in maternal 
concentrations. 


Comment 


The maternal organism undergoes a series of met- 
abolic adaptations during pregnancy to sustain the 
growth of the fetus and uteroplacenta. Previous in- 
vestigators have shown that there is a decreasing 
a-aminonitrogen level during pregnancy. In 1947 
Bonsnes™ showed that the maternal amino acid con- 
centration is lower during pregnancy, returning to nor- 
mal levels on the first or second day after birth. The 
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SGA third 






trimester Versus 
AGA second 
SGA third trimester 
trimester p Values 


Essential 
Valine 202.17 ; 9.16 <0.001 
Leucine 91.83 + 5.96 <0.01 
Isoleucine 51.83 + 2.65 <0.01 
Threonine 281.92 + 17.71 NS 
Phenylalanine 65.75 + 3.91 NS 
Methionine 21.83 + 1.73 <0.001 
Lysine 310.17 + 24.90 <0.05 
Histidine 93.75 + 3.83 NS 
Arginine 61.75 + 4.21 NS 
Nonessential 
Glutamine 426.58 + 26.25 NS 
Alanine 990.64 + 14.27 NS 
Glycine 186.42 + 8.15 NS 
Serine 125.17 + 5.65 <0.01 
Tyrosine 54.83 + 4.68 <0.001 
Ornithine 79.75 + 5.56 NS 
Taurine 78.25 + 8.60 NS 
Asparagine 7.11 + 1.82 NS 
Glutamate 52.83 + 8.49 NS 
Proline 141.08 + 5.06 NS 
Hydroxyproline 29.67 + 9.95 NS 


Umbilical venous amino acid concentrations 


. SGA third 











Fetal/ maternal 
concentration ratios 













SGA third SGA third 




















trimester trimester versus trimester 
versus AGA AGA second versus AGA 
third trimester SGA third trimester third trimester 
p Value trimester p Values p Values 





<0.01 1.36 + 0.10 <0.01 NS 
<0.001 1.21 + 0.07 <0.001 <0.01 
<0.01 1.29 + 0.11 <0.01 NS 
NS 1.37 + 0.05 <0.001 <0.01 
NS 1.45 + 0.08 <0.01 <0.01 
NS 1.42 + 0.18 <0.01 - NS 
<0.05 2.20 + 0.19 <0.01 <0.05 
<0.05 1.02 + 0.07 <0.05 <0.001 
NS 1.38 + 0.16 <0.05 <0.01 
NS 1.29 + 0.21 NS NS 
NS 1.01 + 0.14 <0.001 <0.001 
<0.001 1.50 + 0.09 Ns <0.001 
<0.01 1.49 + 0.09 <0.01 NS 
NS 1.39 + 0.12 <0.001 <0,05 
NS 2.30 + 0.23 NS <0.05 
<0.01 2.84 + 0.26 NS ‘ NS 
NS 0.94 + 0.12 NS NS 
NS 1.28 + 0.30 NS NS 
NS 1.27 + 0.06 <0.05 NS 
NS NS i NS 





Values are expressed as pmol/L. 
Values are mean + SEM. 


maternal hypoaminoacidemia is already well estab- 
lished as early as the first trimester in human beings,” 
or the twelfth day of pregnancy in rats.’® 

On the contrary, there is no agreement on the 
changes that occur in maternal amino acid concentra- 
tions throughout pregnancy. Whereas Gilbert and 
Pegorier” reported a 2.5-fold increase in plasma ala- 
nine concentration at term, as compared with midges- 
tation in the rat, Morriss and associates” found that in 
sheep only lysine concentration increased as gestation 
progressed, whereas the concentration of seven amino 
acids decreased significantly. In human beings, Young 
and Prenton‘ found significantly higher concentrations 
of ‘serine, alanine, and cystine in the maternal venous 


plasma at 16 to 19 weeks’ gestation (“termination” 


group) than at term, whereas Schoengold et al.’* re- 
ported a significant increase in threonine and a de- 
crease in arginine in maternal venous plasma between 
the second and the third trimesters. In our study we 
found changes in the maternal concentration of indi- 
vidual aminoacids; leucine, threonine, taurine, and glu- 
tamate increased, whereas phenylalanine and ornithine 
decreased at term, as compared with midgestation. 
However, for most amino acids the concentrations were 
relatively constant and the maternal total molar con- 


centration did not change between the second and third 
trimesters. 

This study reports amino acid concentrations in nor- 
mal fetuses sampled in utero during the second trimes- 
ter. McIntosh et al.* and Soltesz et al.” have described 
the normal fetal amino acid pattern at midgestation in 
patients undergoing fetoscopy. Kamoun etal.’ reported 
fetal amino acid concentrations obtained by cordocen- 
tesis from normal pregnancies. Our data are compa- 
rable to the results reported in these studies and the 
differences among studies are likely to be a reflection 

- of differences in methods with regard to the collection 
of samples (i.e., fetoscopy versus cordocentesis) and 
differences in gestational age rather than differences 
in chemical methods. 

In our study, fetal amino acid concentrations were 
significantly correlated to maternal concentrations for 
most amino acids in normal fetuses sampled in utero 
during the second trimester. This is in agreement with 
data obtained at fetoscopy by Soltesz et al.? This rela- 
tionship was found for many amino acids also in normal 
fetuses at term and in SGA fetuses. 

In this study, fetal amino acid concentrations ob- 
tained by cordocentesis in normal fetuses during the 
second trimester have been compared with values ob- 
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Table V. Relationship between fetal and maternal plasma amino acid concentrations 





Second trimester 








Essential : 
Valine 0.82 <0.01 
Leucine 0.85 <0.001 
Isoleucine 0.84 <0.01 
Threonine 0.96 <0.001 
Phenylalanine — — 
Methionine — _ 
Lysine 0.82 <0.01 
Histidine 0.59 0.07 
Arginine 0.77 <0.05 
Nonessential 

Glutamine 0.90 <0.001 
Alanine 0.69 <0.05 
Glycine 0.58 0.08 
Serine 0.85 <0.01 
Tyrosine 0.67 <0.05 
Ornithine 0.80 <0.01 
Taurine — — 
Asparagine 0.75 <0.05 
Glutamate 0.92 <0.001 
Proline — — 
Hydroxyproline NA 





Third trimester SGA third trimester 








0.86 <0.001 — — 
0.76 <0.01 0.60 <0.05 
0.75 <0.01 5 = 
0.86 <0.001 0.89 <0.001 
— — 0.70 <0.01 
0.67 <0.05 = — 
= z 0.65 <0.05 
0.68 <0.05 0.79 <0.01 
0.57 + = = 
0.76 <0.001 0.83 <0.01 
0.68 * — = 
— — 0.60 <0.05 
— — 0.88 <0.01 
0.73 <0.01 =e z 
NA NA 





tained in term normal infants at the time of elective 
cesarean section. This is a necessary comparison be- 
cause data from normal fetuses cannot be collected 
in utero during the third trimester. Hence, this com- 
parison forms the reference group or controls against 
which data collected from pregnancies complicated by 
intrauterine growth retardation or other pathologic 
processes may be compared. Glycine was the only 
amino acid to exhibit a significant increase in fetal 
plasma of normal fetuses during the second trimester 
and at term. Glycine is a neutral, nonessential amino 
acid, central to different metabolic pathways, which ex- 
hibits significant umbilical uptake’ but little uterine up- 
take in the sheep.’*'° Thus increased umbilical venous 
concentrations at term may reflect an increased pla- 
cental production because maternal concentrations do 
not change between the second and third trimesters. 
Although phenylalanine, methionine, and tyrosine 
plasma concentrations were significantly reduced in late 
gestation, as compared with midgestation normal fe- 
tuses, fetal total amino acid concentrations did not vary 
between the second and third trimesters. This finding 
is in agreement with data obtained in the catheterized 
fetal lamb in which a-aminonitrogen does not change 
significantly between midgestation and late gestation.” 

For those substrates with concentrations that differ 
in normal fetuses from midgestation to late gestation, 
there is no adequate control against which to compare 
data collected in complicated pregnancies. This is il- 
lustrated by the data for glycine (Fig. 3A), an amino 


acid with a concentration that is different in normal 
fetuses of different gestational ages, as compared with 
the data for threonine (Fig. 3B) with a concentration 
that is relatively constant. It is clear that threonine 
concentration is lower in SGA infants than in either 
control group, but no such conclusion can be drawn 
for glycine. 

A significant reduction in a-aminonitrogen was 
found in SGA fetuses sampled in utero when compared 
with that in term AGA fetuses. This finding confirms 
previous observations by our group® on SGA fetuses at 
term. Thus the reduction in a-aminonitrogen can be 
detected in some SGA fetuses in utero as early as 27 
weeks’ gestation. This study also confirms that the neu- 
tral branched chain amino acids valine, leucine, and 
isoleucine are reduced in SGA fetuses sampled earlier 
in gestation. The branched chain amino acids are ex- 
tensively used within the fetus and placenta for both 
protein synthesis and energy production. In the fetal 
lamb, van Veen et al.% have shown that the leucine 
oxidation rate represents approximately 18% of the 
leucine disposal rate. Moreover, Kennaugh et al.” have 
shown that both protein synthetic rate and leucine ox- 
idation rate per gram dry weight are higher in the fetal 
lamb at midgestation than at term. Studies in the fetal 
lamb have shown that the umbilical uptake of the basic 
amino acids lysine and histidine is of the same order 
of magnitude as their estimated fetal accretion rates.* 
A reduction in the umbilical uptake of these amino 
acids might imply a restriction in fetal growth rate. Our 
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Fig. 3A. Relationship of plasma glycine concentrations in umbilical vein compared with maternal 
arterial plasma in second-trimester AGA (0), third-trimester AGA (@), and SGA (V) fetuses. 
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Fig. 3B. Relationship of plasma threonine concentrations in umbilical vein compared with maternal 
arterial plasma in second-trimester AGA (0), third-trimester AGA (8), and SGA (v) fetuses. 


data in SGA fetuses are consistent with a study of pla- 
cental amino acid uptake in AGA and SGA pregnan- 
cies.” In this study, placental uptake of methylamino- 
isobutyric acid by vesicles isolated from the villous 
membrane of syncytiotrophoblast was found to be sig- 
nificantly reduced in SGA pregnancies, as compared 
with AGA pregnancies. 

We had previously shown that in normal fetuses um- 
bilical venous-arterial concentration differences were 
significantly positive for most essential aminoacids and 
for total a-aminonitrogen. In SGA fetuses the umbilical 
venous-arterial concentration differences were signifi- 
cant only for four essential amino acids, whereas total 


a-aminonitrogen venous-arterial differences were not 
significant. Therefore the reduced umbilical venous 
concentrations may reflect a reduction in umbilical up- 
take because umbilical blood flow is also reduced in 
SGA fetuses. 

In our study, total maternal amino acid concentra- 
tions were not different in mothers of SGA infants, as 
compared with mothers of AGA infants. However, phe- 
nylalanine, histidine, arginine, and alanine concentra- 
tions were significantly higher in mothers of SGA in- 
fants. This observation has been reported for alanine 
in previous studies." Alanine is a key amino acid for 
its role in gluconeogenesis and in the adaptations to 
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starvation. In rats use of alanine is incr eased during 
pregnancy” mainly by an increase in alanine uptake by 
the liver that occurs between days 9 ‘and 12 of preg- 
nancy.” | 
This study illustrates some of the difficulties in the 
establishment of appropriate controls against which 
` pathologic pregnancies may be compared. Inasmuch 
as blood samples can be obtained only at midgestation 
during procedures for other indications, usually ge- 
netic diagnosis, and at the time of delivery in the late 


phase of gestation, no appropriate control data can be 


obtained during the third trimester. Despite these lim- 


itations, this study confirms and extends our previous ` 
observations that there is a significant reduction in Q- . 
aminonitrogen and in-most essential amino acid čon-' 


centrations in umbilical vein plasma of SGA infants, as 


compared with normal infants and that these differ- 


ences can be detected as early as week 27 in utero, which 
represents an imbalance in amino acid concėntrations 
that is present for many weeks in utero. Whether the 


effect of these differences is causally related to intra-.- 
uterine growth retardation or is a consequente OE I 


requires further study. = - xi 
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Effects of hypoxemia with and without acidemia on the 
isometric contraction time and the electromechanical delay of 
the fetal myocardium: An experimental study on the 


ovine fetus 


Jean-Claude Fouron, MD, Josée S. Lafond, PhD, and Harry Bard, MD 


Montreal, Quebec, Canada 


This study assessed the response of the preejection period during hypoxemia with and without acidemia. 
In five pregnant ewes, hypoxemia was created during 1 hour followed by fetal infusion of lactic acid during 
2 hours. A micromanometer catheter positioned above the fetal aortic valve, an endocavitary 
phonocardiogram, and a fetal electrocardiogram allowed measurements of the two components of the 
preejection period—the isometric contraction time and the electromechanical delay. At the onset of 
hypoxemia, because of changes in isometric contraction time, the preejection period began to shorten. 
When acidemia was induced, the preejection period modified slowly in the opposite direction and 
lengthened, initially because of a prolongation of electromechanical delay and later because of an increase 
in the already shortened isometric contraction time. This process developed slowly and at the end of 2 
hours of acidemia, preejection periods were back to preexperimental values. It can be concluded that 
systolic time intervals can be normal and misleading when acidosis complicates hypoxemia. (AM J OBSTET 


GYNECOL 1990;162:262-6.) 


Key words: Fetal monitoring, systolic time interval, hypoxemia, acidemia 


In obstetric practice the criteria more frequently used 
during fetal monitoring are related to the cardiovas- 
cular system. Besides the heart rate and its variability, 
attention also has been focused on the fetal systolic time 
intervals, namely the preejection period and the ejec- 
tion time. It is generally accepted that hypoxemia ini- 
tially causes a shortening of the preejection period.' In 
a later stage, when metabolic acidosis develops, a sig- 
nificant prolongation of this interval is observed.? The 
first change is believed to be related to catecholamine 
release and the second to myocardial dysfunction. 
However, the duration of the switch-over period from 
a shortened to a prolonged preejection period is not 
known. Furthermore, the preejection period comprises 
two intervals—the electromechanical delay and the iso- 
metric contraction time. What actually happens to these 
two components during this transitional period be- 
tween the two stages of hypoxia has never been spe- 
cifically studied. If systolic time intervals of the fetal 
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heart are to be used in routine fetal monitoring, un- 
derstanding of the mechanisms involved during their 
pathologic changes (particularly during hypoxia), is ob- 
viously of great importance. 

This study was devised to assess the time course of 
the response and the respective roles played by both 
the isometric contraction time and the electromechan- 
ical delay in the alterations of the preejection period 
observed during experimentally induced hypoxemia 
with and without acidemia. The fetal lamb was used as 
an experimental model. 


` Material and methods 


Surgical protocol. This study protocol was approved 
by the Ethical Committee for the care and use of ani- 
mals of our institution. Five pregnant sheep of known 
gestational age (130 to 135 days) were prepared for 
these experiments. They underwent fasting for 36 
hours and were given water as desired. The surgical 
technique used for catheter installation has been de- 
scribed previously.’ Polyethylene and micromanometer 
catheters (model PC-350C, Millar Instruments, Inc., 
Houston, Tex.) were introduced into the right fetal 
carotid artery and positioned just above the aortic 
valves. The polyethylene tubing was used for blood 
sampling and pressure recordings. Pressure tracings 
from the micromanometer catheter were amplified and 
used for systolic time interval measurement because of 


Volume 162 
Number } 


Fetal systolic time intervals and hypoxemia 263 


ICT 


EMD 


| | 
Fig. 1. Types of tracings used for measurement of fetal systolic time intervals. From top to bottom: 


electrocardiogram, pressure tracing, and phonocardiogram. PEP, preejection period; ICT, isometric 
contraction time; EMD, electromechanical delay; ET, ejection time. 


Table I. Arterial blood gas and pH during hypoxemia with and without acidemia 


Po, (mm Hg) Pco; (mm Hg) pH 


Basal state 19.7 + 1.0 
Hypoxemia without acidemia 
15 minutes 13.4 + 0.9% 
30 minutes 13.6 + 1.0* 
45 minutes 13.8 + 1.6* 
60 minutes 13.1 + 1.0* 
Hypoxemia with acidemia 
90 minutes 11.4 + 0.6* 
120 minutes 11.6 + 0.6* 
150 minutes 12.9 + 0.5* 
180 minutes 14.1 + 0.8* 


414+ 2.5 7.40 + 0.01 
35.8 + 2.1* 7.42 + 0.03 
34.7 + 2.7* 7.40 + 0.02 
35.7 + 2.4* 7.34 + 0.04 
34.4 + 2.9* 7.39 + 0.03 
42.7 + 0.5 7.27 + 0.02* 
41.4 + 0.6 7.19 + 0.01* 
42.5 + 2.2 7.09 + 0.04* 
44.4 + 1.6 7.01 + 0.07* 





*p < 0.05 Compared with basal state. 


their high fidelity and the absence of time delay. This 
catheter also had a captor, which allowed recording of 
an endocavitary phonocardiogram. Three silver elec- 
trodes were also placed into the fetal thoracic subcu- 
taneous tissue for fetal electrocardiogram recording. 
The animals were allowed to recuperate for at least 3 
days." 

Experimental design. Fetal hypoxemia was created 
by having the mother breathe a mixture of 10% oxygen, 
4% carbon dioxide, and 86% nitrogen for 1 hour. Dur- 
ing the next 2 hours, in addition to the hypoxemia, 
acidemia was induced by intravenous administration to 
the fetus of 1.5 mol/L lactic acid in 5% dextrose in 
water at a rate of 0.5 ml/min. This infusion rate was 
regulated to maintain the blood pH at 7.1. 

Data collection. Fetal blood gases (Paos, Pacos, and 
pH) were measured (Instrumentations Laboratory Inc., 





Lexington, Mass.), two times before and every 15 min- 
utes during the period of experimentation. The types 
of tracings used for measurement of systolic time in- 
tervals are shown in Fig. 1. These tracings were re- 
corded twice before and every 10 minutes during 
hypoxemia and acidemia. The preejection period is 
represented by the time between the beginning of the 
Q wave of the electrocardiogram and the ascent of the 
aortic pressure; the ejection time is the interval between 
the beginning of the ascending limb of the arterial pres- 
sure tracing and the nadir of the dicrotic notch. The 
electromechanical delay is defined by the interval be- 
tween the beginning of the Q wave of the electrocar- 
diogram and the first high-frequency deflection of the 
phonocardiogram, and the isometric contraction time 
represents the difference between the preejection pe- 
riod and the electromechanical delay. Each value given 
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Table II. Changes in systolic time intervals during hypoxemia with and without acidemia 

















Preejection period 
(nsec) 


Basal state 49 + 3 
Hypoxemia without acidemia í 
10 minutes 43 + 3* 
20 minutes 43 + 2* 
30 minutes 44 + 3 
40 minutes 42 + 3* 
50 minutes 45 + 2* 
60 minutes 43 + 2* 
Hypoxemia with acidemia , 
90 minutes 43 + 3* 
120 minutes 44 + 3* 
150 minutes 48 +4 
180 minutes 49 + 3 






Isometric contraction time 










Electromechanical delay 
(nsec) 


Ejection time 


(msec) (msec) 


18 +2 31 +2 139 + 5 
15 + 2* 28 + 3 148 + 4 
13 + 1* 30 + 2 140 +5 
14 + 1* 30 +2 l4 +4 
l4 + 2* 28] 142 + 5 
13 + 1* 32 +2 144 + 2 
13 + 1* 30+ 2 138 + 5 
14 + 9 98 + 2 148 +8 
13 + ]* 31+1 146 +8 
14 + 1* 34 + 1* 141 +5 
16+ 1 33 + 1* 14]. +5 





*p < 0.05 Compared with basal state. 


in this article represents an average of 5 consecutive 
cardiac cycle measurements. The fetal heart rate was 
derived from the interval between the two R waves on 
the fetal electrocardiogram. 

Statistical analysis. Data are given as means + 
SEMs. The results are analyzed by standard analysis of 
variance for repeated measurements. 


Results 


Hypoxemia without acidemia. A significant fall was 
observed in fetal Pao, and Paco, from 19 + 1 and 
41 + 2 mm Hg to 13 + I and 34 + 3 mm Hg, re- 
spectively (p < 0.05). No significant change was noted 
in the pH (7.40 before and 7.39 at the end of hypox- 
emia) (Table I). 

The modifications observed in the systolic time in- 
tervals during hypoxemia are shown in Table H. Short- 
ening of the preejection period was noted immediately 
after the beginning of hypoxemia from a basal state of 
49 + 3 msec to 43 + 3 msec (p < 0.05). Analysis of the 
two components of the preejection period shows that 
a decrease in isometric contraction time is solely re- 
sponsible for the alteration of the preejection period. 
The electromechanical delay remained unchanged. A 
significant change in ejection time and heart rate was 
not found. Heart rate started at a mean of 180 + 6 
and was 178 + 9 after 60 minutes of hypoxemia. The 
arterial pressure rose from an average baseline value 
of 56/34 mm Hg to values of 74/44 mm Hg at the end 
of the hypoxemia period. 

Hypoxemia with acidemia. The lactic acid caused a 
decrease in pH to an average of 7.01 + 0.07 at the end 
of the 2 hours of infusion (Table I). The Pco, pro- 
gressively rose during this acidotic stage (final value, 
44 + 1.6 mm Hg) (Table I). The changes in systolic 
time intervals are presented in Table II. Values of iso- 





metric contraction time and electromechanical delay 
remained unchanged throughout the first hour of ac- 
idemia. It is only during the second hour of lactic 
acid infusion that electromechanical delay started to 
lengthen. This was followed by a gradual increase in 
the already shortened isometric contraction time. This — 
caused prolongation of the preejection period (com- 
pared with hypoxemia alone), which reached the final 
value of 49 + 3 msec at the end of 2 hours of combined 
hypoxia and acidemia. However, this last value was not 
different from the normal data recorded before the 
start of the experiment. The chronologic aspects of 
these changes in relation to the onset of hypoxemia 
with and without acidemia are shown in Fig. 2. A sig- 
nificant change was not observed in the fetal heart rate 
during this phase of the experiment (final value, 
180 + 9 beats/min). 


Comment 


This study shows that the preejection period of the 
fetal heart shortens during the early phase of hypox- 
emia, in agreement with previous reports.’ The concept 
that a marked increase in plasma catecholamines is 
responsible for this change is supported by our obser- 
vation that changes in the preejection period were en- 
tirely because of a shortening of the isometric con- 
traction time, reflecting improvement in myocardial 
contractility. A catecholamine surge could also be re- 
sponsible for the increase in arterial pressure observed. 
It must be emphasized that although this increase in 
afterload could potentially counteract the direct effect 
of catecholamines on the systolic time interval by caus- 
ing a prolongation of the preejection period, this never 
occurred in any of the experiments. The fact that this 
change in the preejection period is constant and quickly 
follows the onset of hypoxemia makes this systolic time 
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Fig. 2. Chronologic aspects of changes (expressed in percentage) of isometric contraction time (ICT) 
and electromechanical delay (EMD) during hypoxemia with and without (hatched area) acidemia. Line 
joins percentages of change of preejection period during same periods. 


interval potentially interesting as an index of fetal ox- 
ygenation. 

When acidemia is added to the hypoxemia, the pre- 
ejection period tends to change in the opposite direc- 
tion and starts to lengthen. Contrary to the observations 
made during hypoxemia alone, the changes observed 
with acidemia develop relatively slowly. After 2 hours 
of hypoxemia and acidemia, with pH as low as 7.0, 
preejection period values were back to or slightly higher 
than those observed at the basal state. This study fur- 
ther shows that this prolongation is first related to an 
interference with the depolarization process, causing 
an increase in the electromechanical delay. Publications 
that have shown a more rapid effect of acidosis on the 
preejection period, have studied acidemia in fetuses 
that previously had normal oxygenation with myocar- 
dium that presumably was not under the effect of high 
levels of catecholamines. Acidemia has been shown to 
potentiate the plasma catecholamine response to hy- 
poxemia in fetal sheep.’ In this respect, our study re- 
produces more closely the situation generally observed 
in clinical settings in which acidemia follows variable 
periods of hypoxemia. One can speculate that in this 
study a longer period of acidemia would have had more 
effects on myocardial contractility and caused greater 
prolongation of the preejection period. However, the 
experiments were stopped because the main objective 
of the study, which was to assess the time response of 
the systolic time interval changes during the transition 
from compensated hypoxemia to hypoxemia with aci- 
dosis, was fulfilled. l 

Systolic time intervals of the fetal heart can be re- 
corded with most available ultrasonographic equip- 
ment used for routine echocardiography that have real- 
time, Doppler, and M-mode recording facilities. The 


fact that the preejection period changes in opposite 
directions, depending on the stage of hypoxemia, could 
in theory be considered as an advantage for fetal mon- 
itoring. A shortened preejection period would mean 
compensated hypoxemia (normal pH), whereas a pro- 
longed preejection period should signal decompen- 


. sated hypoxemia (low pH) as a result of metabolic ac- 


idosis. However, the transitional period could last 
long enough to be misleading. Indeed, on the basis of 
this study, an isolated recording of a normal preejec- 
tion period value could mean either that the fetus is 
well oxygenated or is going through a transitional 
phase from compensated to decompensated hypox- 
emia. Cases have been reported of fetuses that exhib- 
ited a return to normal after an abnormal preejection 
period while clinical deterioration occurred that led to 
death.* It is obvious that for systolic time interval to be 
of any value as a parameter of fetal monitoring, con- 
tinuous or frequent short-interval recordings are man- 
datory. This would be the only way to recognize patho- 
logic changes and allow for the correct interpretation 
of the misleading false-normal preejection period val- 
ues that occur during the development of acidosis after 
a period of chronic hypoxemia. At this time, systolic 
time interval can be useful for experimental studies but 
cannot replace conventional means of fetal surveillance. 


We thank Marie-Thérése Rabeau for her technical 
assistance. 
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CA 125 is released by human amnion cells in culture 


Antonella Barbati, PhD, Maurizio M. Anceschi, MD, PhD, Lorena Broccucci, BSc, and 


Ermelando V. Cosmi, MD 
Perugia, Italy 


CA 125 was measured in the medium of human amnion cells in primary culture after confluence. The 
antigen accumulated as a function of time with a median value of 1897 U/mg protein after 7 days in 
culture. CA 125 was detectable by immunoperoxidase staining in the cells, which supports the possibility 
that amnion cells play a role as a source of the CA 125 found in the amniotic fluid. (Am J OBSTET GYNECOL 


1990;162:266-8.) 


Key words: CA 125, amnion cells, immunoperoxidase 


The antigenic determinant CA 125, identified with 
the murine monoclonal antibody OC 125! and first 
found in more than 80% of ovarian epithelial tumors,” 
has been reported in a variety of other gynecologic 
diseases** and in normal biologic fluids such as cervical 
mucus, seminal plasma (unpublished data), serum of 
pregnant women in the first trimester of gestation, and 
in amniotic fluid.** With the use of immunoperoxidase 
techniques, traces of CA 125 have been detected in fetal 
müllerian duct derivatives, fallopian tube, endome- 
trium, endocervix, pleura, and pericardium,’ and re- 
cently in placental tissue.**” 

This study was undertaken to investigate a putative 
role of isolated amnion cells in culture in the production 
and release of CA 125. 


Material and methods 


Human amnion cells were isolated from three term 
placentas obtained at the time of elective cesarean sec- 
tion. Amnion tissue was removed from extraplacental 
membranes by blunt dissection and minced into small 
pieces. Cells were dispersed by repeated digestion with 
trypsin solution 0.25% (2 x 45 minutes at 37° C). Cells 
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Days post-confluency 


Fig. 1. Time course of accumulation of CA 125 in medium 
of human amnion cells in primary monolayer culture 
(mean + SEM, replicates of three wells, culture form three 
different term membranes). Levels at day 7 significantly 
higher than at day 2 (p < 0.05, Student ¢ test). 


(approximately 250,000/well) were set up in 24 sterile 
flat-bottom well plates (16 mm diameter) and grown in 
a medium that contained a mixture (1:1, vol/vol) of F- 
12 Ham and Dulbecco’s modified Eagle’s medium, 
heat-inactivated fetal calf serum (10%, vol/vol), peni- 
cillin (150 U/ml), streptomycin (150 pg/ml), ampho- 
tericin B (Fungizone, 0.375 g/ml), kanamycin (150 
pg/ml), and gentamycin (20 ug/ml). The cells were 
maintained at 37° C in an atmosphere of air and carbon 
dioxide (10%). Part of the medium (75%) was replaced 
with fresh medium after 4 days. Thereafter the me- 
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Fig. 2. Immunoperoxidase staining for CA 125 in amnion cells in culture at confluence. Positive 
staining is deep red. (A, original magnification x 400; B, original magnification X 1000). 


dium was completely replaced every 4 days until con- 
fluence, which was routinely attained in 10 to 12 days. 

To determine the time course of CA 125 accumu- 
lation, all experiments were performed with a confluent 
monolayer of amnion cells with replicates of three for 
each time point. At confluence (day 0), each well was 
washed once and fresh medium was added. The me- 
dium was not changed thereafter until collection at days 
2, 5, and 7. After collection, the medium was centri- 
fuged at 3000 g for 10 minutes and stored at — 20° C. 
CA 125 was assayed with an immunoradiometric kit 
(Sorin Biomedica, Saluggia, Italy). CA 125 values for 
each time point were calculated from the concentration 
of the antigen in the medium since the last change (day 
0) and were corrected for endogenous CA 125 in each 
medium preparation (usually not exceeding 8 U/ml). 

After medium collection, the cells of each time point 


were harvested with a solution of trypsin (0.25%) 
and ethylenediaminetetraacetic acid (0.02% wt/vol), 
washed twice with saline solution, and disrupted by 
sonication in hypotonic buffer. Protein content was de- 
termined by Biorad protein assay (Bio Rad Laboratory, 
West Germany). 

The presence of CA 125 in amnion cells was studied 
by an indirect immunoperoxidase method (Histo CA 
125, Cis Diagnostici, Santhia, Italy) and appropriate 
negative controls without monoclonal antibody or per- 
oxidase were performed. Amnion cells for immuno- 
cytochemical studies were grown in Lab-Tek flaskettes 
(Miles Scientific, Elkhart, Ind.), and at confluence the 
upper plastic part was removed and the slide with the 
adherent monolayer amnion cells was washed once and 
fixed in acetone for 10 minutes. After hydration the 
cells were incubated with the monoclonal antibody OC 
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125 then incubated with a second antibody labeled with 
biotin. A stable avidin-peroxidase complex was added 
to pinpoint the biotin site. The peroxidase was visual- 
ized with a chromogenic substrate. 


Results 


CA 125 accumulated in culture medium in a time- 
dependent fashion (Fig. 1). After the different incu- 
bation periods, CA 125 content in the culture medium 
varied from culture to culture; however, the accumu- 
lation pattern was highly reproducible. Positive im- 
munohistochemical staining for CA 125 was consis- 
tently detected in the cells of all cultures studied 
(Fig. 2). 


Comment 


Primary monolayer cell cultures of amnion tissue 
produced CA 125 antigen that accumulated in culture 
medium. Various authors,** have described the pres- 
ence of the CA 125 antigen in the amniotic fluid. In a 
recent study we showed that CA 125 is detectable at 
high levels in amniotic fluid and in the amniotic mem- 
brane."' The findings of the present investigation are 
supportive of the involvement of amnion tissue in the 
production of CA 125, in that the antigen was detect- 
able in the culture medium as a function of time and 
in the cells by immunoperoxidase staining. 

Quirk et al.” provided evidence that the most likely 
source of CA 125 in amniotic fluid is the decidua and 
that the antigen gains access to the amniotic fluid com- 
partment via the intercellular canalicular system of the 
amnion membrane. 

Our observations support the evidence that the am- 
nion epithelium per se may contribute to the amniotic 
fluid CA 125 pool. First, CA 125 was released to the 
culture medium and progressively accumulated. Sec- 
ond, artifactual contamination by the antigen could be 
excluded because the cells were subjected to trypsini- 
zation and were extensively washed during the isolation 
procedures, and the medium was replaced every 4 days 
during cell growth. In addition, cells were further 
washed before exposure to the final incubation me- 
dium. Third, other sources of CA 125 were virtually 
absent because of the isolation method used that in- 
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volved the stripping of the amnion from chorion as a 
preliminary step, thus excluding decidual contami- 
nants. 

From our findings we conclude that amnion cells in 
culture produce CA 125. However, it cannot be ex- 
cluded that other epithelial membranes (pleura, peri- 
cardium, peritoneum), which do not usually produce 
CA 125 in vivo in the adult, under in vitro conditions 
might produce the antigen. Further studies are needed 
to provide conclusive evidence of the synthesis of the 
antigen by amnion cells and to investigate the role of 
possible regulating factors. 
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- Rabbit alveolar B-adrenergic receptors increase with 


gestational age 


Vivian Lewis, MD, Andrea C. Goldfien, BA, Joseph P. Day, BA, and 


James M. Roberts, MD 
San Francisco, California, and Chicago, Illinois 


Pulmonary B-adrenergic receptors, which mediate the actions of endogenous catecholamines, increase 
before birth, an important step in pulmonary maturation. This increase, which occurs primarily in the 
alveoli, may be hastened by corticosteroids. However, because the lung is composed of more than 40 cell 
types, we asked whether the normal distribution of B-adrenergic receptors changes with gestational age in 
a way that seems physiologically relevant. We compared lungs from fetal rabbits at 26 and 31 days’ 
gestation with lungs. from adult rabbits by autoradiography with 5igdocyanopindolol, a B-adrenergic 
: antagonist. While the total silver grain concentration increased during gestation, the greatest proportional 
- increase occurred in the alveoli. We conclude that pulmonary @-adrenergic receptor concentration 
increases during gestation and that this increase is most dramatic for alveoli. This pattern is consistent 
with that previously observed after treatment of fetal rabbits in utero with corticosteroids. (AM J OBSTET 


Gynecot 1990;162:269-72.) 


Key words: Pulmonary ontogeny, B-adrenergic receptors, fetal lung 


Pulmonary maturation includes the ability to resorb 
alveolar liquid and to synthesize and release surface- 
active material (or surfactant), changes that occur pri- 
marily in the alveolus. Catecholamines have been 
shown to play a role in the acquisition of these abili- 
ties. Pulmonary B-adrenergic receptors, which me- 
diate the actions of catecholamines, increase in concen- 
tration just before birth. However, this increase has 
been shown primarily in preparations of homogenates 
of the whole lung.** We asked therefore whether the 
B-adrenergic receptor complement of components of 
the fetal lung that are relevant to perinatal adaptation 
might increase preferentially with fetal maturation. We 
report that, consistent with determinations in prepa- 
rations of lung homogenate, total lung B-adrenergic 
receptors increase with gestation. However, whereas B- 
adrenergic receptors increase in alveoli between 26 and 
31 days of gestation, receptors in airways are not in- 
creased until the postnatal period. 


Material and methods 


Pregnant New Zealand White rabbits were put to 
death on either day 26 or day 31 of gestation, by in- 
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Table I. Inhibitory dissociation constants (K,) 
of selected adrenergic agonists and antagonists 


Agonist-antagonist K; (mol/L) 


Isoproterenol 5.6 x 10-* 
Norepinephrine 2.5 x 107° 
Epinephrine 1.6 x 10°° 
p-Propranolol 1.5 x 107° 
L-Propranolol 3.3 x 10 


ae ea 


Each K, was calculated from at least two competitive 
inhibition-binding assays. The range of computer-generated 
values for the mean variance was 0.04% to 0.16%. Binding 
characteristics were those of the B-adrenergic receptor. 


travenous pentobarbital, according to the guidelines for 
the care and use of animals approved by the University 
of California, San Francisco. The lungs of the fetuses 
and dams were removed. In each animal the trachea 
was exposed, a plastic catheter was inserted into the 
lumen, and the lung was inflated with cryostat embed- 
ding medium (OCT compound, Ames Co., Elkhart, 
Ind.). We then froze the lungs in liquid nitrogen. Cryo- 
stat sections of 8 to 10 wm thickness were cut and ap- 
plied to gelatinized slides for B-adrenergic receptor as- 
say or autoradiography. 

Receptor assay. Frozen sections were incubated at 
30° C for 1 hour in a solution of 50 mmol/L Tris and 
50 pmol/L 125-iodocyanopindolol (*ICYP), a specific 
B-adrenergic antagonist. To determine nonspecific 
binding, adjacent sections were incubated with T~ 
mol/L isoproterenol in addition to ‘“ICYP. Binding 
was characterized in a series of competitive inhibition 
assays in which adrenergic agents were added to the 
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Fig. 1. Autoradiograms of 125-ICYP binding to adult rabbit lung at x 400. A, Light-field photo- 
micrograph of grain pattern from total binding. B, Lung section beneath grains. The dense labeling 
of airways and alveoli present in A was greatly reduced by incubation with isoproterenol, which 
indicates a large proportion of specific binding. Because of the paucity of grains in the nonspecific 
binding slides, no pattern was discernible (not shown). 


incubation mixture at increasing concentrations. After 
incubation, the slides were removed and washed in a 
series of baths containing Tris buffer at 4° C. The slides 
were then dried overnight, and the tissue was scraped 
onto preweighed filter paper and weighed again. We 
quantitated the radioactivity in a y-counter at 75% ef- 
ficiency and standardized the counts per dry weight of 
tissue. 

Data from the binding experiments were analyzed 
with an iterative nonlinear curve-fitting program pre- 
pared for a Hewlett Packard 9825T computer.® The 
concentration of drug causing 50% inhibition of bind- 
ing (ICs) was determined. This was used to calculate 
the inhibitory dissociation constant (K,) from the fol- 
lowing formula: 


IC. 


Ki = TS (cyP)/Ka 


where Ky is the dissociation constant of 'ICYP 
binding.’ 

Autoradiography. The slides were prepared and in- 
cubated with '*ICYP, as above, in preparation for au- 
toradiography by a method adapted from Young and 
Kuhar.* After the final wash, the slides were quickly 
dried with compressed, filtered, cooled air to prevent 
condensation of liquid. They were stored at 0° C until 


coverslips were applied the next day. Coverslips were 
first cleaned with chromic acid, hydrochloric acid, and 
water and then gelatinized. We coated the gelatinized 
coverslips with photographic emulsion (Kodak NTB- 
2). Once dry, the coverslips were applied in the dark 
to the slides. The slides were then stored in light-proof 
boxes with desiccant at — 20°C to allow the radioactivity 
to expose the silver grains in the emulsion. Coverslips 
were partly separated from the slides, and the emulsion 
was developed with standard developing techniques 
(Kodak D-19 solution, fixer solution, and two wash 
steps). Tissue sections were then stained with cresyl 
violet, hematoxylin and eosin, or Gomori-Weiss stain 
and the coverslips approximated with Permount. These 
autoradiograms were used for either grain counts or 
photomicrographs. 

Grains were counted by light field microscopy at 
x 400 in 10 fields containing tissue and five non-tissue- 
containing, or background, areas per slide. We counted 
grains on at least six slides per animal. To estimate total 
binding, grain concentrations from background areas 
were subtracted from those that emanated from tissue 
sources. We next calculated grain concentrations for 
specific binding. For each histologic area, we subtracted 
mean grain concentrations (above background) of the 
nonspecific binding slides (those incubated with iso- 
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proterenol and 'ICYP) from mean grain concentra- 
tions of the total binding slides (incubated with 'ICYP 
only), The difference was the value used for specific 
binding. Grain densities thus calculated were not nor- 
mally distributed; therefore comparisons were made 
by one- or two-way analysis of variance by ranks and 
the Newman-Keuls test. The computer program STAT- 
PAK and an Apple Ile computer were used for this 


purpose. 


Results 


Competitive inhibition assays confirmed that binding 
of ICYP in the frozen sections was to the B-adrenergic 
receptor (Table I). Binding was of high affinity and was 
stereospecific; the rank order of potency of the inhib- 
itory constants was typical of the B,-adrenergic recep- 
tor. Specific binding accounted for approximately 50% 
to 80% of the total binding. Binding characteristics of 
the frozen sections were therefore quite similar to those 
of whole-lung homogenates. 

Autoradiograms indicated grain exposure compati- 
ble with specific ®-adrenergic binding. Photomicro- 
graphs showed dense labeling of lung tissue, especially 
over the airways, which was almost eliminated by the 
addition of isoproterenol to the incubation mix (Fig. 
1). Comparison of the histologic features of fetuses at 
26 days’ gestation with those of adult animals showed 
only a faint alveolar grain pattern at 26 days, which 

became more distinct at term gestation and was quite 
“obvious in sections from adult lungs. These findings 
were quantitated by grain counts. 

Total grain concentrations increased during gesta- 
tion and postnatal development (p = 0.009). The air- 
way smooth muscle tended to be more densely labeled 
than other areas of the lung; however, there was little 
change in this labeling during gestation. By contrast, 
alveolar labeling nearly tripled between 26 and 31 days. 
This increase was significant (p = 0.042) when ana- 
lyzed by one-way analysis of variance, with a further 
nonsignificant increase after birth (Fig. 2). Similar anal- 
ysis of airway grain counts failed to show significant 
differences between 26 and 31 days, although grain 
counts of airway smooth muscle increased dramatically 
after birth (p = 0.038). Grain concentrations over air- 
way epithelium were approximately half of those over 
the alveoli at 26 days with little increase at 31 days. 
However, there was about a fivefold increase in adults 
(Table II). Grain concentrations over other tissues (e.g., 
blood vessels and connective tissue) remained very low; 
therefore the actual data are not shown. 


Comment 


Both clinical and experimental evidence suggest that 
catecholamines are important in lung maturation.” ° 
Pulmonary B-adrenergic receptors, which mediate the 


Rabbit alveolar adrenergic receptors 2 1 


(126 Day E431 Day ml Adult 


Grains/100 Microns? 


Alveoli 





Fig. 2. Grain concentrations from the two principal tissue 
sources. These concentrations represent mean levels (+SEM) 
obtained from duplicate experiments on four animals from 
each of the ages given. Alveolar grain counts increased in utero 
(p = 0.042), which accounted for the main source of gesta- 
tional increase, whereas airway smooth muscle and epithelium 
changed very litte. 


Table II. Distribution of grain counts at 


three ages 
26 Days 31 Days Adults 
Alveoli 78219 24244 366456 
Airway smooth 10.1 +18 120210 57.04 7.2 
muscle 
Airway epi- 31+22 48425 23.7 452 
thelium 


amaraneeeen ee i 





Each value is the mean (+SEM) concentration of grain 
counts per 100 p? from the least three animals (at least two 
assays were performed for each animal). There was a signif- 
icant effect of age (p = 0.009) and tissue area (p = 0.03). ‘Total 
grain counts increased after birth (p = 0.01), whereas differ- 
ences in utero were not significant (p = 0.074). Both alveoli 
and airway smooth muscle showed greater grain densities than 
airway epithelium (p = 0.25 and 0.038, respectively). 


actions of catecholamines, increase in density just be- 
fore birth when measured in the homogenates of whole 
lungs." > Because this increase has been shown only 
in whole lung, we examined the distribution of p- 
adrenergic receptors in rabbit fetal lung at mid and late 
gestations. We further asked whether the distribution 
changed during this gestation period and how it com- 
pared with that in adult rabbit lung. To answer these 
questions, we used an autoradiographic technique. La- 
beling of 26-day sections was faint (particularly over 
the alveoli), while sections taken from term’ fetuses 
showed distinct labeling of both alveoli and airways. 
Quantitation of this pattern by grain counts showed a 
striking increase in alveolar B-adrenergic receptors by 
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the end of pregnancy and further increases in both 
alveolar and airway grains during postnatal maturation. 
Changes in grain concentrations over other areas of the 
lung in utero were not significant. 

While these findings are interesting, the significance 
of the study was limited by certain inherent difficulties 
with this technique. First, there were several sources of 
assay variability. Subtle changes in emulsion, exposure 
time, and specific activity of a given batch of radioligand 
frequently introduced variance heterogeneity. Because 
of this, we used nonparametric statistical tests, where 
needed.” Second, the limited resolution of light mi- 
croscopy did not enable us to differentiate type I] pneu- 
mocytes. Previous in vitro work with isolated type II 
cells has shown the presence of B-adrenergic receptors’! 
that are capable of surfactant release.” Immunohisto- 
chemistry of adult lung sections has shown the distri- 
bution of f-adrenergic receptors (including type H 
cells) in a nonquantitative manner.'? With autoradiog- 
raphy, we were able to quantitate a developmental 
change in B-adrenergic receptor concentrations in the 
alveoli, as well as other areas of the lung. To investigate 
specific cell types, application of a similar technique at 
the electron microscopic level could be considered to 
specifically examine type II pneumocytes. 

Nonetheless, at this level of resolution, our findings 
provide evidence to support the physiologic role of B- 
adrenergic agonists in lung development. Several stud- 
ies have shown that the administration of B-adrenergic 
agonists can cause lung fluid resorption and release of 
surfactant." '*'* We and others have shown that pul- 
monary sensitivity to these agents (as measured by con- 
centrations of B-adrenergic receptors in homogenates 
of whole lung) increases during normal fetal life and 
can be hastened by glucocorticoids.* * '* In a previous 
morphologic study we examined the effects of gluco- 
corticoids on 26-day fetuses and found that glucocor- 
ticoids preferentially increase B-adrenergic receptors in 
the alveoli.’* In this study we have shown that the nat- 
ural acquisition of B-adrenergic receptors during fetal 
life is most dramatic in the alveoli, an important site of 
the pharmacologic action of B-adrenergic receptor 
agonists. While it is tempting to speculate that this ac- 
quisition of B-adrenergic receptors resulted from in- 
creased endogenous glucorticoids, several other hor- 
mones are known to affect the §-adrenergic sys- 
tem.'” '® Further studies using this technique and 
blockade of endogenous corticoids might answer this 
question. 


We are grateful for the technical advice of Drs. Alan 
Goldfien and Carol Basbaum. 
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Expression of the human inhibin a-subunit gene in 
preovulatory granulosa-theca cells 


William N. Burns, MD, John R. McGill, PhD, Arun K. Roy, PhD, and 


Robert S. Schenken, MD 


San Antonio, Texas 


Inhibin, a gonadal peptide that suppresses pituitary follicle-stimulating hormone, with lesser or no effect on 
luteinizing hormone, has recently been purified and the complementary deoxyribonucleic acid sequences 
cloned, Inhibin contains two subunits, labeled a-subunit and B-subunit. Here we report for the first time the 
detection of human inhibin a-subunit gene expression in preovulatory granulosa-theca cells by Northern 
analysis. The transcript is the same size as previously reported for human placenta and corpus luteum, 
suggesting that the same gene is being expressed in all three tissues. These findings are consistent with 
previously reported Southern analysis of deoxyribonucleic acid, which showed only one copy of the 
a-inhibin gene in the human genome. Thus current data strongly suggest that there is only one copy of the 
inhibin «-subunit gene in the human genome, and this same gene is expressed in granulosa-theca cells, 
corpus luteum, and placenta. (Am J OssteT GYNECOL 1990;162:273-7.) 


Key words: a-Inhibin, gene expression, granulosa-theca cells 


Inhibin, a peptide inhibitor of pituitary follicle- 
stimulating hormone (FSH) production, with lesser or 
no effect on luteinizing hormone (LH) production, was 
purified sufficiently to allow complete molecular char- 
acterization in 1985.'* Inhibin is now known to be com- 
posed of two covalently linked peptide chains, labeled 
a- and B-chains. Two distinct forms of the B-chain, Ba 
and Ba, differing in 42 of 117 amino acids,® exist. Com- 
bination of the a-chain with either of the B-chains pro- 
duces a molecule with inhibin bioactivity. The oB,- 
heterodimer, inhibin A, and the «B,-heterodimer, in- 
hibin B, have very similar or identical in vitro inhibin 
activity.” 

An interesting byproduct of the characterization of 
inhibin was the discovery of another hormone with ac- 
tion opposite of that of inhibin. In the same follicular 
fluid protein fractionation and purification system in 
which inhibin was identified, a stimulator of FSH se- 
cretion also was identified. Complete characterization 
of the FSH-stimulating substance, now known as acti- 
vin, showed it to be a dimer of the inhibin B-subunits, 
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either two disulfide-linked Ba-subunits (activin A)’ or 
linked Ba- and B,-subunits (activin A-B).* Thus mole- 
cules containing the B-inhibin gene product produce 
completely opposite effects on the pituitary, depending 
on whether the B-chain is combined with an a-chain to 
form inhibin or with another B-chain to produce acti- 
vin. The inhibin-activin a-, Ba- and By-subunits are 
encoded by three separate genes mapping to three dis- 
tinctly separate chromosomal loci.® 

With biochemical characterization of inhibin and ac- 
tivin and cloning of their complementary deoxyribo- 
nucleic acid (CDNA) sequences,” * knowledge about 
inhibin and activin has accumulated rapidly. The 
expected existence of a classic endocrine negative feed- 
back loop between pituitary FSH and gonadal inhibin 
has been confirmed in animal studies ™® Preliminary 
evidence suggests that a major mechanism by which 
inhibin suppresses pituitary FSH secretion is by dimi- 
nution of B-FSH gene transcription." ° Evidence also 
suggests that inhibin and activin have paracrine roles 
modulating ovarian thecal and testicular Leydig cell 
LH-mediated androgen synthesis,’* in addition to 
their endocrine roles. In human studies McLachlan 
et al.'" © developed a radioimmunoassay for inhibin 
and reported the pattern of inhibin secretion during 
the normal menstrual cycle and in stimulated cycles. In 
addition, radioimmunoassayable inhibin was detected 
in follicular fuid and placenta.” Detection of hu- 
man inhibin a- and B,-gene expression by standard 
Northern blotting techniques has been reported for 
placenta’ and corpus luteum.” 

In this study we report detection of human inhibin 
a-subunit gene expression by standard Northern anal- 


273 
























274 Burns et al. 


ysis in a human tissue that has not previously been 
studied, the granulosa-theca cells of preovulatory ovar- 
ian follicles. 


Material and methods 

Granulosa-theca cells were obtained from patients 
undergoing oocyte aspiration for in vitro fertilization— 
embryo transfer or gamete intrafallopian transfer. The 
project was conducted under the approval of the In- 
stitutional Review Board of The University of Texas 
Health Science Center at San Antonio. Patients under- 
went ovarian stimulation with clomiphene citrate and 
human menopausal gonadotropins, culminated by ad- 
ministration of human chorionic gonadotropin. Oocyte 
retrieval followed human chorionic gonadotropin in- 
jection by 32 to 36 hours. After oocyte recovery, follic- 
ular aspirates were centrifuged at 750 g for 1 to 3 min- 
utes. The granulosa-theca cell pellets were snap-frozen 
in liquid nitrogen and stored for later analysis. 

Total ribonucleic acid (RNA) was isolated by the 
method of Feramisco et al.” Polyadenylated RNA was 
selected from total RNA with oligodeoxythymidylic acid 
cellulose chromatography.” To obtain sufficient human 
granulosa-theca polyadenylated RNA for Northern 
analysis, total RNA from all oocyte-containing follicles 
from five patients was pooled and subjected to oligo- 
deoxythymidylic acid cellulose chromatography. A total 
of 14 wg of the RNA samples (human granulosa- 
theca cell polyadenylated RNA, human granulosa- 
theca cell total RNA, and [control] rat liver polya- 
denylated RNA) was denatured by heating at 55° C for 
15 minutes, electrophoresed in 16.7% formaldehyde, 
1 x 3-(N-morpholino)propanesulfonic acid, and 0.9% 
agarose gels, and transferred to nitrocellulose filters. A 
0.24 to 9.5 kb RNA ladder (Bethesda Research Labo- 
ratories) was used as a molecular weight marker. Mo- 
lecular weight marker lanes were excised from the gel 
after gel electrophoresis, stained with ethidium bro- 
mide, and visualized, measured, and photographed 
under ultraviolet illumination. In this way the distance 
of migration of the molecular weight markers was very 
accurately recorded and could be simply and accurately 
transposed to the subsequent autoradiographs with the 
aid of a ruler.® 3 7 

Filters were prehybridized in 6x standard saline ci- 
trate (SSC), 5x Denhardt’s solution, 2.5 pg/ml dena- 
tured wheat germ transfer RNA, and 150 pg/ml de- 
natured salmon sperm DNA at 65° C for 18 hours and 
then hybridized with a radioactive phosphate—labeled 
probe for 48 hours at 65° C. Blots were washed in 2 x 
SSC and 0.1% sodium dodecyl sulfate (SDS) three times 
for 20 minutes each at room temperature and then once 
for 30 minutes at 65° C. Autoradiography was per- 
formed with intensifying screens at — 70° C, and film 
was developed after 16 hours’ exposure. Blots were 
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then rewashed once in 1x SSC and 0.1% SDS at 
72° C for 50 minutes and then once in 0.5 SSC and 
0.1% SDS at 75° C for 60 minutes, reautoradiographed, 
and developed at 19 hours’ exposure and again at 5 
days’ exposure. Duplicate assays were performed. 

Probe for the a-subunit was a 40-mer oligonucleotide 
synthesized by a DNA synthesizer with the following 
sequence: 5’-GGG CTG GGC CCC TGG CAG CAA 
GGA GTA GGG CTG GGC TGG G-3’. This sequence 
is antisense and complementary to the published 
sequence® of the human a-inhibin cDNA from the third 
nucleotide of codon 282 through codon 295. This re- 
gion was chosen for its high guanine and cytosine con- 
tent and for its uniqueness of sequence relative to other 
known human sequences of the inhibin-transforming 
growth factor-B (TGF-B) gene family. Specifically, hu- 
man a-inhibin in the region of our oligonucleotide 
probe differs from the other human TGF-B family se- 
quences by the indicated number of nucleotides: in- 
hibin-Ba, 29 of 40 nucleotides; inhibin-B,, 31 of 40 
nucleotides; TGF-8, 25 of 40 nucleotides; miillerian- 
inhibiting substance, 27 of 40 nucleotides; and 
glioblastoma-derived T-cell suppressor factor, 30 of 40 
nucleotides. The probe was 5’ end labeled with y-P- 
adenosine triphosphate with the use of T4 polynucleo- 
tide kinase (Bethesda Research Laboratories), and in- 
corported nucleotide was separated from unincorpor- 
ated nucleotide by Sephadex G-50 chromatography. 
Approximately 2 x 10° cpm per microgram of DNA 
probe was denatured and added to the hybridization 
mixture. 


Results 


The autoradiograph resulting from the less stringent 
washing (maximum strength 2x SSC, 0.1% SDS, 
65° C) is shown in Fig. 1. A hybridization band of 
1.65 kb is present in the human granulosa-theca cell 
polyadenylated RNA lane (lane 3). The same band, 
though much fainter, is present in the human total RNA 
lane (lane 1). The difference in intensity of these two 
bands reflects the enrichment of messenger RNA 
achieved by oligodeoxythymidylic acid cellulose chro- 
matography. Interestingly, a hybridization band of 
4.6 kb is present in the rat liver polyadenylated RNA 
lane (lane 2). 

The autoradiograph resulting from more stringent 
washing (maximum strength 0.5x SSC, 0.1% SDS, 
75° C) is shown in Fig. 2. Hybridization in the human 
polyadenylated RNA lane (lane 3) remains very sharp. 
The human total RNA and rat liver polyadenylated 
RNA bands, however, are no longer detectable. With 
prolonged exposure (5 days) of this blot, however, the 
1.65 kb band in the human total RNA lane again be- 
came visible, while the 4.6 kb rat liver polyadenylated 
RNA band remained undetectable (data not shown). 
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Comment 

This is the first report of detection of human inhibin 
a-subunit gene expression in granulosa-theca cells from 
preovulatory ovarian follicles. The expression of this 
sequence in this setting, along with its detection in hu- 
man placenta by Mayo et al.'* and Davis et al." and in 
human corpus luteum by Davis et al.” provides confir- 
matory evidence that the cDNA sequence cloned by 
Mason et al.* from the ovary of a patient with polycystic 
ovary disease is indeed the inhibin a-subunit cDNA. 
The size of our transcript, 1.65 kb, is the same (within 
the limits of measurement error) as that reported by 
Mayo et al.'* in placenta and Davis et al.'" in corpus 
luteum. This suggests that the same gene is being ex- 
pressed in all three tissues. This contention is supported 
by the data of Stewart et al,” whose Southern blot 
analysis of human DNA suggests that the inhibin a- 
subunit gene is present in only one copy in the human 
genome. Thus the weight of current evidence indicates 
that a-inhibin is present in only one copy in the human 
genome and that this same gene is transcribed in pre- 
ovulatory granulosa-theca cells, corpus luteum, and 
placenta. 

Recent data obtained from animal studies have 
shown that the inhibin a-subunit is expressed in rat 
pituitary, spleen, kidney, testis, brain, and spinal cord” 
and in the rat” and sheep” adrenal, in addition to the 
ovary. Thus the inhibin a-subunit may be involved in 
remarkably diverse physiologic roles. Studies of these 
same tissues in the human should prove interesting. 
Evidence is present that inhibin gene products have 
roles in physiologic processes other than reproduction. 
Yu et al.” presented evidence that the homodimer of 
inhibin B,-subunits, activin A, previously shown to stim- 
ulate FSH release from cultured pituicytes,' acts on 
erythrocyte precursors in bone marrow to stimulate 
erythrocyte differentiation. The identity of activin A 
with this erythrocyte differentiation factor has been 
confirmed by nucleotide sequence analysis.” 

The ability of gene products of the inhibin family to 
effect cellular differentiation probably is not surprising 
in light of the fact that inhibin subunits share sequence 
homology with the recognized growth factors TGF-B,? 
miillerian-inhibiting substance,”* and the decapenta- 
plegic gene complex of Drosophila.” More recently rec- 
ognized members of this gene family are glioblastoma- 
derived T-cell suppressor factor (probably identical to 
TGF-82),"" frog oocyte growth factor Vgl," and pos- 
sibly human thrombomodulin.** The unexpected hy- 
bridization at relatively low stringency of the human a- 
inhibin synthetic probe to a rat liver polyadenylated 
RNA could signify nonspecific binding of the probe 
resulting from its high guanine and cytosine content, 
but also might represent hybridization to a member of 
the TGF-B gene family with appreciable sequence ho- 
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Fig. 1. Autoradiograph resulting from relatively low- 
stringency washing (maximum strength 2x SSC, 0.1% SDS, 
65° C). Lane 1, Human granulosa-theca total RNA; lane 2, rat 
liver polyadenylated RNA; lane 3, human granulosa-theca 
polyadenylated RNA. 


mology with human a-inhibin. This putative hybrid- 
izing rat liver messenger RNA should not be one of the 
inhibin subunits because rat liver has not been found 
to express any of the inhibin genes.” It is also unlikely 
to be miillerian-inhibiting substance or TGF-B. As de- 
scribed above, the oligonucleotide probe was specifically 
chosen from a region of human a-inhibin that does not 
have significant homology with human millerian- 
inhibiting substance or TGF-8. Because homology in 
this region between human and murine sequences is 
very close for all family members for which both se- 
quences are known, the probe therefore is not likely 
to have significant homology with rat TGF-B or 
rat millerian-inhibiting substance either, Specifically, 
human-murine comparisons are possible for four fam- 
ily members, inhibin-a,*® * inhibin-B,,* * ™* inhibin- 
By and TGF-B,** * and in the region of the 
oligonucleotide probe human-murine nucleotide se- 
quence homology ranges from 31 of 40 to 34 of 40 
nucleotides. The possibility remains that the probe is 
hybridizing with a rat messenger RNA produced by 
liver from an as yet undiscovered member of the 
TGF- family with significant homology with a-inhibin 
or with a member such as decapentaplegic gene com- 
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Fig. 2. Autoradiograph resulting from relatively high- 
stringency washing (maximum strength 0.5 x SSC, 0.1% SDS, 
75° C), 19-hour exposure. Lane 7, Human granulosa-theca 
total RNA; lane 2, rat liver polyadenylated RNA; lane 3, human 
granulosa-theca polyadenylated RNA. 





plex whose possible human and mammalian homo- 
logues have not yet been characterized. 

In conclusion, this is the first report of detection of 
human @-inhibin subunit gene expression in preovu- 
latory granulosa-theca cells. Cells used in this study 
were obtained from women undergoing ovarian stim- 
ulation with human menopausal gonadotropins and 
clomiphene citrate. An area of great interest for future 
studies will be the determination of the pattern and 
amount of expression of the inhibin genes in natural 
cycles, Since the Ba- and B,-gene products are incor- 
porated in molecules with opposite endocrine effects, 
elucidating the control of transcription of these genes 
and the packaging of their gene products should prove 
challenging. Also of interest will be the relative contri- 
bution of the dominant follicle—corpus luteum and the 
atretic follicles to total inhibin and activin production. 
Yet another area of investigation will be the role of 
inhibin in suppression of the LH surge in human meno- 
pausal gonadotropin—stimulated cycles. There is in vi- 
tro evidence that suggests that inhibin can decrease 
pituitary LH release“ and diminish the pituitary LH 
response to gonadotropin-releasing hormone,” effects 
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that could result in ablation of the LH surge. In vivo 
experimentation has been extremely limited but sup- 
ports the hypothesis that inhibin is specific for suppres- 
sion of FSH,” * © a property that raises doubts about 
the ability of inhibin to suppress the LH surge. The 
answers to these and other questions about inhibin 
promise to greatly increase our understanding of re- 
productive physiology and pathophysiology. 


We gratefully acknowledge the assistance of Robert 
M. Riehl, PhD, Maxine Martin, Andrew Ruiz, and Tim 
Neal in obtaining tissue specimens, Chung Seog Song, 
PhD, Doowahn Oh, PhD, and Jin Man Kim, MS, in gel 
purifying the oligonucleotide probe, and Leticia A. Or- 
ander in preparing the manuscript. 
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Local cerebral blood flow is increased in rapid-eye-movement 


sleep in fetal sheep 


R. M. Abrams, PhD, J. C. Post, MD,” D. J. Burchfield, MD,° K. J. Gomez, MD, 


A. A. Hutchison, MB, ChB, and M. Conlon, PhD* 
Gainesville, Florida 


Behavioral state—induced changes in fetal cerebral blood flow were continuously monitored with a simple 
thermal dilution method. Thermojunctions were heated 1.5° C above reference thermojunctions implanted 
contralaterally in various cerebral cortical and subcortical structures of four near-term fetal sheep. 
Temperature difference in rapid-eye-movement sleep was lower than in non-rapid-eye-movement sleep 

(p = 0.014), reflecting convective heat loss from increased blood flow. Temperature difference also varied 
significantly with the locus of placement in the brain (p = 0.003), reflecting, in part, regional differences in 
cerebral blood flow. The thermocouple method gives qualitative, continuous information on local cerebral 
-blood flow that could be useful in monitoring the vascular response to changing functional activity during 
prenatal brain development. (Am J OssteT Gynecot 1990;162:278-81.) 


Key words: Fetal sheep, rapid-eye-movement sleep, local cerebral blood flow, heated 


thermocouple 


An important role for rapid-eye-movement (REM) 
sleep in brain maturation has been inferred from the 
fact that this behavioral state occupies a large fraction 
of sleep time in fetuses, immature animals, and new- 
born infants.’* REM sleep in sheep fetuses is associated 
with increases above non-REM levels in global cerebral 
oxygen consumption as measured with microspheres’ 
and in cerebral glucose utilization as measured with 
carbon 14 autoradiography.® The microsphere method 
has poor spatial resolution but can be used to measure 
changes in oxygen uptake over four to five time periods 
in any given animal. The [“C]deoxyglucose method has 
excellent spatial resolution but requires a 45-minute 
test period and can be applied only once in any given 
animal. Neither method is able to provide the resolu- 
tion needed to describe the changes in local cerebral 
metabolism during rapidly occurring transitions be- 
tween REM and non-REM states. 

Cerebral blood flow is the best-described correlate of 
cerebral metabolism; a close coupling exists between 
the two variables in many physiologic conditions.® Of 
the several methods for measuring cerebral blood flow, 
thermal dilution is perhaps the most applicable for the 
present research on the metabolism—behavioral state 
interaction. Heated thermocouples can be miniatur- 
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ized, can be easily implanted in the fetal brain, and can 
produce a signal that can be recorded continuously. In 
this article we describe a modification of an old thermal 
technique for measuring cerebral blood flow,” and we 
present data in the neàr-term fetal sheep to show that 
REM periods are associated with increased regional ce- 
rebral blood flow above that of non-REM periods. 


Methods 


Thermojunction preparation. According to proce- 
dures published earlier,’ 6-foot lengths of 36-gauge, 
nylon-insulated copper and constantan wire (Revere 
Corporation, Wallingford, Conn.), were doubled and 
drawn through a 3-foot polyvinyl catheter. Two 1/16- 
inch-long thermojunctions of copper and constantan 
wire were made by removing the insulation and then 
twisting and soldering the leads. At the other end of 
the 3-foot catheter, the copper wire was sectioned and 
bared for later attachment to a recording poteńtiom- 
eter (model 7100B, Hewlett Packard, San Diego, Calif.). 
In such a closed circuit, a voltage is produced if the 
temperature of one thermojunction is elevated above 
that of the other. To determine the smallest tempera- 
ture change that could be recorded, a series of voltages 
between 0 and 10 uV were produced by a precision 
potentiometer (model 8686, Leeds and Northrup, Phil- 
adelphia, Penn.). The relationship between tempera- 
ture and thermopotentials was determined with a pro- 
portional, temperature-controlled water bath and a 
precision thermometer traced to Bureau of Standards 
specifications. Resolution of the system was determined 
to be 0.3 pV or 0.007° C. 

To achieve a temperature difference, a heater circuit 
was made by wrapping a urethane-coated copper wire 
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Table I. Gestational age and thermojunction positions in brains of sheep fetuses 








Gestational Thermocouple Position of 
Ewe age (days) No.* thermojunction 
W-211 130-134 la Caudate 
lb Cerebral cortex 
2a _ 
2b — 
W-225 130-132 la Caudate 
lb Lateral ventricle (choroid plexus) 
2a Internal capsule 
2b Thalamus, dorsomedial neck 
W-231 126-127 la Internal capsule 
lb Lateral septal nucleus 
2a Cerebral cortex, motor-sensory 
2b Cerebral cortex, motor-sensory 
W-246 130-134 la Cerebral cortex, frontal 
lb Cerebral cortex, frontal 
2a Thalamus, ventromedial neck 
2b Thalamus, ventromedial neck 








*Thermojunctions a and b served alternately as heated and reference junctions. 


(diameter 0.00235 inch) 10 to 12 turns around each 
soldered thermojunction. Approximately 1 cm of this 
wire was led up the shank of the insulated thermo- 
junction leads and joined with enameled copper wire 
(diameter 0.012 inch), which was drawn through the 
polyvinyl catheter. The resistance of this heater circuit 
was approximately 0.2 ©. In such a system any increase 
in blood flow rate around the heated thermojunction 
would tend to increase convective heat loss and de- 
crease the temperature difference between it and the 
contralateral unheated thermojunction. 

Thermojunction and heater lead wires were bent 90 
degrees at a point representing the desired depth of 
insertion in the fetal brain. Lead wires were positioned 
parallel to each other, approximately 1 to 1.5 cm apart, 
and held in this position by epoxy placed just distal to 
the right-angle bend. This epoxy would later be incor- 
porated into rapid cure acrylic, which would hold four 
thermojunctions in place in the fetal head. The assem- 
bly was dipped in self-priming vinyl coating and left to 
dry at room temperature. A total of 16 heated ther- 
mojunctions was made (four each to be implanted in 
four fetal sheep). Each thermojunction served as both 
a heater and as a nonheated reference. 

A current of 250 mA was applied to the heater circuit 
either by manual adjustment of a potential divider or 
by a constant-current device. To test the limits of tem- 
perature difference (AT) to be expected in conditions 
of maximal convective heat loss, six heated thermo- 
junctions and their respective reference thermojunc- 
tions were placed in a stream of water flowing from a 
3/8-inch pipe at 100 ml/sec. To test the limits of min- 
imum convective heat loss, a reading of AT in the brain 
was obtained 3 minutes after death of the animal. 

Animal preparation. Four pregnant ewes at 125 days’ 
gestation (term-= 145 days) were anesthetized with 


2.5% halothane and the balance oxygen. Under aseptic 
conditions, a hysterotomy was performed and polyvinyl 
catheters were placed in the fetal brachiocephalic artery 
and superior vena cava through peripheral vessels in 
the axilla. The fetal scalp was incised and the skull 
exposed. To measure electrocortical activity, three 
screw electrodes were placed directly on the dura 
through holes drilled through the parietal bone. Four 
additional holes were drilled over the parietal cortex, 
the dura was punctured, and two pairs of thermojunc- 
tions were lowered by hand into the substance of the 
brain. Attempts were made to place the thermojunc- 
tions equidistant from the midline. The skin was then 
sutured closed. Two screw electrodes were placed 
through one orbital ridge to detect eye movements and 
two stainless steel wires (Cooner Wire Corp., Chats- 
worth, Calif.) were placed through a dorsal neck muscle 
for electromyography. Sodium ampicillin 500 mg was 
placed in the amniotic fluid, and an additional 500 mg 
was placed in the peritoneal cavity before closure of 
incisions. A catheter was placed in the maternal femoral 
vein. All catheters were tunneled subcutaneously, ex- 
teriorized at the ewe’s flank, and placed in a pouch 
sutured to the skin. Ewes were allowed at least 2 days 
for recovery and were administered penicillin and 
streptomycin intramuscularly daily. Experiments were 
approved by the University of Florida Committee for 
the Care and Use of Animals. 

Experimental protocol. On the day of the experi- 
ment, electrocortical, electroocular, and neck muscle 
activity was recorded on a physiograph (model 2400S, 
Gould, Cleveland, Ohio). The criteria for assessment 
of fetal behavioral state were those described by Szeto 
and Hinman’ and used in our laboratory.’ If the rec- 
ordings were adequate, a baseline AT was established 
for each thermocouple before the application of cur- 
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Fig. 1. Relationships between fetal behavioral state as assessed by electrocorticogram (ECoG), elec- 
trooculogram (EOG), and neck muscle electromyogram (EMG) and temperature difference between 
a heated thermojunction and a reference thermojunction placed contralaterally in the brain. 


rent to either heater. A thermojunction was then heated 
and the resulting AT between this thermojunction and 
its contralateral reference thermojunction was re- 
corded. Each could act as either the heater or the ref- 
erence thermojunction. A total of four separate rec- 
ordings of AT was made. All trials were repeated at 
least 24 hours later (sequence 1 vs. sequence 2). At the 
completion of the experiments, ewes and fetuses were 
killed with an intravenous saturated barbiturate solu- 
tion. Fetal heads were perfused with 10% formalin. 
After 2 days the thermojunction array was lifted out of 
the skull and the brain was removed, blocked, and 
placed in sucrose solution. Brains were then frozen, 
sectioned at 30 um, stained with cresyl violet, and ex- 
amined microscopically. 

‘During each trial, AT was recorded continuously, but 
for the statistical analysis, readings were taken every 
minute to the nearest 0.012° C. The first and last ob- 
servations in an REM and non-REM epoch together 
with all observations of the transition state were dis- 
carded to minimize misinterpretation of the behavioral 
state. A mixed model analysis of variance was per- 
formed. Animal, thermocouple, and sequence were 
considered to be random factors and sleep state a fixed 
state. 


` Results 


Listed in Table I are animal numbers, gestational 
ages, and thermojunction positions. Tissue containing 


the tracts from two thermojunctions was lost in blocking 
of the brain. Most of one thermojunction was deter- 
mined to have been in a lateral ventricle and probably 
adjacent to choroid plexus. Another thermojunction 
had penetrated the internal capsule, while several cor- 
tical thermojunctions were adjacent to both white and 
gray matter. Electrode tracts were smooth and the tissue 
along their lengths contained a modest microglial re- 
action. In the one case involving increased macrophage 
activity, minor hemorrhage was seen to have occurred. 
There was no obvious relationship between the locus 
of the heated thermojunctions and the magnitude of 
the temperature shift during behavioral state alter- 
nation. 

A total of 101 epochs of REM sleep and 102 epochs 
of non-REM sleep were analyzed. Mean number of AT 
points per epoch was 10.9 for REM sleep and 9.5 for 
non-REM sleep. The arithmetic means of the ATs 
for the behavioral states were: REM sleep, 1.34° C; 
non-REM sleep, 1.37° C (p = 0.014); running water, 
0.34° C; and 3 minutes after death of the fetus, 
1.64° C. The difference in AT between sleep states var- 
ied among thermocouples within an animal (p = 0.003) 
and varied significantly between sequences within a 
thermocouple (p = 0.02), but the effect of sleep state 
was implied even in the presence of these sources of 
variability. 

Characteristic changes in AT during behavioral state 
alternations are graphed in Figure 1. No consistent 
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changes in fetal arterial blood pressure were noted dur- 
ing the occasional periods that this variable was mon- 
itored. 


Comment 


Thermal methods for evaluating brain blood flow 
have been popular for many years. Spurious results can 
be reduced by taking into account or reducing variables 
other than blood flow that alter brain tissue tempera- 
ture. Thus placement of a reference thermometer in 
the brain helps to control for (1) arterial blood tem- 
perature, which normally varies somewhat in non- 
anesthetized fetuses’? and which can change signifi- 
cantly in free, living animals during REM sleep,” and 
(2) local brain metabolic heat production which, on the 
basis of measurements of fetal glucose utilization,’ is 
believed to be widely increased in REM sleep. A more 
accurate estimate of local cerebral blood flow would 
result if it can be proved that there are no cyclic changes 
in AT in the baseline, unheated condition. 

When one of the two thermojunctions constituting 
the thermocouple is heated, the AT becomes highly 
dependent on the rate of convective heat loss in the 
tissue surrounding the probe. By restricting the rise in 
AT to about 1.5° C, any thermal effect on the tissue 
metabolic rate per se was presumed to be minimal. 
Differences in AT attributed to sequence are believed 
to be due to the inability to set the heater current pre- 
cisely at 250 mA on separate days. The thermal gra- 
dients around the heated thermojunction at any given 
flow rate are unknown but will change, not only with 
time-variable factors such as blood temperature, tissue 
heat production, and blood flow rate but also with the 
density of blood vessels. With the technique we used, 
the effect of blood temperature is controlled by using 
a reference thermojunction exposed to the same tem- 
perature. By using a thermojunction heated approxi- 
mately 1.5° C, the effects of local tissue heat production 
become negligible. Because the thermojunctions are 
fixed in place, the density of blood vessels should re- 
main constant from one observation period to the next. 
Although heated thermojunctions were constructed 
with as much uniformity as possible, slight differences 
in length of thermojunction, in heater coil winding, and 
in amount of insulation could add to the between- 
thermojunction differences in AT. 

Because of all these factors, the quantifying of blood 
flow in terms of thermal conductivity is fraught with 
difficulties. In this research no attempt was made to 
establish a quantitative relationship between blood flow 
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and thermal conductivity. Rather, only temperature 
differences were measured at a preset power output of 
the heated thermojunction and qualitative blood flow 
changes were inferred. 

We have described and tested a technique to contin- 
uously evaluate local blood flow during functional brain 
alterations. With the use of an appropriate stereotaxic 
instrument, one could embed a thermojunction into 
specific brain regions of interest and investigate blood 
flow responses to various stimuli. On the basis of in- 
spection of the strip charts, there appeared to be a close 
relationship between the change in behavioral state and 
change in AT, especially during the transition from 
non-REM to REM sleep. The fetal sheep with its fre- 
quent and long periods of REM sleep** may be an ideal 
animal in which to study the interesting and important 
temporal interactions between brain electrical activity, 
metabolism, and blood flow during brain maturation. 


The technical assistance of Amy Sterling, Ted Mor- 
ton, and Nancy Sumpter is greatly appreciated. Tissue 
sections were evaluated by Dr. William Ballinger. Dr. 
Charles Kennedy provided helpful comments during 
manuscript preparation. 
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Sound environment of the fetal sheep 


Kenneth J. Gerhardt, PhD," Robert M. Abrams, PhD,° and Calvin C. Oliver, PhD* 


Gainesville, Florida 


The internal sound pressure levels within the intact amnion of pregnant ewes surgically implanted with a 
hydrophone was determined during conditions of quiet and during sound field exposures to broadband and 
octave-band noise. Measurements were made of sound pressures outside and inside the ewe, and sound 
attenuation through maternal tissues and fluids was calculated. Sound pressures generated by low 
frequencies (<0.25 kHz) were 2 to 5 dB greater inside than outside the ewe. Above 0.25 kHz, sound 
attenuation increased at a rate of 6 dB per octave. For 4.0 kHz, sound attenuation averaged 20 dB. The 
sound pressure recorded at different locations within the amnion with respect to the sound source varied 
by up to 6 dB. The internal noise floor in the absence of externally generated sounds was as low as 50 dB 
(spectrum level) above 0.2 kHz. Thus the fetus is developing in an environment that is rich with internal 


and external sounds. (Am J OssteT GyYNecoL 1990;162:282-7,) 


Key words: Fetus, sheep, sound, sound attenuation 


The sound environment of the fetus has been the 
subject of several recent studies.'* There is general 
agreement that sounds within the mother, particularly 
those associated with respiration, gastrointestinal activ- 
ity, and circulation, provide an intrauterine back- 
ground above which maternal vocalizations and some 
external sounds are present. i 

However, the degree of contribution of external 
sounds to the fetal auditory experience has been de- 
bated. A marked attenuation of external sounds and a 
significant masking by internal noise levels were in- 
ferred from results of experiments in humans. Thus 
in one study calculations of sound attenuation were 
made in a woman at 37 weeks’ gestation by using ex- 
ternally delivered pure tones from 200 Hz through 
4000 Hz.” An air-coupled loudspeaker was held in a 
foam-rubber annulus one-half inch from the abdomen 
and directly over the fetal head. A crystal microphone 
encased in a rubber covering was placed near the cervix. 
Attenuation of sound pressure was 19 dB at 200 Hz 
and increased to =48 dB at 4000 Hz. 

Grimwade et al.* made similar measurements in nine 
pregnant women by using a small condenser micro- 
phone covered by a rubber sleeve. The microphone 
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was passed through the cervical canal after membrane 
rupture and was placed at the level of the fetal head. 
Sound attenuation ranged from 39 dB at 500 Hz to 85 
dB at 5000 Hz. Ina later article the same authors pro- 
vided correction factors for their data to compensate 
for the impedance mismatch of the fluid, rubber, and 
microphone diaphragm and to compensate for the nor- 
mal barometric pressure behind the diaphragm, which 
was sealed by a rubber membrane.’ The corrected val- 
ues still indicated attenuation as high as 70 dB for fre- 
quencies above 2000 Hz. 

A theory” developed by Westervelt, which permitted 
prediction of the sound attenuation in utero, was con- 
sistent with the empiric data provided by the authors 
cited above. Westervelt concluded that when fraction q 
of the effective area of the human body is insonified, 
the sound attenuation for any frequency below the res- 
onant frequency of existing gases in the body is 20 log 
q decibels. At frequencies above the resonant frequency 
of existing gases, the sound attenuation was predicted 
to increase at a rate of 12 dB per octave. 

Serious doubts of the accuracy of these intrauterine 
sound pressure readings and of the applicability of the 
Westervelt model were raised after the publication of 
further studies in the human’ and sheep," >" in which 
hydrophones were used to measure intrauterine sound 
pressure levels. Querleu et al.* concluded from their 
work with pregnant women that sound from outside 
the mother was rarely attenuated by more than 30 dB. 
In sheep the attenuation in the higher frequencies 
(>4.0 kHz) was 20 to 30 dB, but in the lower frequen- 
cies (<0.2 kHz) the sound level was enhanced by a few 
dB.*"' Several other attributes of the fetal sound en- 
vironment were described by these authors. 

Growing interest in the use of acoustic stimulation as 
an adjunct to the antepartum fetal nonstress test!*"6 
prompted us to measure the intrauterine sound pres- 
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Fig. 1. Sound attenuation in pregnant sheep determined by calculating the difference between sound 
pressure level of octave bands of noise recorded inside and outside the ewe. The line indicates 
average sound attenuation for seven preparations. Open circles represent sound attenuation through 
the side that was closest to the hydrophone (toward the speaker). Closed circles represent sound atten- 
uation through the side that was furthest from the hydrophone (away from the speaker). 


sure level in sheep exposed to sound produced by an 
electronic artificial larynx.” The electronic artificial lar- 
ynx was placed on the abdominal surface of pregnant 
sheep at fixed distances from the fetal head. Sound 
levels in excess of 130 dB were recorded when the 
electronic artificial larynx was located directly over the 
intrauterine hydrophone. 

The characteristics of the fetal sound environment 
are again considered in the present study, which focuses 
on the relationships of sound frequency and source 
distance to sound attenuation and on the contribution 
of ewe and fetus to the intrauterine noise floor. 


Material and procedures 


Seven pregnant ewes carrying singleton fetuses be- 

. tween 130 and 136 days’ gestation were sheared (both 
flanks and stomach region) and anesthetized with halo- 
thane. With the ewe on her back, the fetus was exter- 
iorized through a midline abdominal incision according 
to procedures already described.” A miniature hydro- 
phone was carefully wetted with amniotic fluid to avoid 
the possibility of air bubbles developing on its surface’® 
and sutured near one fetal external auditory meatus. 
Catheters were placed in a fetal axillary artery and a 
superficial shoulder vein and threaded centrally. After 
the uterus was closed, the catheters and hydrophone 
wire were tunneled subcutaneously to the maternal 
flank, exited through a small incision approximately 20 
cm below the dorsal midline, and stored in a cloth 
pouch. Also catheters were placed in a maternal fem- 
oral artery and vein and tunneled to the pouch. Cath- 
eters were flushed daily with heparin (500 U/ml). Ewes 


were allowed to recover for 5 to 7 days before exper- 
imentation began. 

Acoustic signals were recorded with a B&K miniature 
hydrophone (model 8103), amplified (B&K model 2635 
amplifier), and recorded (B&K FM tape recorder, 
model 7005) for later analysis. The hydrophone had a 
length of 50 mm and a diameter of 9.5 mm and was 
attached to a 3 m shielded Teflon cable. The frequency 
response was flat (+2 dB) from 0.1 Hz to 125 kHz. 
Signals were monitored on line with an oscilloscope and 
voltmeter. Before and after each experimert, the hy- 
drophone and amplifier were calibrated with a piston 
phone (B&K model 4223) that produced a 140 dB 
sound pressure level (20 Pa) at 0.22 kHz. At times, 
the output of the hydrophone was high-pass filtered 
(low-frequency cutoff of 60 Hz, 24 dB per octave) to 
circumvent recorder input overload. 

Acoustic calibration of a sound level meter and one- 
half inch microphone (B&K model 4165) and the hy- 
drophone was completed simultaneously. Calibration 
signals were recorded on tape to assure accuracy of 
sound pressure levels during playback. Levels and spec- 
tral composition of all signals were established with a 
high-resolution signal analyzer (B&K model 2033) and 
a voltmeter. 

A place for tethering the ewe was chosen in a low- 
reflection acoustic environment out-of-doors. The out- 
put and direction of two matched speakers located 
2 m distant were carefully adjusted to produce a uni- 
form sound pressure (+3 dB) in the space to be oc- 
cupied by the ewe. 

On the day of the experiment the ewe was tethered 
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Fig. 2. Broadband noise recorded simultaneously in air (upper tracing) and in amniotic fluid (lower 
tracing). 


Table I. Average sound attenuation in decibels for broadband noise, pure tones, and music 
(low-pass filtered) 










Broadband noise 1.0 kHz Pure tone 10.0 kHz Pure tone 





0-21 0 3.5 9.5 13.5 — — ~2.0 2.5 
0-30 —.75 0 16.5 —- — ~ — oe 
0-15 3.0 9.0 — 12.8 — — -— 4.7 
B-114 12.5 12.5 2.0 3.5 15.0 25.0 5.5 — 
B-104 4.8 9.2 0.5 10.0 16.0 8.0 —6.0 ~7.0 
B-121 5.0 6.0 2.5 — 8.0 3.5 — 3.5 
B-134 9.5 19.5 16.0 23.0 16.0 30.0 0.3 — 
Average 4.9 8.5 7.8 12.6 13.7 16.6 — 0.6 0.9 
Grand average 6.7 10.0 15.2 0.2 





Signal levels exceeded 80 decibels. Repeated measurements of various musical pieces and for the two positions of the ewe are 


reported. Toward and Away refer to the relation in the uterus of the hydrophone with respect to the speakers. 


between two posts and at right angles to the speakers. 
A companion ewe remained in a cart close by but out 
of the acoustic field. The outputs from the sound level 
meter, located 2 inches directly above the back of the 
ewe and from the implanted hydrophone, were con- 
tinuously recorded on two channels of the recorder. A 
separate channel was available for comments by the 
experimenter. Recordings were typically made for up 
to 4 hours. During this period the ewes stood in relative 


quiet or were exposed to prerecorded broadband and 
octave-band noise (0.125 through 8.0 kHz) and pure 
tones presented first to one flank and then to the other 
at sound pressure levels in excess of 90 dB. 

Further experiments were conducted after the ewe 
and the fetus were killed with intravenous injections of 
a saturated barbiturate solution. To minimize acoustic 
reflections from the ground, the ewe was secured in an 
upright position and sound recordings were repeated 
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' Fig. 3. Noise environment in amniotic fluid during quiet (45 aA), before (upper tracing) and after 


(lower tracing) animals were put to death. 


in quiet sa during exposure to the pr erecorded tapes. 
After completion of the experiments, the animals were 
. carried to a necropsy area and the location of the hy- 
drophone was carefully determined. The hydrophone 
was removed, cleaned, and recalibrated (<0. 25 dB vari- 
ation in calibration). i 


Results 


Noise levels in the amniotic fluid in the absence of | 


externally generated signals were made up of sounds 
emanating from within the ewe. Normal ambient sig- 
nals recorded outside the ewe were less than 50 dBA 


and included the din of passing vehicles, vocalizations: 


from nearby animals, and the occasional chirping of 
birds, Internal recordings, monitored -with stereo ear- 
phones, were devoid of these external sounds because 
of masking. Gastrointestinal and respiratory sounds 
dominated the internal recordings. Sounds of mas- 
tication, swallowing, and physical movements (foot 
stomping, in particular) were easily detected above the 
noise floor. Occasionally the ewe vocalized or ‘sneezed. 
These responses were quite.discernible, and occasion- 
ally produced pressure changes in the amnion that 


overloaded the hydrophone. Conversation between the ` 


experimenters with normal vocal effort 1 m from the 
ewe exceeded the nojise floor. and was recognizable. 


Speech was muffled and the intelligibility was poor. 


` Pitch, intonation, and rhythm were quite clear. 


-.The difference (in decibels) between the inside and 
outside of the ewe (sound attenuation) was measured 


‘first through one side of the ewe and then through the 
_ other.side. The position of the hydrophone with respect 
` to the side being exposed was determined at necropsy 
i after the experiments were completed. The hydro- 
f phone was always located in the groin area 2 ta 4 inches 


from the abdominal skin surface and either against the 
flank toward the speakers or against the flank away 
from.the speakers. 

Differences (in decibels) between sound levels inside 
and outside the ewe for octave bands of noise delivered 


alternately to both flanks are included in Fig. 1. The 


data were collected from seven preparations while each 


-< side was insonified with signal levels that exceeded in- 


ternal ambient levels in each of the seven octave bands 
(0.125 through 8.0 kHz). The open circles represent 


- sound attenuation through the side that was closest to 


the hydrophone (toward the speakers) and the closed 
circles represent sound attenuation through the side 
that was furthest from the hydrophone (away from). 

i Broadband noise also was introduced to the ewe and 
recorded simultaneously inside and outside. Spectra of 


- the two signals are included in Fig..2. The spectral 
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Fig. 4. Data from this report are included with results of eight other studies of sound attenuation 
in humans (x) and sheep (xx). Earlier studies used microphones covered with a rubber sleeve and 


current studies used calibrated hydrophones. 


analysis was the average root-mean-square power spec- 
tra in decibels in 400 successive frequency bands from 
0 to 10.0 kHz. Each spectrum represents the average 
of 32 samplings of the acoustic signal. It is clear from 
Figs. 1 and 2 that there was some enhancement of 
sound pressure below 0.25 kHz. Above this frequency 
sound attenuation increased to an average of 20 dB at 
4.0 kHz. Through the frequency range studied, sound 
attenuation increased approximately 6 dB per octave 
to levels of 20 dB at 4. 0 kHz. At 8.0 kHz, however 
sound attenuation was 15 dB. 

Broadband noise, pure tones (used to set amplifier 
levels), and amplified music also were delivered to the 
sides of the ewe and recorded simultaneously. Table I 
includes the average sound attenuation calculated from 
the equivalent sound pressure (sound pressure aver- 
aged over time) of these stimuli from each preparation. 
Stimulus levels (>80 dB) were sufficient to exceed the 
internal ambient noise levels. The overall average at- 
tenuation was 6.7 dB for broadband noise, 10.0 dB for 
the 1.0 kHz pure tone, and 15.2 dB for the 10 kHz 
pure tone. For all frequencies, sound pressure within 
the amniotic sac was not uniform and varied from 2 to 
6 dB. 

A quantitative description of the internal environ- 


ment with the use of spectral analysis revealed pre- 
dominantly low-frequency noises with maximum en- 
ergy below 0.2 kHz (Fig. 3, upper trace). This figure 
is a spectral analysis of 32 representative tracings from 
one animal. The upper trace is a recording made while 
the animal was alive. The noise floor rose and fell with 
respiration and dropped as low as 50 dB (spectrum 
level) above 0.2 kHz. Below this frequency the noise 
floor rose steadily to over 70 dB sound pressure level. 
However, without signal filtering, spectral levels were 
between 90 and 100 dB. Recorder overload precluded 
accurate measurement of signals below 60 Hz. 

After animals were put to death, sound levels dimin- 
ished by approximately 10 dB above 0.2 kHz and up 
to 30 dB below 0.1 kHz (Fig. 3, lower tracing). The 60 
Hz high-pass filter was in line for these recordings. 
Because the noise floor dropped, speech became con- 
siderably clearer yet not completely intelligible. Normal 
environmental sounds still were not audible. 


Comment 


Our work supports that of other researchers who 
used sheep > and humans” *; we found that the in- 
trauterine sound environment was dominated by fre- 
quencies below 0.5 kHz. Vince et al. indicated that 
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noise levels in the low frequencies reached 106 dB 
(sound pressure level in equivalent sound level in 100 
Hz bands). Querleu et al.* found maximum internal 
noise levels in one-third octave bands to be approxi- 
mately 90 dB at 0.25 kHz.’ Levels at higher frequencies 
dropped to below 70 dB. We reported levels from 90 
to 100 dB (spectrum level) below 0.2 kHz. For fre- 
quencies above 0.2 kHz, levels dropped to approxi- 
mately 50 dB (spectrum level). These results compare 
favorably with those reported by Vince et al. and are 
10 to 20 dB more sensitive than those reported by 
Querleu et al.” However, differences in the bandwidths 
used by Querleu et al. may explain the higher values. 

The use of a hydrophone rather than a microphone 
to measure intrauterine sound pressure levels probably 
accounts for the dramatic difference in sound atten- 
uation reported by Querleu and Vince and found by 
us in the present study.*’* Walker et al.° acknowledged 
earlier that an impedance mismatch between a micro- 
phone and a fluid environment could bias the measured 
sound pressure level. 

In recent experiments in humans, broadband noise 
was delivered to the side of the mother through a 
speaker located 1.5 m away. Intrauterine sound, re- 
corded by a hydrophone placed transvaginally, was 
compared with sound recorded at the abdominal sur- 
face with a microphone. Sound attenuation ranged 
from 2 dB at 0.25 kHz to 26 dB at 2.0 kHz.** Using a 
similar paradigm in pregnant sheep, Armitage et al.’ 
and Vince et al.*° calculated sound attenuation as low 
as 7 dB at 0.25 kHz to 20 dB at 4.0 kHz. Fig. 4 shows 
how our results compare with those of eight studies 
published previously. ™ * 5° 

Sound attenuation was dependent on the location of 
the hydrophone in the amnion with respect to the po- 
sition of the sound source. A difference of as much as 
6 dB was noted when the two different flanks of the 
ewe were exposed. Vince et al.*° reported that the at- 
tenuation of external sounds from 0.5 to 4.0 kHz de- 
creased during the last weeks of gestation. It very well 
may be that properties of the tissue and amniotic fluid 
change during this time. However, equally possible are 
changes in the position of the hydrophone with respect 
to the external sound source. As the fetus approaches 
term, the head moves toward the pelvis of the ewe. 
This movement could account for the reported reduc- 
tion in attenuation, as well as some of the variability in 
data presented in their articles. i 

It is clear that the fetus is developing in an environ- 
ment of sound that is rich with internal and external 
signals. To what extent these stimuli penetrate the coch- 
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lea and stimulate hair cell activity remains to be deter- 
mined. Quantification of sound reduction from the 
sound field of the ewe to the fetal inner ear is important 
before the likelihood of imprinting and environmental 
noise hazards can be assumed. 
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Magnesium plus nifedipine 


To the Editors: 

I would like to draw attention to the problematic 
suggestion of a possible potentiation of hypotension 
when nifedipine was added to magnesium sulfate (and 
a-methyldopa) in two women with preeclampsia (Wais- 
man GD, Mayorga LM, Camera MI, Vignolo CA, Mar- 
tinotti A. Magnesium plus nifedipine: Potentiation of 
hypotensive effect in preeclampsia? Am J OBSTET GY- 
NECOL 1988;159:308-9). Inasmuch as neither of the 
patients ever received nifedipine alone (or magnesium 
alone or the combination of magnesium and nifedipine 
alone), no inferences concerning interactions or an “ex- 
aggerated hypotensive response” are valid. It is equally 
possible that the “exaggerated hypotensive response” 
would have been observed (1) if nifedipine had been 


the sole agent used, (2) if nifedipine had been added- 


to a-methyldopa in the absence of magnesium, (3) if 
nifedipine had been added to magnesium sulfate alone, 
or (4) as occurred in these two cases, if nifedipine were 
added to the combination of magnesium sulfate and a- 
methyldopa. 

If the authors genuinely believe there is a theoretic 
basis for such an interaction and that it might be clin- 
ically important, they should apply scientific methods 
to study the question, rather than raising the spectre 
of fetal “deterioration or even death of the fetus” on 
the basis of a case series of two. 

Kathy Ales, MD 
Department of Internal Medicine 
Cornell University Medical College 
The New York Hospital 
515 E. 71st St., 8-800 
New York, NY 10021 


Reply 
To the Editors: 

The objective of our article was to comment on the 
exaggerated hypotensive response that we observed in 
two patients when nifedipine was added to treatment 
with magnesium sulfate and a-methyldopa. 

This was noteworthy in that between 1987 and 1988 
we have evaluated 45 patients with hypertension as- 
sociated with pregnancy, and this response was only 
observed with the scheme as outlined above (magne- 
sium sulfate plus a-methyldopa with the later addition 
of nifedipine). It must be pointed out that the two pa- 
tients in question did not differ from the rest with re- 
spect to clinical or biochemical characteristics. The re- 
maining 43 patients received the following treatments: 
nonpharmacologic treatment, 10; magnesium sulfate 
only, 2; magnesium: sulfate plus nifedipine, 2; mag- 
nesium sulfate plus a-methyldopa, 2; a-methyldopa 
only, 17; a-methyldopa plus nifedipine, 3; and others 
(clonidine or B-blockers), 4. 
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In no case did we use nifedipine alone, as we do not 
consider it a first-line drug. 
Neither our article nor our previous experience as- 


.sert in any way that the exaggerated hypotensive re- 


sponse is a result of a specific interaction between ni- 
fedipine and magnesium sulfate. For this it would be 
necessary to perform a prospective, controlled, double- 
blind study, which we are designing. 

Nevertheless, the cited bibliography and the com- 
municated clinical observation lead physicians to be 
aware of this possible interaction. 

Gabriel D. Waisman, MD 
Seccion Hipertension Arterial 
Hospital Italiano de Buenos Aires 
1181-Gascon 450 Capital Federal 
Buenos Aires, Argentina 


The influence of drugs with B-adrenergic actions 
on prostacyclin production of human umbilical 
cord vessels 


To the Editors: 

Various drugs with an action on B-adrenergic recep- 
tors are used in pregnancy, for instance, tocolytic drugs 
that are stimulating agents and antihypertensive drugs 
that are blocking agents. Whereas there is little alter- 
native to the use of B-adrenergic tocolytic agents, the 
drug of choice for the treatment of pregnancy-induced 
hypertension is still debatable. So far, B-adrenergic 
blocking agents have been widely used, especially the 
cardioselective ones. After initial reports of adverse ef- 
fects on the fetus, now there is overwhelming evidence 
that these drugs are most useful in the treatment of 
hypertension in pregnancy. Inasmuch as both these 
groups of medicaments readily pass the placenta, their 
action on the fetus is of interest. 

The prostacyclin (PGI,) production of maternal and 
fetal vessels is thought to play an important role in 
the pathogenesis of pregnancy-induced hypertension." 
The equilibrium that exists in normal pregnancy be- 
tween PGI, production of the vessel endothelium and 
thromboxane production of the platelets is altered; 
there is less PGI, produced in hypertension. Because 
the action of B-adrenergic blocking drugs was associ- 
ated with an effect on one of the components of this 
system in some reports,” this work examines the influ- 
ence on PGI, production of three B-adrenergic block- 
ing agents—propranolol, metoprolol, and betaxolol- 
and of fenoterol, which stimulates B-adrenergic recep- 
tors. Fenoterol, in action similar to ritodrine, is one of 
the most commonly used tocolytic agents in Europe. 

PGI, production was estimated in the umbilical ar- 
teries of healthy babies born at term. The vessel prep- 
arations were incubated in tris buffer pH 8.4, at five 
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Fig. 1. Drug-induced changes in PGI, metabolite production of fetal cord vessels, expressed as 
percentages of spontaneous production. Each point represents mean of five estimations. 


different concentrations (107°? to 1077 molar) for 1 hour 


at 20° C. As controls, physiologic saline solution was. 


added to umbilical vessel preparations and so sponta- 
neous production of PGI, was estimated. PGI, basal 
values were obtained after addition of indomethacin to 
the tissue preparation. Estimations were carried out on 
five different cord vessel preparations for each drug 
concentration with the accompanying control and basal 
values. Because of the rapid decomposition of PGI,, 
estimations were made of the stable PGI, metabolite, 
6-keto-PGF,,. This was carried out radioimmunologi- 
cally with a kit from NEN. PGI, metabolite values were 
assumed to be directly related to PGI, values. 

All three -adrenergic receptor blocking drugs stim- 

ulated PGI, metabolite production of the umbilical ar- 
teries. In contrast, the B-adrenergic receptor stimulant 
fenoterol decreased spontaneous PGI, metabolite pro- 
duction. Because the measured values in the different 
tissue preparations varied markedly (range, 0.48 to 
6.75 ng) the drug-induced changes are expressed as 
percentages of spontaneous production (Fig. 1). After 
calculation of the integral increase of PGI, metabolite 
over the five concentrations, the values for betaxolol 
and propranolol showed similar increases, each of 
about 50%, whereas metoprolol produced only half this 
activity.(27%). The integral decrease because of feno- 
‘terol was 49%. In the statistical evaluation, significant 
changes in PGI, metabolite production, as compared 
with spontaneous production, were obtained for all 
drugs (betaxolol and fenoterol, p < 0. 001, metoprolol 
and propranolol, p < 0.01). 

The results indicate that drugs with an action 
on B-adrenergic receptors might also influence the 
prostacyclin-thromboxane system. 


Department of Obstetrics and Gynecology 


The dose tested (10~” mol/L) of the three blocking 
drugs represents a concentration in maternal and fetal 
blood similar to those obtained after therapeutic dos- 
age. An increase in PGI, production in the fetal ves- 
sels ought to be of advantage to the fetal hemodynam- 
ics, especially in pregnancy-induced hypertension. Of 
the two cardioselective 8-adrenergic receptor blocking 
drugs tested, metoprolol already has widespread use in 
pregnancy and from this work it appears that betaxolol 
is equally suitable for use. However, noncardioselective 
blocking drugs such as propranolol are not recom- 
mended because of the possibility of inducing uterine 
contractions. 

There is still little kiwi about the action of tocolytic 
agents from the group of -adrenergic receptor stim- 
ulants on PGI, production. In this study, a depressive 
effect on production was observed after administration 
of fenoterol. Although in therapeutic dosage (1077 
mol/L) this action might not be evident, care should 
be taken in the treatment of preeclamptic patients with 
§-adrenergic tocolytic agents. 

T. H. Lippert, MD 

S. Schneider-Zeh 

l H. Seeger 
J. P. Clees 


University of Tübingen 
Tübingen, West Germany 
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Remarks deemed overly critical of research by 

-private practice physicians 
To the Editors: 

I read with some consternation the comments of- 
fered by Drs. Richard Reid and Stanley F. Gould in 
regard to the article by Dr. Waeckerlin et al. (Waeckerlin 
RW, Potter NJ, Cheatham GR Jr. Correlation of cy- 
tologic, colposcopic, and histologic studies with im- 
munohistochemical studies of human papillomavirus 
structural antigens in an unselected patient population. 
AM J OBSTET GYNECOL 1988;158:1394-401). My con- 
cern with Dr. Reid’s comment is twofold. First, Dr. Reid 
appears to be rather hard on the authors for various 
methodologic flaws in the study. I think that it is com- 
mendable of these authors to have taken the time from 
what is undoubtedly a busy private practice to gather 
the data that they presented. One must realize that 
physicians in private practice do not have access to the 
resources or funding of physicians engaged in aca- 
demic rigorous scientific studies. There is nonetheless 
a great deal of information that can be obtained from 
physicians i in the private sector who are willing to take 
the time and put forth the effort to collect their num- 
bers and attempt to organize them in some meaningful 
manner. I would find it very difficult to present data 
gathered from my practice if I were faced with the 
prospect of such critical comments from a person of 
Dr. Reid’s stature. The study should be accepted for 
what it is and its methodologic flaws acknowledged, but 
the point of the article should not be overlooked, to 
wit, that there is an awful lot of papillomavirus running 
loose in the population. 

My second concern with Dr. Reid’s comments has to 
do with his criticisms of screening colposcopy, which he 
states should not be performed but later advocates cer- 
vicography as a screening procedure. As a gynecologist 
who does perform screening colposcopy I find it amaz- 
ing that Dr. Reid believes somebody looking at a flat 
photograph of a cervix can outperform a well-trained 
and experienced colposcopist with a high-quality col- 
poscope looking directly at the patient. Dr. Reid’s com- 
ments are truly demeaning to those of us who have 
taken the time and put forth the effort to obtain exper- 
tise in this field. I believe that any well-trained colpos- 
copist will be able to differentiate between trivial sub- 
clinical papillomavirus infections and significant grade 
dysplasia with a high degree of accuracy, at least equal 
to and almost certainly superior to that obtained with 
cervicography. This is not to belittle the value of cervi- 
cography as a screening technique for those who are 
untrained in colposcopy or who do not wish to take the 
time to perform screening colposcopy on their patients. 
I also believe that screening colposcopy will not lead the 
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intelligent clinician to excessive treatment of insignifi- 
cant lesions as feared by Dr. Reid. 

Dr. Gould expressed amazement at the prevalence 
rates of papillomavirus infection found by the authors. 
Although my experience is not as extensive as the au- 
thors of the article, in my practice in a small town in 
rural Mississippi I find colposcopic evidence of papil- 
lomavirus infection in approximately an equal per- 
centage of my patients. I agree with the discussants of 
this article that treatment of these infections is probably 
futile and should not be carried out unless there is 
evidence of premalignant transformation. Evidence of 
papillomavirus infection that shows no such transfor- 
mation should merely be viewed as marker for sexual 
activity. These authors’ experiences in a small town in 
Wyoming as well as my own in a small town in Missis- 
sippi just show that the folks in urban centers do not 
have a corner on sexual activity. On balmy summer 
evenings people in the rural areas do not just sit around 
and listen to the corn grow. 

James M. Davison, DO 
618 Alcorn Dr. 
Corinth, MS 38834 


Reply 
To the Editors: ` 

Dr. Davison states that my criticisms of the article by 
Dr. Waeckerlin et al. were too harsh. Within the normal 
workings of the peer review process, flawed manu- 
scripts are usually rejected by private mail. However, 
in publishing the proceedings from selected medical 
societies, the AMERICAN JOURNAL of OBSTETRICS and 
GYNECOLOGY tables both the original article and re- 
viewer criticisms in juxtaposition. This format has the 
strength of allowing the reader to weigh and balance 
the author’s original perspective against that of any 
detracting comments. However, because conclusions 
drawn from these articles may affect the future man- 
agement of real problems in live people, it is especially 
important that the reviewers conscientiously identify 
any methodologic flaws of misinterpreted results. 

Certainly, because these reviewer comments are 
printed at the end of the article, one would hope that 
any criticisms be expressed in respectful terms. After 
rereading this commentary, I remain comfortable that ` 
my criticisms were entirely constructive, and that they 
were expressed in polite (rather than sarcastic) lan- 
guage. Hence, whereas I empathize with the sentiments 
expressed by Dr. Davison’s letter, I disagree entirely 
with his conclusions. It would be dangerous to en- 
dorse the notion that there should be two scientific 
standards—a rigorous one for academics and a much 
softer one for busy private practitioners. Although it 
may be laudable for “physicians in private practice 
to... collect their numbers” it is not necessarily desir- 
able that such internal audits burgeon the medical lit- 
erature. Scientific publications are not laurels to be 
awarded worthy PRRD as some kind of reward 
for loyal service. 
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Dr. Davison’s second concern was my condemnation 
of screening colposcopy. Although noninvasive, col- 
poscopy is an intricate and time-consuming procedure 
designed for the diagnostic workup of an abnormal 
Papanacolaou smear, I do not know of any Anglo- 
American authority who has endorsed colposcopy as a 
screening test. Apart from an inherent lack of cost- 
effectiveness, screening colposcopy also suffers from a 
very poor specificity. In a study wherein 1000 Detroit 
women were screened by cytoloy, hybridization, and 
cervicography, no less than 23% of patients had a focus 
of acetowhite change,’ only about one third of which 
were actual “lesions.” Differentiation of various phys- 
iologic reasons for acetowhitening from a significant 
pathologic change requires a great deal more expertise 
than possessed by the average colposcopist. In contrast, 
experience with the cervicography camera has shown 
that the cost of detecting a case of significant cervical 
dysplasia is several times less than that for cytology,’ 
and that the experienced eye can be trained to overlook 
the multitude of clinically meaningless acetowhite 
changes. 

Richard Reid, MD 
Department of Obstetrics and Gynecology 
Sinai Hospital of Detroit 
6767 W. Outer Dr. 
Detroit, MI 48235 
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GBS-Test sensitivity questioned 
To the Editors: 

Early-onset group B streptococcal infection of new- 
borns may be prevented by selective intrapartum an- 
tibiotic prophylaxis. In their article (Christensen K, 
Christensen P. A screening test (GBS-Test) for urogen- 
ital carriage of group B streptococci. AM J OBSTET Gy- 
NECOL 1987;157:341-2) Christensen and Christensen 
describe a commercial kit (GBS-Test) for easy detection 
of group B streptococci in the cervix, urethra, and rec- 
tum during pregnancy. The results of the test are very 
simple to read because the presence of group B strep- 


tococci in the test tube results in the appearance of an - 


orange pigmentation. 

As part of a larger epidemiologic study we wanted 
to investigate the usefulness of the GBS-Test. The man- 
ufacturers kindly made the kit available to us and we 
used it in exact accordance with the written instructions 
enclosed. l . 

A total of 65 pregnant women were screened by 
means of high vaginal swabbings that were performed 
in duplicate. One swab was immediately placed in the 
GBS-Test tube and incubated =48 hours, the other 
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swabbing was placed in a conventional selective broth 
medium (Todd-Hewitt broth containing 0.8 pg/ml 
gentamicin, 1.5 ug/ml nalidixic acid, and 5% sheep 


` blood) that was incubated overnight and then subcul- 


tured on blood agar plates. With this conventional 
method group B streptococci were found in 11 of the 
65 specimens, whereas none of the specimens had pos- 
itive results in the GBS-Test. When the tubes were in- 
oculated with a pure culture of different group B strep- 
tococci laboratory strains, the orange color clearly de- 
veloped within 24 hours. 

` Therefore we conclude that the sensitivity of the 
GBS-Test is very low, as compared with conventional 


- isolation in selective broth. Although the clinical im- 


portance of the decreased sensitivity is unknown, the 
GBS-Test should be considered unqualified for epi- 
demiologic studies. 
Anne Lester, MD 
Mogens Vejtorp, MD 
Leif A. Rasmussen, MD 
: Bo Jesper Hansen, MD 
Departments of Clinical Microbiology and Obstetrics 
and Gynecology 
University Hospital of Hvidovre 
DK- 2650 Hvidovre 
Denmark 


Reply 
To the Editors: 

We have no reason to question the data given by Drs. 
Lester, Vejtorp, Rasmussen, and Hansen. The GBS- 
Test demands skillful production technique and quality 
control under the supervision of an experienced clinical 
bacteriologist. We can assure you that these demands 
were fullfilled when we were associated with the com- 
pany. We are grateful for the opportunity to clarify the 
fact that we cannot take any responsibility for the 
standard of this test after we left the company. 

Karen Kvist Christensen 
Poul Christensen 
Department of Medical Microbiology 
University of Lund 
Malmé General Hospital 
Malmö, Sweden S-21401 


Management of isoimmunized pregnancy by use 
of intravascular techniques 


To the Editors: 

We applaud the successful experience with intravas- 
cular transfusion reported by Dr. Barss et al. and in 
general agree with their protocol and indications for 
its use (Barss VA, Benacerraf BR, Frigoletto FD, et al. 
Management of isoimmunized pregnancy by use of 
intravascular techniques. AM J OBSTET GYNECOL 
1988; 159:932-7). However, there are several key points 


` with which we take exception: 


l. Performance of these procedures for fetuses in 
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the “viable” gestational age group (at least 14 of their 
23 cases) in an outpatient setting nearly 10 minutes 
from the delivery suite seems an unnecessary and po- 
tentially dangerous risk. Beyond the transport time, the 
need to establish an intravenous line and other emer- 
gency preoperative evaluations could delay the (fetal 
distress) diagnosis to delivery time nearly 30 minutes. 
In our center, a sustained fetal bradycardia (>5 min- 
utes) immediately on completion of an otherwise un- 
complicated intravascular transfusion had a successful 


outcome only because the procedure was performed in. 


the delivery suite, allowing for immediate cesarean sec- 
tion. Dr. Barss et al. have reported a similar case’ with 
severe anemia and acidosis that further underscores 
this point. 

2. Fetal bradycardia and puncture site bleeding are 
by no means rare events as indicated by virtually all 


published series.?* Whereas we agree that the benefits - 


of posttransfusion fetal heart rate monitoring have not 
been proved, it is equally clear that Dr. Barss et al. have 
not proved the safety of not doing so. The fetal death 
reported by the authors' might very well have been 
prevented by post procedure fetal heart rate monitor- 
ing. The detection of fetal tachycardia, late decelera- 
tions, and sinusoidal pattern would be most likely in a 
large fetal vessel bleed as described. 

3. Dr. Barss et al. further suggest that prophylactic 
antibiotics and a formal sterile preparation and field 
have no proven benefit, yet their other major compli- 
cation is a neonatal death from fetal sepsis. Several 
physicians** have reported isolated cases of fetal sepsis 
after intravascular procedures, all without the use of 
antibiotic prophylaxis. We had a case of fetal sepsis early 
in our series of intravascular transfusions, but have had 
no infectious complications in 27 subsequent proce- 
dures with the use of single dose antibiotic prophylaxis 
and full sterile preparation and drape. In addition, we 
have not found a report of fetal, sepsis when antibiotic 
prophylaxis has been used for intravascular proce- 
dures. 

The authors make the point that when difficult pro- 
cedures occur or multiple needle insertions are made 
that consideration for prophylaxis should be given, In 
our experience it is most difficult to prospectively dif- 
ferentiate the straight-forward from the difficult pro- 
cedures, hence good basic sterile surgical technique and 
preoperative prophylactic antibiotics seem prudent. 

4. Dr. Barrs et al. indicate that morbidity because of 
prematurity can pose significant problems, yet they do 
not use tocolytic agents prophylactically and do not 
routinely monitor uterine activity after the procedure. 
Given the frequency of polyhydramnios in these pa- 
tients and their propensity to preterm labor, coupled 
with the uterine irritability associated with any intra- 
uterine procedure, failure to perform postprocedure 
tocodynamometry may lead to delayed detection and 
preterm birth. Moreover, we agree with Berkowitz 
et al.’ that uterine quiescence decreases the risk of dis- 
lodging the puncture needle during intravascular 
transfusion. 
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In conclusion, we urge the authors to be cautious 
before suggesting that an outpatient clinic approach is 
appropriate for intravascular procedures in viable fe- 
tuses. Whereas such an approach could substantially 
cut medical cost, its safety must be substantiated by 
larger patient numbers before it is adopted. 

Manuel Porto, MD 
Yuji Murata, MD 
Kirk A. Keegan, Jr., MD 
Center for Fetal Evaluation and Treatment 
Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
University of California Irvine Medical Center 
Orange, CA 92668 
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Reply 
To the Editors: 

We appreciate the comments of Dr. Porto et al. with 
regard to our management of isoimmunized pregnancy 
with the use of intravascular techniques. We would like 
to respond to several points that they made in their 
letter. We are confident that we can safely perform fetal 
blood sampling and transfusion procedures in our ul- 
trasonography laboratories both proximal to the hos- 
pital and within the hospital four floors distant from 
the delivery suite. We have performed >200 invasive 
procedures without incurring any problems that can 
be attributed to the ultrasonography laboratory site. 

It was not the purpose of this article to advocate the 
particular site but rather to report our experience. In 
no instance in our experience has the site been re- 
sponsible for the adverse outcome. In our hospital and 
in others it would be difficult to perform these pro- 
cedures within the delivery suite. In the case cited by 
Dr. Porto et al. it is not clear to us what caused the 
sustained fetal bradycardia or whether an emergency 
cesarean section was either necessary or lifesaving. 

. We agree with Dr. Porto et al. that posttransfusion 
fetal assessment should be made but do not believe that 
routine posttransfusion fetal heart rate monitoring is 
necessary. In our experience if at the end of the pro- 
cedure the fetal heart rate is normal, the fetus is active, 
and there is no evidence of intrauterine bleeding by 
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ultrasonography, then further prolonged deoi fe- 
tal heart rate monitoring does not provide additional. 
useful information. However, if at the end. of the pro- 
cedure there is persistent or prolonged bleeding, fetal 
tachycardia, or fetal bradycardia, then we send the pa- `’ 
tient to the'labor floor for continuous fetal monitoring. | 


until fetal well being is assured. We prefer not to use 


prophylactic medications in the absence of-a demoù- ` 


strable benefit. The number of casés‘in the literature 


is too small to demonstrate a benefit from prophylactic 


antibiotics at the time of the procedure: 


In the past 6 years we have not had premature Jabor: i 


develop in one patient within 48 hours of a procedure. 
Although this was a more common complication with 
the use of older techniques with large bore Tuohy nee- 
dles, it does not appear to occur when using a smaller 
22 gauge spinal needle. We use the same size needle 
for amniocentesis, percutaneous umbilical vein sam- 


pling, and intravascular transfusions and do not believe | ` 
that prophylactic tocolytic agents are necessary in any. ” 
of these procedures. Intravascular fetal transfusions , 
are carefully performed at our institution by an ex-. 
perienced team. We are constantly trying to learn more ~ 
about the procedure to improve safety and efficacy of `- 
our techniques. However, until more powerful data are . 


available we hesitate to use a variety of drugs to avert 
theoretic and potential complications. 


Department of Obstetrics and Gynecology . 
Brigham and Women’s Hospital 
Harvard Medical School 


' 75 Francis St. 


Boston, MA 02115 


Primary cervical melanoma 
To the Editors: 


Dr. Don Sloan is wrong is his assertion that “Malig- ` 


nant melanomas have never been identified in the‘cer- 
ix” (Diagnosis of a tumor with an unusual presentation 
in ade pelvis. Am J OBSTET GYNECOL 1988; 159:826-7). 


Ariel' in a review of 48 cases of malignant melanoma’ 


of the female genital system reports 15 cases of primary. 
cervical melanoma. 


Department of Radiotherapy 

Leicester Royal Infirmary 

Infirmary Square. 

Leicester, England LEI 5WW ` > 
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Reply 
To the Editors: 


Thank you so much foi the letter from: Dr. Divers. 


I am most grateful. 


-1021 Park Avenue 
` Neui York, NY 10028 


Vanessa Barss, MD p 


` M. J. Divers, BSc ims MB, ChB 
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My ‘search included: my own. medical school library 


service and the Armed Forces Institute, which included 
all their ‘combined facilities: I have certainly sent for 
‘the article i in question for my files. 


_1 am suspicious -that the issue of the schwannoma 


_. portion may have confused the survey and my com- 
- ment should have-included that additive. After confir- 
. mation of this from Dr. Ariel’s paper, I will be sure to 


add this information to the many requests I have re- 
ceived for reprints. 
A Don Sloan, MD 


Black premature births, maternal hematocrits, 
and gestational age data 


i To the Editors: 


Lieberman et al. (Lieberman E, Ryan KJ, Monson 


` RR, et al. Association of maternal hematocrit with pre- 


mature labor. AM J OBSTET GYNECOL 1988:159:107- 
14) have reported that for black newborns, 46% of the 
increased risk of prematurity was related to the he- 
matocrit or some factor associated with the hematocrit 
among specific groups at high risk. More surprisingly, 
they had previously reported that 60% of the increased 


_ rate of premature births among all black newborns was 
-Telated to the hematocrit. They have concluded “the 


racial difference in the rate of premature birth is at- 
tributable to specific medical and socioeconomic char- 
acteristics.”? 

- The methods and results of these investigations and 


' their precarious implications must be challenged. Their 
-data were derived from selected patients taken from a 


selected population at a tertiary care facility, and se- 
lection bias may have exaggerated the effect of the 
hematocrit as a risk factor. A total of 57.5% of black 
mothers received welfare, as compared with 7.6% of 
the white mothers.'.A comparison of other demo- 
graphic data with the vital statistics natality data of Mas- 


- _ sachusetts and the United States has indicated the black 


newborns in the study approximate a random sample 
of the population. However, mothers of the white new- 
borns were at a lower risk of being delivered of pre- 
mature infants than was the general population of 
white mothers. They were better educated, had more 
early prenatal ‘care, were less likely to be <20 years of 
age,-and were more likely to be married.* * 
Unfortunately, the authors’ use of gestational age 


` directly measured, excluding all birth weight infor- 


mation in a study of newborns, has prevented other 
crucial comparisons. with population-based or vital sta- 
tistics data to evaluate the generalizability of their re- 
sults. In the vital statistics, the. primary source of de- 
mographic data, gestational age data are seriously un- 
derreported.* The Masschusetts natality data for 1980 
have revealed that 40% of black births and 19% of white 
births were without. gestational data; for premature 
births there would be even less information available. 


- Furthermore, inthe present study, the distribution of 
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the numbers of newborns at various gestational ages 
has not been stated, which prevents other comparisons. 

Vital statistics data for the United States,® as well as 
for California and Georgia,® population-based studies 
of middle-income families enrolled in a health main- 
tenance organization,” the Collaborative Perinatal Proj- 
ect, and the extensive investigations of Garn and as- 
sociates,* spanning almost 20 years, are in general 
agreement. There is no explanation for a black low- 
birth-weight rate twice that of white newborns and 
three times greater among infants who weigh <1500 
gm. Nor is there an explanation for the fact that once 
born, black low-birth-weight infants are more likely to 
survive.’ Both black and white newborns are at greater 
risk of low birth weight if the mothers are unmarried, 
less educated, very young, smoke, of low socioeconomic 
status, and receive less medical care. However, an unex- 
plained racial disparity remains when each of these risk 
factors is taken into account. 

The suggestion that there is a nutritional explanation 
of major importance relating prematurity and a low 
hematocrit in this country brings to mind as a caveat 
the elaborate investigations of Rush et al.° that origi- 
nated >20 years ago. Their randomized controlled trial 
of nutritional supplements among black disadvantaged 
mothers increased the number of low-birth-weight in- 
fants and neonatal deaths in one group. Redefinition 
of the problem of prematurity with gestational age 
rather than birth weight as the important risk factar, 
as done by the authors, has obscured but has not altered 
what is known about the explanation for premature 


births. Moreover, were it possible to clean away the. 


statistical build-up from their evidence, in my view, 
there would be little left to support the authors’ claim 
that the hematocrit or something related is a major risk 
factor of premature births. 


Samuel Sepkowitz, MD 
Department of Pediatrics j 
5300 N. Meridian | 
Oklahoma City, OK 73112 
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_ Reply 
To the Editors: 

Dr. Sepkowitz criticizes the selection and composition 
of the study population in our article. He states that 
our “data were derived from selected patients” and that 
“selection bias may have exaggerated the effect of he- 
matocrit as a risk factor.” In fact, all women who came 
to the hospital for delivery of infants were eligible for 
the study. A total of 90% of the women who were ap- 
proached fully participated in the study and informa- 
tion from the medical record was available for the 
women who were not interviewed. The higher pro- 
portion of black women who received welfare reflects, 
not selection bias, but the higher percentage of black 
people in the population as a whole who receive such 
assistance. 

Dr. Sepkowitz seems concerned that our study pop- 
ulation was not a random sample of the entire U.S. 
population; we never stated that it was. Few studies are 
conducted with such a sample. However, his implication 
that our results are invalid because the educational 
level, marital status, or age of our population differed 
somewhat from the U.S. population as a whole, is in- 
correct. Dr. Sepkowitz seems to be confusing the gen- 
eralizability of a study with its validity. In addition, the 
use of statistics allowed us to examine the association 
of hematocrit with preterm birth while taking into ac- 
count the effects of all those other variables about which ° 
Dr. Sepkowitz is concerned. We regret that the author 
believes it is necessary to refer to these methods as 
“statistical build-up.” The multivariate methods used 
in this study are generally accepted as useful and valid 
methods that help us understand complex problems. 

The author also implies that our analysis should have 
been’ performed with birth weight rather than gesta- 
tional age data because such an analysis would allow 
direct comparison with vital statistics data. We have not, 
as the author suggests, “redefined” prematurity but 
have used the accepted definition of gestational pre- 
maturity.’ Our use of gestational age rather than birth 
weight data was intentional and was determined on the 
basis of biologic considerations. Low-birth-weight ba- 


‘bies include both preterm and small-for-gestational- 


age babies. These two adverse pregnancy outcomes 
represent different processes? and therefore can be ex- 
pected to have different causes. The study of prema- 
turity separate from small-for-gestational-age infants 
allows elucidation of risks specific to this problem. Fur- 


_ ther limitation of the outcome in question to preterm 


labor (thus eliminating women with complications of 
pregnancy that require early delivery) allows exami- 
nation of an even more specific process. 

The author also suggests that nutrition as a poten- 
tially important factor in the occurrence of preterm 
birth in the United States has been ruled out by the 
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study of Rush et al.* In fact, he cites the results incom:, 
pletely and selectively. In that study, the increased risk , 


of low birth weight and other adverse outcomes oc- 
curred among women who received a high protein sup- 
plement. Women who received a balanced supplemen- 
tation actually had a longer mean gestation and a higher 


` mean birth weight. The importance of nutrition:as a 


potential risk factor during pregnancy was recognized 
by the Institute of Medicine in its comprehensive study 


of low birth weight.! That report concluded that poor - 


nutritional status before pregnancy and inadequate nu- 


trition during pregnancy increase the risk of low birth 


weight. 

Finally, we disagree with Dr. Sepkowitz that “there į is 
no explanation for a black low-birth-weight rate twice 
that of white newborns.” It is not that an explanation 


does not exist, it is only that we are not wise enough . 


to understand this very complex problem. 
Ellice Lieberman, MD, DrPH 


Kenneth J. Ryan, MD. 


Department of Obstetrics and Gynecology 
Brigham and Women’s Hospital. ' 
Harvard Medical School 
75 Francis St. 

Boston, MA 02115 


Department, of Epidemiology - 
Harvard School of Public Health 
677 Huntington Ave. 

Boston, MA 02115 


Harvard Community Health 
10 Brookline Place West: - 
_ Brookline, MA 02146 
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Autotransfusion during cesarean section © 


To the Editors: 
For a long time autotransfusion has played an im- 


portant role in the prevention of blood-transmitted dis- 7 


ease such as hepatitis and acquired immunodeficiency 


syndrome. This technique allows the patient to be trans- 


fused with his own blood, both in elective and emer- 


gency procedures. In the latter, mainly in those cases _ 
complicated by major hemorrhage, autotransfusion has 


proved itself very useful, allowing aspiration, filtration, 


concentration, washing, and retransfusion of blood by _ 


means of special instruments and machines. In fact, in 
the above-mentioned conditions, prestored deposits are 
not always available or. sufficient. 

We used autotransfusion at I Clinica aria e 
Ginecologica of the University of Rome “La Sapienza” 


Richard R. Monson, MD, ScD f 
Stephen C: § choenbaum 


-I Clinica Ostetrica e Ginecologica 
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in eight v women dedo elective cesarean section 


< to verify the ability of a machine (Cell Saver III, He- 
‘monetics Corp., Massachusetts) to clear amniotic fluid 
: from centrifuged blood, which then was transfused 


back to the patient. ` 
Procoagulant activity of amniotic fluid is well known 


and so are the resulting risks of mixing this biologic 


fluid with the recovered blood. We evaluated the pres- 


- ence of amniotic fluid both by direct technique, search- 
“ing for one of its specific components “phosphatidyl- 


glycerol,” -and’ by indirect technique, analyzing its 


‘clotting activity. We used spectrophotometry for the 


former and prothrombin time for the latter, replacing 
thromboplastin with amniotic fluid, which is able to 


`- promote clotting of plasma control samples. 


- The data obtained allow us to demonstrate an ab- 
solute lack of coagulant activity in. centrifuged blood 


‘and the near disappearance of phosphatidylglycerol in 
+ it; the very small amount we found was mainly because 


of red cell -hemolysis (phosphatidylglycerol is present 


~“. on erythrocyte membranes) during the procedure. 


Therefore, we believe that autotransfusion with 
blood obtained during cesarean section is without risk. 
We also think it may be a useful, although not a money- 
saving procedure, for the mother and perhaps the fetus 


” to avoid a potential source of infection through a het- 


erologous transfusion. . 

In conclusion, we believe that autotransfusion should 
be performed at the time of cesarean section only when 
the membranes are not ruptured, to avoid bacterial 
contamination, and, in case of blood incompatibility, 


maternal isoimmunization will be easily avoided with 
:Rhogam immune globulin injection. 


L. Zichella, MD 
R. Gramolini, MD 


Universita “La Sapienza” 
Policlinico Umberto I 
Viale del Policlinico 
00161 Rome, Italy 


Sacrospinous ligament fixation 


.To the Editors: 


We read with great interest the article by Drs. George 
W. Morley and John O. L. DeLancey (Sacrospinous 
ligament fixation for eversion. of the vagina. AM J OB- 
STET GYNECOL 1988;158:872-81). 

We think the modification described represents an 
improvement and a simplification of the operative tech- 
nique. On the basis of our limited experience of 31 
cases, we make the following observation: in Fig. 1, 


‘there is.a generous circumcision of the vaginal apex. 
We. think this circumcision sacrifices a considerable 
- amount of vaginal skin that might later complicate the 


approximation of the newly formed vaginal apex to the 


. Sacrospinous ligament. We believe that as much as pos- 


sible of the vaginal skin should be preserved. 

We perform a longitudinal incision on the vaginal 
apex, which provides a very good exposure of the peri- 
toneal sac and underlying structures. In most of our 
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cases we do not make any resection of the vaginal skin 
to avoid a narrowing of the vaginal canal. 
Jaime A. Cabrera, MD 
S. J. Szekely, MD 
‘Clinica San Juan Bosco 
Calle 170 No. 8 - 60 
Bogota, Colombia 


CA 125 in peritoneal fluid 
To the Editors: 

In the report by Dawood et al. (Dawood MY, Khan- 
Dawood FS, Ramos J. Plasma and peritoneal fluid levels 
of CA 125 in women with endometriosis. AM J OBSTET 
GYNECOL 1988;159:1526-31), the authors state that 
levels of CA 125 in peritoneal fluid, as measured by the 
Centocor assay, are 2 to 9.3 times higher than the cor- 
responding plasma levels in patients with endometri- 
osis. We first reported the same apparent elevations in 
peritoneal fluid.' However, we have shown that the sub- 
stance in peritoneal fluid that is measured as CA 125 
by the Centocor assay does not display parallelism. With 
dilution of the peritoneal fluid there was no dilution of 
the amount of measured CA 125 until a dilution of 
1:100 was used. Thus this interference precludes any 
valid measurement of CA 125 in peritoneal fluid. 

f R. Stan Williams, MD 
Department of Obstetrics and Gynecology 
J. Hillis Miller Medical Center 
Box J294 
Gainesville, FL 32610 
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Reply 
To the Editors: 

We thank Dr. Williams for drawing our attention to 
his observations on the measurement of peritoneal fluid 
CA 125, but we have not been able to confirm his 
observations in our laboratory. 

_M. Yusoff Dawood, MD 
Firyal S. Khan-Dawood, PhD 
Josefina Ramos, MD 
Division of Reproductive Endocrinology 
Department of Obstetrics, Gynecology, and Reproductive 
Sciences . 
University of Texas Medical School at Houston 
6431 Fannin, Suite 3.204 
Houston, TX 77030 


Anaphylaxis and cefotetan 
To the Editors: 

Because of the rapid proliferation of antibiotic 
agents, especially cephalosporins, there has been a con- 
‘comitant increase in the number of published reports 
advocating their usage for both prophylaxis and treat- 
ment of obstetric and gynecologic infections. However, 
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the proper indication for their usage is often obscured, 
and risk-benefit ratios are usually ignored. It was re- 
freshing to see the report of the potential risks of an- 
tibiotic usage, and the JOURNAL, as well as Dr. Bloom- 
berg, should be applauded (Bloomberg RJ. Cefotetan- 
induced anaphylaxis. AM J OBSTET GYNECOL 1988; 
159:125-6). 

Although Dr. Bloomberg correctly attempted to find 
a manufacturing or methodologic variance for the ana- 
phylactic reactions but did not, his retrospective inves- 
tigation does not adequately support his conclusion. In 
his review cefotetan was used much more frequently 


‘than any other antibiotic agent and thus was more likely 


to result in an adverse reaction if one was to occur. No 
significant difference was found by statistical analysis 
between the anaphylactic reactions in the cefotetan 
group and those with any other agent described in his 


- report. 


In an ongoing, randomized, prospective study of ce- 
sarean section prophylaxis in 2500 patients currently 
in progress at our institution, approximately 130 pa- 
tients have received 1 gm of cefotetan administered 
intravenously over 3 to 5 minutes without any anaphy- 
lactic reactions. No such reactions have occurred in any 
of the other nine arms of the study, presently encom- 
passing an additional 1200 patients. Our 0% anaphy- 
laxis rate in 130 patients also is not statistically different 
from Dr. Bloomberg’s 1.47% rate. In addition, the an- 
tibiotics in his review were not randomized, and in- 
herent bias may be related to patient selection. For ex- 
ample, was'the advanced generation cephalosporin 
used in place of cefazolin or ampicillin in a more se- 
riously ill patient or in a patient with penicillin allergy, 
respectively? 

In fact, analysis of the second and third cases re- 
ported by Dr. Bloomberg reveals the administration of 
prophylactic antibiotics to a patient undergoing a re- 
peat cesarean section and one having a transabdominal 
hysterectomy. The current literature does not support 
use of antibiotics in such instances.'? 

In summary, Dr. Bloomberg’s article is a timely re- 
port of the potential risks of antibiotic prophylaxis that 
highlights the necessity for adherence to established 
criteria for patient selection. However, cefotetan has 
been unfairly singled out on the bsais of the limited 
uncontrolled data presented, and Dr. Bloomberg’s final 
comment on caution in the use of prophylactic agents 
should apply to all of them. 

Sebastian Faro, MD, PhD 
Mark G. Martens, MD 
Department of Obstetrics and Gynecology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 


Warnings in use of cefotetan 
To the Editors: 

The recent article by Bloomberg (Bloomberg RJ. 
Cefotetan-induced anaphylaxis. AM J OBSTET GYNE- 





 Cefotan (cefotetan disodium) “. 
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COL 1988;159:125-6) contains ‘several inaccuracies. Dr... 
Bloomberg notes that. the prescribing information. for’ 


cidence of ‘minor hypersensitivity reactions, but made: 


no mention of the risk of anaphylaxis.” The prescribing’ , 
information actually states: “Hypersensitivity reactions - 


were reported in 1.2% of patients and included rash, 


(1 in 150) and itching (1 in 700).” The word “minor” ` 
was added by Dr. Bloomberg and incorrectly implies , 
an intention of the manufacturer to trivialize these ocy | 


currences. 


The phrase “but made no mentiön of the risk of: 


anaphylaxis” is also incorrect and further suggests an 
intention to minimize such risks. The first paragraph 
of the Warnings section of the prescribing information,- 


printed in a bold type, states:.“Before therapy with | 


Cefotan is instituted, careful inquiry should bé. made 


to determine whether the patient has had previous hy: 


persensitivity reactions to cefotetan disodium, -cepha- 
losporins, penicillins, or other drugs.’ This product 
should be given cautiously to penicillin-sensitive pa- 
tients. As noted above, we do not dispute:that Cefotan,. 


„in common with all B-lactam antibiotics, can induce 


anaphylaxis in susceptible individuals. Dr. Bloom- 
berg, however, failed to provide details on the vari- 
ous other preoperative and intraopérative medica- 


tions received by his: patients, and therefore the con- ` 


clusion that all three cases were “cefotetan-induced” 
cannot be made by the facts presented. Although 
we have received other reports of anaphylaxis, they 
have been infrequent and scattered, and we have 
not seen any unusual clustering as reported by Dr. 
Bloomberg. 


Clinical and Medical Affairs 
Stuart Pharmaceuticals 


Division of ICI Americas Inc. 


Wilmington, DE 19897. 


Reply 
To the Editors: 


_ lappreciate the comments of Drs. Faro and Martens i 
and will look forward to publication of their: cesarean, 


section prophylaxis study. 


On the basis of known limitations inherent i in such: 


an uncontrolled, retrospective study, I elected to ex- 


clude statistical analysis and simply submit for infor- 


mation the key issue of unexpected and unreported 


anaphylaxis in three otherwise healthy patients with nó- ` 
known history of drug hypersensitivity, who received | - 
cefotetan. as surgical prophylaxis at ‘transabdominal: a 


hysterectomy and cesarean section. 
Contrary to the claim made by Drs. Faro and Martens, 


cefotetan was not used more frequeritly but rather ac- ` 
counted for only 21% of antibiotic doses employed as‘ 


prophylaxis in transabdominal hysterectomy and cesar- 
ean section as was detailed in our study. Our statistical 
analysis, which had prompted further review at the out- 
set, clearly associated the low but significant risk of ana: 


phylaxis with selection of cefotetan when an antibiotic, 


. indicated-a 1.2% in- ^., 


Robert M. Pocelinko, MD 
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` was used” for maei Stopky in these settings 


(p = 0:02247 by two- tailed Fisher exact test’). We were 
unable to document-any. other distinguishing features 


_.of cliniĉal presentation, acuity, perioperative medica- 


tions, or, history of hypersensitivity that would serve to 


prospectively identify patients at risk for anaphylaxis. 


- The Warnings section to which Dr. Pocelinko makes 


reference is mandated by the Food and Drug Admin- 
- istration for all parenteral cephalosporin agents in a 


generic manner. It implies that a history of hypersen- 
sitivity phenomena will identify patients at risk for such 
reactions to cephalosporin agents, including cefotetan. 
Our intention’ was to.emphasize the potential for un- 
expected anaphylactic reactions in the absence of such 


. history. The prescribing information that accompanies 


most other cephalosporin derivatives (cefazolin, cefa- 
mandole, cefoxitin, cefonicid, ceftazidime) specifically 
itemizes the potential for anaphylaxis among those ad- 
verse reactions that may be encountered. The Adverse . 


_ Reactions section of cefotetan’s prescribing information 


currently fails to provide any indication of this risk. It 


. would be, to everyone’s advantage to have this infor- 


mation included and allow prospective controlled trials 
to determine its comparative efficacy and safety in sur- 


gar popan 


Robert J. Bloomberg, MD, PhD 
Medical Staff Serviti Office — 
Desert Samaritan Hospital 


` _ 1400 S: Dobson Road 
.. Mesa, AZ 85202 
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Efficacy of management of isoimmunization with 
_fetal umbilical blood sampling remains unproved 


-To the Editors: 


Fetal umbilical blood sampling is a definite advance 


- in the management of certain pregnancy complications. 
- Unfortunately, as with many new technologies it is pro- 


posed as the best thing since sliced bread. The article 


` by Reece et al. (Reece EA, Copel JA, Scioscia AL, et al. 


Diagnostic fetal umbilical blood sampling in the man- 


` agement of isoimmunization 1988;159:1057-62) pro- 


vides little new data and certainly does not prove the 
efficacy of their management protocol. We believe the 


- reviewers of the article are at fault for allowing the use 
.of such convoluted statements and conclusions. 


Obviously, direct fetal blood sampling allows the as- 
certainment of fetal blood type and antibody status. 
Therefore it is impossible to argue with their statement 


`» that the use of “such management would be expected 


to reduce the need for multiple invasive procedures in 


. fetuses at little risk for disease and provide specific 


information about the status of those fetuses truly at 
risk.” Unfortunately, the procedure itself is fairly risky 
and the data they present certainly do not prove their 
management scheme is better than classical manage- 
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ment. Because they stated that of the 19 tested preg- 
nancies they had four intrauterine fetal deaths, we tend 
to doubt whether such proof of efficacy would, in fact, 
be forthcoming. Until they provide a prospective ran- 
domized evaluation of traditional management versus 
their new management protocol, we do not believe their 
suggestions should be accepted without severe reser- 
vations. 

The authors also tend to use selective referencing to 
prove their point. Specifically, they gave an estimated 
pregnancy loss rate of 0.5% for amniocentesis, whereas 
most large centers now performing the procedure un- 
der ultrasonographic guidance think in terms of a pro- 
cedural loss rate of 1:500. They then go on to say 
how the reported pregnancy loss rate from percuta- 
neous umbilical blood sampling is approximately 1%, 
apparently discounting the 2 of 13 losses experienced 
in their own program. In fact, their results section is 
so confusing we could not readily identify whether 
there were two or four intrauterine fetal deaths. Some 
of their other data must also be questioned as they 
describe an intraperitoneal transfusion loss rate of be- 
tween 5% to 8%. Others have reported no mortality 
from intraperitoneal transfusions performed in non- 
hydropic fetuses.' 

At present we do not even know the predictability of 
fetal hematocrit testing in isoimmunization (i.e., how 
fast will a “normal” fetal hematocrit decrease in the 
sensitized fetus?). In addition, we do not have enough 
published data on the long-term complications of such 
invasive fetal sampling. Also, the authors do not men- 


tion prior pregnancy history as part of their manage- 


ment. Although the efficacy of direct umbilical blood 
transfusion appears to be beneficial for hydropic in- 
fants, other uses for such blood sampling are still in a 
formative stage. We do not believe the authors have 
proved such a benefit will be derived from their pro- 
posed new management scheme. 

T. Clifford Deveny, MD 

Roger R. Lenke, MD 

Department of Obstetrics and Gynecology 
Medical College of Ohio 
C.S. 10008 
Toledo, OH 43699 
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Reply to Weiner (1989;161:1091-2) 


To the Editors: 

I really appreciate the interest of Dr. Carl P. Weiner 
(Weiner CP. Thrombocytopenia and cordocentesis clar- 
ification requested [Letter]. AM J OBSTET GYNECOL 
1989;161:1091-2) in our article concerning the man- 
agement of fetal bleeding disorders with fetal blood 
sampling. I am sorry to disagree with his opinion with 
regard to the risks of thrombocytopenic fetuses in case 
of autoimmune thrombocytopenia. 

In the literature the rate of severe complications (in- 
cluding in utero and neonatal deaths) ranges from 2.5% 
to 17%.'” These references were not included in the 
article because we were asked to reduce our original 
manuscript significantly, which required us to delete 
the references. 

In my opinion the rate of fetal and neonatal com- 
plications in this disease is usually underestimated. 
Most of the published series include patients with mild 
thrombocytopenia that appeared during pregnancy as 
a result of causes other than autoimmune thrombo- 
cytopenia. These pregnancies have an extremely low 
percentage of thrombocytopenic fetuses, as compared- 
with real autoimmune thrombocytopenia. 

Fernand Daffos, MD 
Department of Fetal Medicine . 
Institut de Puericulture de Paris 
26 Boulevard Brune 
Paris, France 75014 
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Roster of American obstetric and gynecologic societies* 


(Appears annually in the January issue) 


American Board of Obstetrics and Gynecology, Inc. 
(1930) President, Daniel R. Mishell, Jr. Executive 
Director, James A. Merrill, 4225 Roosevelt Way, 
N.E., Suite 305, Seattle, WA 98105. Oral ex- 
amination, Dec. 3-7, 1990. 


American Gynecological and Obstetrical Society. Pres- 
ident, Henry A. Thiede, Secretary, James R. 
Scott, Department of Obstetrics and Gynecol- 
ogy, University of Utah, 50 N. Medical Dr., 
Salt Lake City, UT 84132. Meeting, Sept. 6-8, 
1990. 


Central Association of Obstetricians and Gynecolo- 
gists. (1929) President, L. Russell Malinak. Sec- 
retary, William R. Anderson, 421 W. First St., 
Bloomington, IN 47401. Meeting, Oct. 11-13, 
1990. . 


Pacific Coast Obstetrical and Gynecological Society. 
(1931) President, James M. Maharry. Secretary, 
Walter S. Kiefer, P.O. Box 55249, Seattle, WA 
98955. Meeting, September 9-14, 1990. 


American College of Obstetricians and Gynecologists. 
(1951) President, George D. Malkasian, Jr. Sec- 
retary, Mary Jo O’Sullivan, 409 12th St., S.W., 
Washington, DC 20024-2188. Meeting, May 6- 
10, 1990. 


American Society for Psychosometric Obstetrics and 
Gynecology. (1971) President, Donna Stewart. 
Secretary, Gail Robinson, Toronto General 
Hospital, 200 Elizabeth St., Toronto, Ontario, 
Canada M5G 2C4. Meeting, March 28-April 
1, 1990. ; 


*Changes, omissions, and corrections must be received by 
the publisher two months in advance (by November 1) for the 
Roster. Please address the Journal Editing Department, The 
C.V. Mosby Company, 11830 Westline Industrial Drive, 
St. Louis, Missouri 63146-3318. The number after the society’s 
name is the year of founding. For further information, address 
the respective secretaries. 


Society for Gynecologic Investigation. President, Carl 
J. Pauerstein, Secretary, Rogerio A. Lobo, 
Department of Obstetrics and Gynecology, 
Ubmen’s Hospital, Room 1M2, LAC/USC 
Medical Center, 1240 N. Mission Road, 
Los Angeles, CA 90033. Meeting, March 21- 
24, 1990. 


Society of Perinatal Obstetricians. President, Richard 
H. Paul. Secretary, Garland D. Anderson, Uni- 
versity of Texas, Department of Obstetrics and 
Gynecology, Galveston, TX 77550. Meeting, 
Jan. 25-27, 1990. 


South Atlantic Association of Obstetricians and Gy- 
necologists. (1938) President, Allan G. W. 
McLeod. Secretary, E. O. Horger III, Depart- 
ment of Obstetrics and Gynecology, Medical 

. University of South Carolina, 171 Ashley Ave., 
Charleston, SC 29425. Meeting, Jan. 28-31, 
1990. 


Brooklyn Gynecological Society, Inc. President, Gwen 
Gentile. Secretary, Earl F. Greenwald, Director 
of Obstetrics and Gynecology, Staten Island 
Hospital, 475 Seaview Ave., Staten Island, NY 
10305. Meetings, third Wednesday Oct.-May. 


Buffalo Gynecologic and Obstetric Society. (1945) 


Chicago Gynecological Society. President, Mario Or- 
iatti. Secretary, Allan G. Charles, 30 N. Michi- 
gan Ave., Chicago, IL 60602. Meetings, third 
Friday of Jan.-June, Oct., and Nov. 


Cleveland Society of Obstetricians and Gynecologists. 
President, Michael T. Gyves. Secretary, Alex- 
ander W. Kennedy, One Clinic Center, 
9500 Euclid Ave., Cleveland, OH 44195-5037. 
Meetings, Jan. 17, Feb. 14, March 14, and May 
16, 1990. 
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Columbus Obstetric and Gynecologic Society. (1945) 
President, Richard O’Shaughnessy. Secretary, 
Jeffrey Bell, 3555 Olentangy River Road, Co- 
lumbus, OH 43214. Meetings, fourth Wednes- 
day Sept.-June. 


Greater Hartford Obstetrical and Gynecological So- 
ciety, Inc. President, Esmail K. Faiaz. Secretary, 
David J. Nochimson, University of Connecti- 
cut Health Center, C2165; Farmington, CT 
06032. Meetings, Jan. 9, April 10, and Sept. 
11, 1990. 


Infectious Disease Society for Obstetrics and Gyne- 
cology. (1973) 


Louisville Obstetrical and Gynecological Society. 


Memphis and Shelby County Obstetrical and Gyne- 
cologic Society. President, Herbert A. Taylor. 
Secretary, Michael S. Bronstein, 6425 Stage 
Road, Suite 1, Memphis, TN 38134. Meetings, 
called. 


Miami Obstetrical and Gynecological Society. (1946) 


Milwaukee Gynecological Society. (1951) President, 
Gloria Halverson. Executive Secretary, Robert 
Herzog, 850 Elm Grove Road, Elm Grove, WI 
53122. Meetings, Feb. 12, March 12, April 2, 
Oct. 2, and Nov. 6, 1990. 


Nassau Obstetrical and Gynecological Society, Inc. 
President, Jerome S. Levitan. Secretary, Stuart 
Bednoff, 560 Northern Blvd., Great Neck, NY 
11021. 


January 1990 
Am J Obstet Gynecol 


New Haven Obstetrical Society. President, Virginia 
Steurmer. Secretary, Howard Simon, 687 Main 
St., Branford, CT 06405. 


New Jersey Obstetrical and. Gynecological Society. 
(1947) 


New York Gynecological Society, Inc. President, Ger- 
son Weiss. Secretary, Joseph A. Barresi, 130 W. 
11 St., New York, NY 10011. Meetings, Jan. 
24, March 28, May 23, and Oct. 24, 1990. 


Northeastern Obstetrical and Gynecological Society. 
President, W. Bruce Clark. Secretary, Robert H. 
Dropkin, Executive Park East, Albany, NY 
12203. Meeting, Jan. 18, 1990. 


Obstetrical Society of Boston. 


Pittsburgh Obstetrical and Gynecological Society. 
(1935) 7 


San Francisco Gynecological Society. (1929) President 
Gordon Peacock. Secretary, Gerald Shefren, 
1101 Welch Road, Palo Alto, CA 94304. Meet- 
ings, Jan. 9, Feb. 13, March 13, April 10, and 
May 15, 1990. 


Texas Association of Obstetricians and Gynecolo- 
gists. (1931) 


Wisconsin Society of Obstetrics and Gynecology. 


BOOKS 





Books received 


Adrenal Androgens in Clinical Medicine. Lawrence 
N. Parker, 613 pages, illustrated. San Diego, 
1989, Academic Press. $135.00. 

AIDS and Obstetrics and Gynaecology. Edited by 
C. N. Hudson and F. Sharp. 352 pages, il- 
lustrated. New York, 1989, Springer-Verlag. 
$102.00. 

Behavior of the Fetus. Edited by William P. Smoth- 
erman and Scott R. Robinson. 231 pages, il- 
lustrated. London, 1989, Telford. $45.00. 

Benign Disorders and Diseases of the Breast. L. E. 
Hughes, R. E. Mansel, and D. J. T. Webster. 
212 pages, illustrated. Philadelphia, 1989, The 
Curtis Center. $85.00. 

Cancer Surveys: Advances & Prospects in Clinical, 
Epidemiological and Laboratory Oncology. 
Prospects for Primary and Secondary Pre- 
vention of Cervix Cancer. Vol. 7, No. 3. 
G. Knox and C. Woodman. 549 pages, il- 
lustrated. Oxford, 1988, Oxford University 
Press. $30.00 (single issue). 

Chronic Disorders and the Family. Froma Walsh and 
Carol Anderson. Binghamton, New York, 
1989, The Haworth Press, Inc. $24.95 (hard 
cover). $12.95 (soft cover). 

Contraception: Science and Practice. Marcus Filshie 
and John Guillebaud. 321 pages, illustrated. 
Stoneham, Massachusetts, 1989, Butterworth 
Publishers. No price listed. 

Diagnostic and Operative Hysteroscopy: A Text and 
Atlas. 245 pages, illustrated. Chicago, 1989, 
Year Book Medical Publishers. No price listed. 

Embryos, Ethics, and Women’s Rights: Exploring 
the New Reproductive Technologies. Elaine 
H. Baruch, Amadeo F. D’Adamo, Jr., and 
J. Seager. 259 pages. New York, 1988, The 
Haworth Press, Inc. $34.95. 

Government Policy and Women’s Health Care: The 
Swedish Alternative. G. Westlander and J. M. 
Stellman. 180 pages, illustrated. New York, 
1988, The Haworth Press, Inc.'’$34.95. 

Human Embryos. The Debate on Assisted Reproduc- 
tion. C. R. Austin. 163 pages, illustrated. New 
York, 1989, Oxford University Press, Inc. 
$15.95. 

Lasers in General Surgery. Stephen N. Joffee. 319 
pages, illustrated. Baltimore, 1989, Williams 
& Wilkins. $65.00. 


` Manual of Gynecologic Oncology. Enrique Hernan- 


dez and Neil B. Rosenshein. 184 pages, illus- 
trated. New York, 1989, Churchill Livingstone 
Inc. $24.95. 

Medical Disorders in Obstetric Patients. Michael De 
Swiet. 854 pages, illustrated. Oxford, 1989, 
Blackwell Scientific Publications. No price 
listed. 

Monitoring Children’s Health: Key Indicators. Sec- 
ond edition. C. Arden Miller, Amy Fine, and 
Sharon Adams-Taylor. 164 pages, illustrated. 
Washington, D.C, 1989, American Public 
Health Association. $15.00. 

Neurology of Pregnancy. James O. Donaldson. 347 

` pages, illustrated. London, 1989, W. B. Saun- 
ders Co. $70.00. 

Nutrition, Pregnancy, and Early Infancy. Myron Win- 
ick. 182 pages, illustrated. Baltimore, 1989, 
Williams & Wilkins. $41.95. 

Obstetrics and Gynecology. Second edition. William 
W. Beck, Jr. 433 pages, illustrated. Media, 
Pennsylvania, 1989, Harwal Publishing Co. No 
price listed. 

Oxford Reviews of Reproductive Biology. Edited by 
J. R. Clarke, 519 pages, illustrated. New York, 
1989, Oxford University Press, Inc. $98.00. 

Practical Handbook of Microbiology. Edited by Wil- 
liam O’Leary. 679 pages, illustrated. Boca Ra- 
ton, Florida, 1989, CRC Press, Inc. No price 
listed. 

Teratogenic Agents. Sixth edition. Thomas H. 
Shepard. 793 pages. Baltimore, 1989, The 
Johns Hopkins University Press. $62.50. 

The Midwife Challenge. Edited by Sheila Kitzinger. 
278 pages. London, 1989, Pandora Press. 
$13.95. 

The New Read-Aloud Handbook. Second edition. Jim 
Trelease. 282 pages. New York, 1989, Penguin 
Group. No price listed. 

The Politics of Breastfeeding. Gabrielle Palmer. 389 
pages. London, 1989, Pandora Press. $12.95. 

The Rights of Patients. The Basic ACLU Guide to 

' Patient Rights. Second edition. George J. An- 
nas. 312 pages. Carbondale, Illinois, 1989, 
Southern Illinois University Press. $8.95. 


301 


ITEMS 


Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C.V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146-3318. 


2nd Joint Meeting of the European Society of Human 


Reproduction and Embryology and the Eu- 
ropean Sterility Congress Organization, 
Milan, Italy, c/o Universita Statale, August 
29 to September 1, 1990. For further de- 
tails please contact: Centro Europeo Organiz- 
zazione Congressi-Bonsaglio, Via Borromei, 
1/A-20123 Milano, Italia. Tel.: (02) 807766- 
8051898. Telex: 333840 CB. Fax: (02) 
8051898. 


Multidisciplinary European Congress: Papillomavi- 


rus in Human Pathology and Recent Pro- 


' gresses in Epidermoid Pre-cancers, Hotel 


Pullman Saint-Jacques, Paris, France, March 
9-10, 1990. For further information contact: 
Dr. Bohbot, MFC Company, 10, rue de la Paix, 
75002 Paris, France. Tel.: (1) 45 65 30 03. 


Division of Neonatal Medicine, University of Cali- 
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fornia Irvine Medical Center, “The New De- 
cade: Neonatal/Perinatal Medicine.” Carib- 


bean Cruise Conference, November 3-10, - 


1990. For further information contact William 
Cvetnic, MD, or Terry Pliska, RN, Division of 
Neonatal Medicine, University of California 
Irvine Medical Center, P.O. Box 8119, Or- 
ange, CA 92664-8119. Tel.: (714) 634-6933. 


Postgraduate Course in Gynecologic and Obstetric 


Pathology with Clinical Correlation— 1990, 
April 9-13, 1990, Parker House Hotel, Boston, 
Massachusetts. Fee for course: $595.00 (resi- 
dents and fellows, $375.00). Address for fur- 
ther information: Department of Continuing 
Education, Harvard Medical School, 25 Shat- 
tuck St., Boston, MA 02115. 


2nd Annual Review Course in Obstetrics and Gynae- 


cology, May 1-5, 1990, Hilton International 
Toronto, Toronto, Ontario, Canada. AMA 
Category 1 credit hours. For further infor- 
mation contact: Continuing Education, Fac- 
ulty of Medicine, University of Toronto, Med- 
ical Sciences Building, Toronto, Ontario, Can- 
ada M5S 1A8. Tel.: (416) 978-2718. 


New! 


THERAPEUTIC HYSTEROSCOPY: 
Indications and Techniques 


Edited by Alvin M. Siegler, M.D.; Rafael F. Valle, M.D.,; 
Hans J. Lindemann, M.D.; and Luca Mencaglia, M.D. 
This new title gives you the precise "how-to" information 
you need to master accepted therapeutic applications of the 
hysteroscope. 
+ extensive illustrations (many in full color) demonstrate 
the hysteroscopic appearance of a problem as well as 
step-by-step techniques for diagnosis and treatment 
reviews instrumentation, accessories, and distending — 
media as well as maintenance of hysteroscopes 
covers abnormal uterine bleeding, infertility, steriliza- 
tion, and other conditions l 
March, 1990. Approx. 224 pages, 360 illustrations. (Book 
Code: 05504) About $89.00 (U.S.); $115.75 (Can.) 


New 2nd Edition! 


ZUSPAN AND QUILLIGAN’S MANUAL 
OF OBSTETRICS AND GYNECOLOGY 


Edited by Jay D. Iams, M.D.; Frederick P. Zuspan, M.D.; 

and Edward J. Quilligan, M.D.; with 27 contributors. 
Completely updated and revised, with a new outline 

format for easier access to information. 

* more specific pharmacologic information 

e new review questions and answers following each chap- . 
ter to reinforce key points and assist in Board-exam 
preparation 

° expanded coverage of breast feeding and contraception 


January, 1990. Approx. 400 pages, 105 illustrations. (Book 
Code: 05476) About $24.95 (U.S.); $32.50 (Can.) 


New! 


CLINICAL ATLAS OF 
GYNECOLOGY 


By J.L.H. Evers and M.J. Heineman 
Gain a sound, basic knowledge of the practice of gyne- 
cology with this full-color line art atlas. 


e short descriptions of clinical situations are accom- __ 
` panied by ample illustrations and a clinical comment 


° case histories are adapted from real-life situations, and 
include rarities as well as everyday clinical problems 


* includes photomicrographs, MRI, CT, and ultrasound 
images 

February, 1990. Approx. 192 pages, extensively illustrated. 

(Book Code: 05852) A Bunge publication. About $35.00 

(U.S.); $45.50 mn :) 


Save time! Call toll-free: 800-221-7700, ext. 15A, 
24 hours a day, 7 days a week 

In Canada, call collect: 416-298-2465 

FAX orders: 314-432-1380, Attn: Direct Marketing 

Please mention this number when calling: MSA-427-031 
For Customer Service: 800-633-6699 


Monday-Friday, 7AM -7PM, Central Time mM Mosby 
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SA2 * 416-298-2465 ` 
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e Chicago e 


High- Risk Obstetrics, March 29 — 31, 1990 

Authoritative updates in clinical areas that affect your practice, including 
intrapartum fetal assessment, ultrasound, hypertensive disorders in pregnancy, 
IUGR, ‘genetic update, obstetrical catastrophies, current controversies, and much 
more. *“My compliments o on an excellent course!” 22 AMA Category 1, 

Credit Hours, 


Specialty Review in Obstetrics and Gynecology, April 29 - — May 5, 1990 ~ : ; . a 
A.comprehensive, up-to-date review, including important clinical eritities, ` : Moe Than Halt a Centis 
coverage of difficult problems, and current controversies. Includes an optional a 

microscopic pathology review session. The program is presented by an ` - For further information, call 
outstanding faculty chosen for teaching skills as well as clinical knowledge. _ toll-free anytime 
Recommended as a periodic review for the experienced practitioner. *“Thisismy _. 1- 800-621- 4651 
` second time ... . to take this course. It is still excellent.” **A great no-nonsense. _y write to usat- 
review.” 51 AMA Category 1 Credit Hours. ; ; 707 South Wood Street 


*Comments by participants of 1989 courses. f tr O Chicago, Ilinois 60612. 
The Cook Courity Graduate School of Medicirie is not affiliated with the County of Cook or any of its fete including Cook County "Hospital. ` 











The Sixth International Symposium 


-“The Fetus as a: Patient” j pos 


_ October 25-27, 1990 ‘ 7 
i Detroit, Michigan, USA: . ea : 2% oie As tg 
WAYNE STATE UNIVERSITY Robert J. Sokol, M.D., Symposium President : HUTZEL HOSPITAL 
SCHOOL OF MEDICINE ; - + Sponsored By THE DETROIT MEDICAL CENTER 
: f The Departmént of Obstetrics & Gynecology a : 


Wayne State University & Hutzel Hospital , 
Call for Papers 


This is the first United States offering of this symposium featuring intetnationally reknowned périnatologists. 
The three day meeting titled, The Fetus: High Tech or Low Tech, will focus on innovations that will affect 
the fetus in the 1990s. There will be an extensive exchange of new ideas between obstetrician/gynecologists, 

» pediatricians, neonatologists and related health care providers during these activities. Deadline for abstract ` 
submission i is June 30, 1990. Early registration fee i is $195.: 


Confirmed Guest Speakers 


D. Arduini, lealys J. Bang, Denmark; s Campbell, England;. Y. Chiba, Japan; A. Christie, Scotland; V. D'Addario, Italy; k Dalton, 
' England; J. Deutinger, Austria; G. DeVore, USA; J. Dudenhausen, W. Germany; A. Gardner, England; M. Golbus, USA; M. 

Hansmann, W. Germany; J. Hobbins, USA; W. Holzgreve, W. Germany; R. & P. Joupilla, Finland; A. Kurjak, Yugoslavia; K. 

Maeda, Japan; G. Mandruzzato, Italy; K. Marsal, Sweden; O. Miller, USA; H. Nakano, Japan; L. Platt, USA; M. Rosen, USA; 
na J. ‘Schenker, Israel; H. Takeda, Japan. L. Takeuchi, Japan; 1. Timor, USA; M. & S: Uzan, France; H. Vari Geijn, "Holland; J. 

Wladimiroff, Holland. 

Contact: Ivan E. Zador; Hutzel Hospital; Department of Obstétrics/GynetoloBy; 4707 St. Antoine, Detroit, MI 48201; USA; 

Telephone: (313) 745-7530; Fax: (313) 993-0689. 


' _ 20 credit hours, Category 1, AMA's Physician Recognition Award; Formal Learning Cognates, ACOG 
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Women & Infants Hospital and the Brown University Program in Medicine 
wish to announce the search for a qualified candidate to fill the position 
of Professor and Chairman of the Department of Obstetrics & Gynecology 
at Brown University and Obstetrician and Gynecolagist-in-Chief at 
Women & Infants Hospital. 


As the Chairman of a major academic department at Brown, the success- 
ful candidate is expected to plan, coordinate, manage and implement 
academic programs that foster the professional and scholarly growth of 
a multi-institutional department. The incumbent will have overall respon- 
sibility for faculty development and for medical students, post-graduate 
educational training program and residency programs. 


~ Women & Infants Hospital is the major teaching hospital for Brown's 
program in Obstetrics & Gynecology. it is the perinatal, tertiary care 
center for the Southeastern New England region, serving all of Rhode 
Island, Southeastern Massachusetts and portions of Connecticut. As 
Obstetrician & Gynecalogist-in-Chief at Women & Infants, the candidate 
will be responsible for the administrative and clinical leadership in the 
Department, the continued development of the clinical and academic 
programs in obstetrics and gynecology and the continued quality of 
those services. The Obstetrician & Gynecologist-in-Chief is a valued 
member of the administrative/medical executive team and reparts directly 
to the President and Chief Executive Officer. 


Applicants should have attained national and international stature in the 
field of Obstetrics and Gynecology, have had at least five years’ experi- 
ence working at an academic medical center in a position of senior and 
academic administration, and qualify for a full professorship. Proven 
ability in teaching, clinical care and research is essential. 


Women & Infants Hospital is an equal opportunity/affirmative action 
employer and actively solicits applications from minority and protected 
groups. 

Application including an updated curriculum vitae must be sent by Feb- 










GYNECOLOGIC 
ONCOLOGIST 


The Department of Obstetrics and Gynecol- 
ogy at the University of Massachusetts Med- 
ical Center is seeking a third gynecologic on- 
cologist. Applicants should be Board-eligible 
or certified in Obstetrics and Gynecology and 
Gynecologic Oncology, and also must be eli- 
gible for licensure in the State of Massachu- 
setts. The Department is active in clinical re- 
search. Many opportunities exist for collab- 
oration in basic research areas. Candidates 
should have an interest in medical student 
and resident education. Academic rank and 
salary will be based on experience. 
Interested candidates should send a cur- 
riculum vitae and letter to: 

Peter G. Rose, M.D., Chair 

Division of Gynecologic Oncology 

University of Massachusetts 

























ruary 28, 1990 to: 


William Oh, M.D., Chairman of Search Committee 
Women & infants Hospital 

101 Dudley Street 
Providence, RI 02905 


Medical Center 
55 Lake Avenue North 
Worcester, MA 01655 



















OBSTETRICIAN/GYNECOLOGIST 
Board Certified or Eligible 


Lutheran General is a 713-bed teaching hospital affiliated with 
the University of Chicago, Pritzker School of Medicine. We 
are currently recruiting a generalist to join our hospital based 
clinical faculty, and to share in patient care and educational 
responsibilities. We handle more than 5000 deliveries annually, 
and more than 1000 major gyn cases. Our Perinatal Center is 
the regional referral facility for a service area with more than 
12,000 births, and is part of the University of Chicago Perinatal 
Network. Our perinatal activities are supported by an active 
Genetics program, and a large NICU and Neonatology faculty. 
All faculty members have clinical appointments at Pritzker 
School of Medicine. 


In our 5-person clinical group practice, the care of ambulatory 
and hospitalized patients includes normal/complicated 
pregnancies, health maintenance, family planning, infertility, 
and general gynecology. The patient mix is private or managed 
care. Educational responsibilities include clinical teaching of 
Ob/Gyn, Family Practice, Surgical residents and students, and 
participation in didactic teaching, lectures and seminars. > 
Interest and experience in clinical research is valued. 





OB/GYN RESIDENCY 
OPENING 


Unexpected opening in fully accred- 
ited University program. Starting at 
PGY-2 level. Position available im- | 
mediately. Send application letter and 
curriculum vitae to: | 


H.W. Mendenhall, M.D. 
Professor and Chairman 
University of South Alabama 
College of Medicine 
Department of Ob/Gyn 

2451 Fillingim Street 
Mobile, Alabama 36517 
(205) 471-7943 





































Located in an attractive northwest suburb of Chicago, we offer 
competitive salary and benefits to match experience and 
qualifications. Please submit curriculum vitae to: John W. 
Grover, M.D., Chairman, Department of Obstetrics and 
Gynecology, or call 708/696-6994. Equal Opportunity Employer. 


® 


ae Lutheran Goneral Hospital 1775 W. Dempster St. 
Park Ridge Park Ridge, IL 60068 





The University of South Alabama is 
an equal opportunity employer. 







59A 


- SCHOOL OF MEDICINE 
UNIVERSITY OF MARYLAND AT BALTIMORE © 


. Seeks two additional faculty members: 
Director, Division of Maternal-Fetal Medicine 


and . 
Assistant Professor, Division of 
Maternal-Fetal Medicine 


Current strengths of the Division of Maternal-Fetal Med- 


icine include a multitude of research interests, a strong 
working relationship with the Genetics Division, an active 
clinical practice, strong financial base, impressive com- 


s putational resources, and. interested, aggressive resi- 
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dents actively involved in research projects. We are seek- 
ing two new Faculty members. The first, a'replacement 


for the current Director who is. stepping aside to devote -° 


more time to research, must be a Diplomate of the 
Division of Maternal-Fetal Medicine, have a strong re- 
search background and reputation, and possess ad- 
ministrative interests and skills. The second, at the entry 
level, must be an active candidate for the Maternal-Fetal 
Medicine. Oral Examination, and must have demon- 
strated research capabilities. 
The University of Maryland is an equal opportunity and 
affirmative action employer. Inquiries should be directed 
to: Carlyle Crenshaw, Jr., M.D. ; 

Professor and Chairman 

Department of Obstetrics and Gynecology 

University of Maryland Medical dll 

22 South Greene Street : 

Baltimore, Maryland 21201 

(301) 328-5966 


WAYNE HOSPITAL. 
OB/GYN 
PRIVATE PRACTICE OPPORTUNITY 


—-Wayne Hospital is seeking an OB/GYN physician who has interest : 


in establishing a partnership, association, or solo practice. 


~—~BENEFITS INCLUDE: Substantial income guaranteed, malpractice 
insurance, office space and health insurance, unlimited earning 
potential, and other considerations offered. 


——Wayne Hospital, a full service, acute care hospital, offering the - 


latest in the state-of-the-art equipment; with a service area popu- 
lation of 55,000, is seeking a BE/BC OB/GYN. 


~~Wayne Hospital maintains a recently remodeled obstetrical unit, 
comprised of the traditional L&D and the latest in LDRP. Cesa- 
rean sections are performed on the labor and delivery unit with 
a dedicated nursing staff cross-trained to scrub. Excellent clinical 
and diagnostic support services are provided inclusive of pedi- 
atric back-up and anesthesiology coverage. Supportive and cohe- 
sive Medical Staff assures excellent referral network. 


-Wayne Hospital is located in Greenville, Ohio, which is ideally 
located for those who prefer living outside of the hustle and 


bustle of city life, yet still enjoy what metropolitan areas have ` 


to offer. Greenville is located only 35 miles from Dayton, 75 
miles from Cincinnati, 93 miles from Columbus and $0 miles 
from Indianapolis. 


~—A motto of “Progress on Purpose” reflects the community com- 
mitment to quality education, cultural advancement, a growing 
population and a strong economy. 


All interested candidates meeting the above criteria are encouraged 
to apply by forwarding their Curriculum Vitae in confidence to:. 


R. E. Laughlin, C.E.0. 
Wayne Hospital 

835 Sweitzer Street 
Greenville, Ohio 45331 ` 
513/548-1141 





OBSTETRICAN/ 
GYNECOLOGIST 


Texas Tech University Health Sciences 
Center at El Paso is currently recruiting 


` for a full-time board certified or eligible 


OB/GYN Generalist to serve the commu- . 
nity and hospital with a population of ap- 
proximately 500, 000. 


The El Paso campus is a fully accredited 
program with 12 resident positions and 
40 medical students. Located in far west 
Texas, we are located 120 miles from 
New Mexico skiing and mountain resorts 


= and immediately adjacent to old Mexico. 
` We offer an attractive and complete com- 


pensation package. to the interested and 
qualified Obstetrician/Gynecologist. 


` Please. send CV to: 


Joseph Sakakini, M.D., Chairman - 
Texas Tech University HSC- 
OB/GYN Department 

4800 Alberta 

El Paso, TX 79905 

(915) 545-6710 





Obstetrics and Gynecology 
Maternal/Fetal Medicine Specialist 
The Western Pennsylvania Hospital is seeking a 


` second BC/BE specialist i in Maternal/Fetal Medicine . 
. to joina rapidly growing division of Maternal/Fetal 


Medicine in a 550.bed tertiary care center. This is. 
a unique opportunity in that major teaching, clinical 
and research opportunities are available in this 
university affiliated center. A fully accredited inde- 


pendent Ob/Gyn Residency training program is in 


place. This-is a level III tertiary care center with a 


` 30 bed neonatal intensive care unit. The Maternal/ 


Fetal Medicine service accepts high risk maternal 
transports from throughout the tri-state area. A 
full range of genetic services are also performed 
at the institution, including chorionic villi sampling, 
amniocentesis, and genetic counseling. A research 
building is currently being built, and opportunities 


-are available for both basic and clinical research. 
- This position offers a state of the art practice.op- 


portunity, an attractive compensation package, 
and the chance for one to be creative. Send your 
CV to: 


Mark Caine, M.D. 

Director, Maternal/Fetal Medicine 
Department of Obstetrics and Gynecology 
West Penn Hospital 

4800 Friendship Avenue 

Pittsburgh, PA 15224 











The Department of Obstetrics/Gynecology at the 
University of Missouri-Kansas City School of Med- 
icine is seeking a board certified or active candidate 
in obstetrics/gynecology to function as a faculty 
member. Responsibilities will be split between ter- 
tiary level Truman Medical Center-West and Tru- 
man Medical Center-East, a Family Practice Resi- 
dency training hospital. He or she will participate 
in patient care, education of residents and medical 
students, and clinical research. Compensation and 
academic rank are competitive and contingent 
upon experience. 


Please call or send curriculum vitae to: 


James Youngblood, M.D. 

Chairman Department of Obstetrics/Gynecology 
` Truman Medical Center 

2301 Holmes 

Kansas City, MO 64108 

(816) 556-3454 


or 


Bennett Walstatter, M.D., Chief, OB/GYN Services 
Truman Medical Center-East 

7900 Lee’s Summit Road 

Kansas City, MO 64139 

(816) 373-6228 




















University of Florida 
College of Medicine 








pees 


The 15th Annual Update 
in Obstetrics and Gynecology 
and Advanced Pelvic Endoscopy 





Disney’s Contemporary Resort 
Orlando, Florida 
March 28 - April 1, 1990 


For further information and registration contact: 
The Office of Continuing Medical Education 
University of Florida 
College of Medicine 
Box J-233, JHMHC 
Gainesville, FL 32610 
(904) 392-3143 


ACOG and AMA Accredited 














REPRODUCTIVE HEALTH/WOMEN’S HEALTH: Posi- 
tion available Fall 1990 for a tenure ladder faculty 
member with joint appointment in the Division of 
Population & Family Health, Department of Commu- 
nity Health Sciences, Schoo! of Public Health, and 
the Department of Obstetrics and Gynecology, School 
of Medicine, University of California, Los Angeles. 
Board certification or equivalent in OB-GYN and public 
health training/experience in women’s ang reproduc- 
tive health are required. Experience as a public health 
practitioner/teacher and demonstrated research abil- 
ity are necessary. Responsibilities: teaching in repro- 
ductive, women’s, and sexual health including peri- 
natal health care and/or family planning principles, 
programs, and policies; research in these or related 
areas. Academic rank is commensurate with experi- 
ence and qualifications. Send curriculum vitae to: Dr. 
Carol S. Aneshensel, Search Committee Chair, Divi- 
sion of Population and Family Health. School of Public 
Health. University of California at-Los Angeles, 
California 90024-1772, Applications deadline: Feb- 
ruary 28, 1990. The University of California is an 
Affirmative Action/Equal Opportunity employer and 
welcomes applications from qualified women and 
minority candidates. Under federal law, the University 
of California may employ only individuals who are 
legally authorized to work in the United States as 
established by providing documents specified in the 
Immigration Reform and Control Act of 1986. 



















































UNIVERSITY OF ILLINOIS 
| AT CHICAGO 
ASSISTANT/ASSOCIATE 
PROFESSOR POSITIONS 


The Department of Obstetrics and Gynecology is re- 
cruiting a Board eligible/certified general Obstetrician- 
Gynecologist. This position involved patient care, 
teaching students and residents and opportunities for 
research. 

Faculty position also available for Board eligible / certi- 


fied Oncologist. Position involves patient care, teaching 
medical students, residents and fellows, as well as re- 


search opportunities to advance information base of 
the specialty. 


Excellent benefits are offered including liability cover- 
age, medical and dental coverage, and vacation and 
sick leave. Academic salary and rank will depend on 
creditials. 
Send C.V. to: 
Antonio Scommegna, M.D. 
Professor and Head 
Department of Obstetrics and Gynecology 
University of Illinois College of Medicine 
840 South Wood Street 
Chicago, Illinois 60612 


An affirmative action/equal opportunity employer 
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_ Fetal Medicine in the Department of Obstet- — 
rics and. Gynecology at the University of . - 


CHIEF OF MATERNAL - 
FETAL MEDICINE 
UNIVERSITY OF TEXAS MEDICAL 

BRANCH AT GALVESTON | 


Faculty position in the Division of Maternal- 2 


Texas Medical Branch at Galveston: A highly 


_ qualified ‘individual is sought to become the - 


Chief of the Maternal Fetal Medicine Division. 


` Successful candidates should be board cer- 


_ demic rank is commensurate with qualifica- _ 


62A 


tified or eligible in maternal fetal medicine. 
They should have a proven record of research 
and commitment to an academic career. Aca- 


tion and experience. Interested candidates 
please send curriculum vitae to Garland D. 


Anderson, M.D., Professor and Chairman, ` 


Department of Obstetrics. and. Gynécology, 
University of Texas Medical Branch at Gal- 
veston, Galveston, Texas 77550. 

UTMB is an equal opportunity M/F/H/V Affir- 
mative Action employer. ~ 


UTMB hires only individuals authorized to .. 


work in the United States. 


State Universityof New York = 
Health Science Center 
MATERNAL-FETAL MEDICINE 
; SUBSPECIALIST 
ASSISTANT PROFESSOR/ 
ASSOCIATE PROFESSOR 


The Department of Obstetrics and Gynecology of the SUNY i 


Healty Science Center at Syracuse is actively recruiting a 


FOURTH full-time al for its Division of Maternal- = 


Fetal Medicine. 
The teaching hospital serves as the only Tertiary Care Center 
for the Regional Perinatal Program encompassing the 15 coun- 
ties of Central New York with a population of 2.3 million. 
Excellent opportunity to participate in teaching and collaborate 
in ongoing research in-clinical Perinatology, Ultrasound, and 
Prenatal Diagnosis. 
TOP SALARY, ATTRACTIVE BENEFITS PACKAGE, AND PRO- 
TECTED RESEARCH TIME. 
Board eligibility/certification in- Maternal- Fetal Medicine is re- 
quired. i 
Interested candidates should send ei vitae to: : 
‘Shiraz Sunderji, M.D. — Director 
. Division of Maternal-Fetal Medicine - 
SUNY Health Science Center at Syracuse ` 
Perinatal Center 
725 Irving Avenue, Suite 115 
Syracuse, NY 13210 
(315) 470-7196 
SUNY Health Science Center is an equal opportunity, affirmative action dase, 


INDIANA 


WISCONSIN 
: MICHIGAN 


be College community in Central Michigan 


.©- Milwaukee with access to Medical _ - 
ee of Wisconsin | 


® Indiana—near ais of Lake Michigan 
and dunes: 


A variety of OB/GYN practi options 


‘Call or Write to Bob Strzelczyk at: 


Strelcheck & Associates, Inc. 
12724 N. Maplecrest Lane 

Mequon, Wisconsin 53092 
1-800-243-4353 


MATERNAL FETAL MEDICINE r 
UNIVERSITY OF TEXAS MEDICAL 
BRANCH AT GALVESTON 


Faculty position in the Division of Mater- 


nal-Fetal Medicine in the Department of 
Obstetrics and Gynecology at the Univer- 
sity of Texas Medical Branch at Galves- 
ton. Successful candidates should be = 
board certified or eligible in maternal fetal 
medicine. They should have a commit- 


“ment to an academic career. Academic 


rank is commensurate with qualification 
and experience. Interested candidates 
please send curriculum vitae to Garland 
D. Anderson, M.D., Professor and Chair- 
man, Department of Obstetrics and 
Gynecology, University of Texas Medical 
Branch at Galveston, Galveston, Texas 


77550. 


UTMB is an equal opportunity M/F/H/V 
Affirmative Action employer. — 

UTMB hires only individuals authorized . 
to work in the United States. 








SECOND AND THIRD YEAR 
RESIDENCY POSITIONS 
OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF ILLINOIS 
HOSPITAL 
‘CHICAGO, ILLINOIS 


Because of program expansion, two 
residency positions in Obstetrics and 
Gynecology at the second and third 
year levels are available July 1, 1990. 
Program is fully accredited. For further 
information, contact: 


Antonio Scommegna, M.D. 
Professor and Head 
Department of Obstetrics and 
Gynecology 
University of Illinois College 
of Medicine 
840 S. Wood Street (M/C 808) 

' Chicago, IL 60612 


An affirmative action/equal opportu- 
nity empoyer. 


The Southeast 
Permanente 
. Medical Group, Inc. 


5 theast Permanente Medical Group, Inc. is on gest multi- 
specialty group practices in the region. Our physician-owned/managed 
multi-specialty group provides medical care to members of the Kaiser 
Permanente Medical Program. Due to our growth in membership, we 
are currently seeking a BC/BE OB/GYN to join our physician team. 


As a physician member of our medical group, you will enjoy professional 
flexibility and enrichment without the burdens of managing a private prac- 
tice. In addition to top compensation, we offer a full competitive benefits 
package which includes paid professional liability. 


Located in Atlanta, GA, you will enjoy the cultural and recreational 
amenities of a cosmopolitan lifestyle, complemented by a sense of 
“southern hospitality”. Affordable housing, outstanding educational 
ae and a year-round temperate climate will enhance your personal 
ifestyle. an 


To learn more about the unique practice opportunities with The Southeast 
Permanente Medical Group, Inc., please call or forward your curriculum 
vitae to; 

Jennifer Johnson e 
Director of Professional Recruitment sae 


THE SOUTHEAST PERMANE 
MEDICAL GROUP, INC. 


Dept. 00001 
3355 Lenox Rd., Suite 1000 
Atlanta, Georgia 30326 
(404) 233-0555 


Good People. Good Medicine, 
` An Equal Opportunity Employer 





= =e 
KAISER PERMANENTE 


Excellent opportunity for a board certified 
Chief of Obstetrics and Gynecology in a 
teaching position, South Louisiana 55 
miles from New Orleans. Program con- 
sists of 16 residents, 6 of whom are in- 
volved at all times in this integrated institu- 
tion of the Ochsner Medical Foundation 
located in New Orleans. Very active high 
risk obstetrical and gynecologic surgical 
service compose the patient population. 
Present staff consists of one full time 
board certified Obstetrician-Gynecologist 
with excellent consultative ability with 
major subspecialties. Salary very com- 
petitive with superb fringe benefits. 


Contact: Dr. Alvin H. Lassen, 
Medical Director 
South Louisiana Medical 
Center 
1978 Industrial Blvd. 
Houma, Louisiana 70363 
Phone: (504) 873-1265 


MATERNAL-FETAL 
MEDICINE 
(Board eligible or Certified) 


600 Bed University-affilited Level IH Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in’ Perinatology. Duties to 


include residency teaching, maternal 
transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in very close 
proximity. 


` CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
GROSSE POINTE, MI 48236 
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PRIMARY CARE 


...For The Patient and Your Career 


These. career oriented, full time 
or per diem opportunities are 
available immediately: 


OB/GYN 


NURSE 
MID-WIFE 


Excellent salary and fringe ben- 
efits. NY State License required. 
Recent grads welcome. EOE. 
Send resume to: Dr. Betty 
Catanese, Medical Director, 
Soundview Health Center, 731 
White Plains Rd., Bronx, me 
10473. 


(21 2) 5 989-8775 


"TMI 
IN Ui 
PEATE 
PLACE 
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Saint Michael’s Medical Center, 
located in Essex County New Jersey, is 
seeking a BC/BE Obstetrician/ Oe 
to direct its Department of OB/G 
with fully accredited residency ie a 
Successful candidate will have prior 
research and ae experience and 
will enjoy a full faculty appointment at a 
New Jersey University. 


Saint Michael's offers a generous | 
compensation and benefits package. 


Interested applicants should send 
CN. to: Leon Smith, M.D. Director, 
Department of Medicine, Saint Michael’s 
Medical Center, 268 Dr. Martin Luther 
King Jr. Blvd., Newark, New Jersey 07102. 
An equal opportunity employer m/f. - 


Š a E sin Michael's Medical Center 
HEALTHCARE l 


Excellent opportunity for BC/BE OB/GYN to join 


well-established, highly respected practice-or to 
establish solo practice in Saratoga Springs, NY area. 
Competitive salary guarantee offered. Strong medical 
staff support and call sharing available. 


Located three hours from NYC, Montreal and Boston, 
and a half-hour from Albany, Saratoga is an historic, 
close-knit community with lovely neighborhoods, 
fine restaurants, specialty shops and entertainment 
including thoroughbred racing and the Saratoga 
Performing Arts Center. Its proximity to Lake Placid 
and the Green Mountains of Vermont is ideal for 
skiers and outdoor enthusiasts. 


Forward CY to: 

Denise Romand, Personnel Recruiter 

Saratoga Hospital, 211 Church Street, 
Saratoga Springs, New York 12866 

(518) 583-8465 days, (518) 583-3120 evenings 


Saratoga S N Hospital 
211 Church Street, Saratoga Springs, NY 12866 





OBSTETRICIAN/GYNECOLOGIST 
KAISER PERMANENTE 


Kaiser Permanente’s Kansas City Region 
is experiencing continuous membership 
growth and is seeking BC/BE OB-GYN 
Physicians. Our six medical offices are 
strategically located throughout the city, 
and we offer: 


Academic Affiliation With Two Tertiary 
Care Hospitals 


Excellent Salaries/Benefits 

Family Oriented Metropolitan Area 
Fully Paid Malpractice Insurance 
Scheduled Time Off 

Student Loan Forgiveness Program 
Tail Coverage Allowance For Physi- 
cians Currently In Practice 


Send CV or call Larry V. McDonald, M.D., 
6900 Squibb Road, Suite 200, Shawnee 
Mission, KS 66202, (913) 722-8418. 








Practice in beautiful Ithaca, NY 


Allof the advantages and none of the head- 
aches of a solo practice! BC/BE OB/GYN 
needed for our new comprehensive Ob/Gyn 
Service. We have a reputation for quality care 
and excellent management. You'll be free to 
practice medicine without the pressures of 
administrative, personnel and financial wor- 
ries. Competitive salary, excellent benefits 


including malpractice, new facility. Beautiful 
Finger Lakes region, home of Cornell Univ: 
Begin Fall 1990. Send CV to Executive Direc- 
tor, Planned Parenthood of Tompkins County, 
314 W. State St., Ithaca, NY 14850. 


Planned 
Parenthood” 


of Tompkins County’ 
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OB/GYN - General Faculty 
Charleston Area Medical Center/ West Virginia 
' University - Charleston Division 


936 OB/GYN - The Department of OB/GYN at West Virginia Uni- 
versity - Charleston Division and Charleston Area Medical Center 
is seeking a BE/BC generalist to join the current faculty. 


The CAMC facility is a modern and progressive 934-bed tertiary 

` care teaching hospital center which provides medical services to 
over 500,000 area residents. There are approximately 3,500 deliver- 
ies and 3,000 GYN surgical procedures annually. The hospital main- 
tains representation in all surgical and medical specialties. CAMC is 
the largest hospital in West Virginia and ranks as the 39th largest 
hospital in the United States. 
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The obstetrics and gynecology residency program is an independ- 
ent four-year program jointly sponsored by CAMC and WVU - 
Charleston Division. The OB/GYN programis based at Women and 
Children’s Hospital, a modern 150-bed hospital division providing 
state-of-the-art technology and representing one of three campuses 
operated by CAMC. This specialty care facility features a 50-bed ob- 
_ Stetrical unit, 30-bed general pediatric unit, and a 6-bed PICU. 
The position is a harmonious blend of academic challenges and 
practice responsibilities jointly subsidized by CAMC and the West 
Virginia University School of Medicine. BE/BC applicants are re- 
quested to forward their current curriculum vitae in confidence to: 


Cliff Duff - OB/GYN Specialist 
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Recruitment « Planning + Consulting 


N Suite 250, Browenton Place + 2000 Warrington Way 
Ss Louisville, KY 40222 
N 1-800-626-1857 
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FELLOWSHIP 


Perinatal Genetics Fellowship Opportunity. The 
Department of Obstetrics and Gynecology, Sec- 
tion of Genetics, Pennsylvania Hospital is 
pleased to announce the establishment of a fel- 
lowship in Clinical Genetics. This training pro- 
gram is open to individuals who will have com- 
pleted a residency in Obstetrics and Gynecology 
and who wish to pursue either a three year com- 
bined fellowship in Clinical Genetics and Mater- 
nal-Fetal Medicine or a two year fellowship in 
Clinical Genetics. This program meets all the 
requirements for certification by The American 
Board of Medical Genetics and offers extensive 
clinical and research experience in obstetrical, 
neonatal and pediatric genetics as well as 
metabolism, prenatal diagnosis, fetal therapy, 
teratology, ultrasonography and cytogenetics. 
Interested applicants should send their C.V. and 
the names of three references to: 


Alan E. Donnenfeld, M.D. 
Section of Genetics 
Department of Obstetrics and Gynecology 
7th Floor Spruce Building 
Pennsylvania Hospital 
Eighth and Spruce Streets 
Philadelphia, PA 19107 
phone (215) 829-5633. 


An equal opportunity employer. 
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FOOTHILLS OF THE BERKSHIRES 


Opportunity to relocate to 
scenic New England 


Immediate opening for Female/Male, BC/BE 
OB/GYN to join busy, growing practice in the 
beautiful Berkshire Foothills. 


Competitive salary guaranteed with all over- _ 


head and malpractice paid; leading to partner- 
ship after one year. 

Private office with separate entrance and 
parking located in 128-bed community hospi- 
tal. Physician practice affiliation with nearby 


major medical teaching center with Level ii- 


Nursery. 
Excellent schools, friendly community atmos- 
phere, wide range of cultural and recreational 
activities. Forty-five minutes to Tanglewood 
and summer theaters, one hour to Vermont 
skiing, 1% hours to Boston, 3 hours to NYC. 
Contact: Jeffrey Whorton 

c/o Noble Hospital 

P.O. Box 870 

Westfield, MA 01086-0870 


MATERNAL-FETAL MEDICINE 
SPECIALIST and GENERALIST 


The Department of Obstetrics and Gynecol- 
ogy at the Arnold Palmer Hospital for Children 


` & Women is actively recruiting both a Mater- 


nal-Fetal Medicine Specialist and a Generalist 
for its full-time teaching staff. This is an excel- 
lent opportunity for teaching, clinical research, 
and private patient care within a new, 255-bed 


hospital which is devoted entirely to the care . 


of children and women. 


Both positions require OB/Gyn board eligibil- 
ity or certification. The Specialist position re- 
quires BE/BC in maternal-fetal medicine. Ar- 
nold Palmer Hospital offers excellent salaries 
and benefits. 


For more information, please contact Thomas 
W. Castaldo, M.D., Director of Medical Educa- 
tion, Department of Obstetrics and Gynecol- 
ogy, Arnold Palmer Hospital for Children & 
Women, 85 W. Miller Street, Suite 303, Or- 
lando, FL 32806; or call (407) 841-5294. The 
Arnold Palmer Hospital is a Division of Or- 
lando Regional Medical Center, An Equal Op- 
portunity Employer. 
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Join a Leader - 
We’re The Ohio Permanente Medical 
Group, Inc. 


and’ we are looking for board certified/board eligible 
Obstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ern Ohio. OPMG is the multispecialty group practice - 
that provides health care services to the more than 
185,000 Kaiser members in the Cleveland-Akron area. 
Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 
in the managed care sector of the health care industry. 
The rewards of practice with us are substantial—excel- 


. _ lent salary and benefit packages, company-paid retire- 


ment plan, full malpractice coverage, a stimulating, col- 
legial environment in which to practice quality medicine, 


‘and more. 


Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
offers the best of big city sophistication and culture in 
an affordable, accessible living area. 


Please send your resume to: Ronald G. Potts, M.D., 


` Medical Director, Ohio Permanente Medical Group, Inc., 


1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
Or you may call us collect at (216) 623-8780. 


e® e 
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KAISER PERMANENTE 


NORTHERN 
CALIFORNIA 


The Kaiser Permanente Medical Care Pro- 
gram of Northern California, San Francisco 
Bay Area, a federally qualified HMO, seek a 
board certified eligible physician for the De- 
partment of Obstetrics/Gynecology in our 
Richmond medical office for 1990. 


Competitive salary. 


Excellent benefits include full malpractice and 
medical coverage,- paid vacation, holiday, 
education and sick leave, retirement plan and 
shareholder opportunity. 


Direct letter of introduction and curriculum 
vitae to: 
Victor A. David, M.D. 
Chief of OB/GYN 
Kaiser Permanente Medical Center 
901 Nevin Avenue 
Richmond, CA 94801 


or call collect (415) 231-4823 
























OBSTETRICIAN 
GYNECOLOGIST 


Expanding Western Massachusetts staff model 
Health Maintenance Organization is seeking a full- 
time Board Certified/Board Eligible. Obstetrician/ 
Gynecologist to join a staff of eight (8) physicians and 
six (6) midwives.. ; 


Our multi-specialty group practice employs seventy 
(70) full-time physicians and provides care for a grow- 
ing membership of over 70,000 from modern subur- 
ban facilities, in-patient care is provided at 900-bed 
Tufts affiliated teaching hospital. l 


Attractive Pioneer Valley location with fine educa- 
tional, cultural and recreational opportunities. 
Excellent salary and comprehensive benefit pro- 
gram. Please send curriculum vitae to: 
Oded Rencus, M.D., Chief of OB/GYN, 305 Bicen- 
tennial Highway, Springfield, MA 01118. 


"Medical West 
DA Community Health Plan 
-B7 A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity/affirmative action employer 
























OB/GYN OPPORTUNITIES IN 
NORTH CAROLINA 


North Carolina needs board certified/ 
board eligible OB/GYNS to practice in 
modern, fully-equipped community health 
centers offering full spectrum of obstetri- 
cal services regardless of ability to pay. 
Federal or State funding with full-time ad- 
ministrators and local governing boards. 
Attractive compensation package avail- 
abie. 


Call Joe Robbins or Judi Ashbaugh col- 
lect to discuss the advantages of living in 
North Carolina and our sensitive place- 
ment services. If your professional and 
personal needs match those of the com- 
munities, the State will subsidize your in- 
terview expenses. 





(919) 733-2040 


NORTH CAROLINA STATE OFFICE 
OF HEALTH RESOURCES 
DEVELOPMENT 












A i Michael Reese Health Plan 


The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/Eligible physicians in the following 
specialty: 


Obstetrics 
Gynecology 


` Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 











A highly-competitive salary and excellent ben- 
efits complement a rewarding practice and 
lifestyle. 

Interested applicants should address inquiries to: 
Scott P. Smith, M.D. 

MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 

or call (312) 808-4551 


an equal opportunity employer mitih 


PERINATOLOGIST 


The Department of Obstetrics & Gynecology 

_ at Pennsylvania Hospital, Philadelphia, PA is 
recruiting a Board Certified/Eligible Maternal- 
Fetal Medicine specialist for a full-time posi- 
tion at the Assistant Professor level. The sec- 
tion now employs eight Maternal-Fetal Medi- 
cine specialists and trains two Fellows per 
year. The position will include half-time con- 
sultation at a satellite site and half-time clinical 
and research responsibilities at the tertiary 
center. Pennsylvania Hospital is an Affirma- 
tive Action, Equal Opportunity Employer. 
Female and minority applicants are especiaily 
welcome. 








Interested candidates should send a cur- 
riculum vitae to: 


Ronald J. Bolognese M.D., Chairman 
Department of Obstetrics & Gynecology 
Pennsylvania Hospital 
8th & Spruce Streets 
Philadelphia, PA 19107 


SPECIAL DELIVERIES. » 
SPECIAL CHALLENGES. 


The Southem California Permanente Medical Group invites. ` ` 


you to join a unique prepaid health care program. Our ` 


multispecialty group practice is a partnership composed of and Ț we 


managed by SCPMG physicians. 


Board eligible/certified PERINATOLOGISTS are needed 


for our high-volume obstetric services which handles 3,000- 


6,000 deliveries per year. Opportunities exist both to join and e i 


create high risk services. 
There are positions available to practice Perinatology“ 
exclusively. Perinatologists who are interested in performing _ 


other aspects of obstetrics: and ‘gynecology may do so. We also - 


have positions available for Endocrinologists and General - 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. + 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 


coverage, vacation and sick leave, continuing education, life in- « 


surance and retirement plans. After two years full-time 


employment, physicians. are eligible to be considered for nots eo 


partnership. 


For a physician application, please call or-write to: William 


G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013: (714) 829. 5365. 


Equal PPPOE Employer M/F/H N 
ANG 7 
ae) 


KAISER PERMANENTE 
Good People: Good Medicine. 


OB-GYN ASSOCIATE wanted. 
to join established Two Doctor 


Group in Plainview, Long Island! ` 


BUSY PRACTICE with: nice mix 
_of obstetrics and operative 
gynecology. Hospital affiliations. 
include both Community and 


University Facilities. Offering 


salary first year; then partial 


profit share leading to full- | 
partnership. Candidate must be . 


Board Eligible and’ ready to. start 
` July 1990. - 


- For an TNE appointment 


call (516) 935-3366. 








OB/GYN. 


ie ice: Obstetrician/Gyne- 
_cologist, Board Certified or eligi- _ 


ble physician to join existing 3 
member OB/GYN Department in 


|. 22 member multi-specialty group ` 


practice in the Lakes Region of . 


- central N.H: Position offers an — 
outstanding professional, finan- 
cial, and life-style opportunity: 
‘Respond with C.V. to Alan 
` Awrich,M.D.,Laconia Clinic, 724 — 
‘Main Street, Laconia, NH 03246. | 


- CONSIDER CALIFORNIA’ S 
T NORTH. COAST 


OB/GYN 


Exceptional opportunity to have a quality, , 
thriving, solo or. partnership. practice with 


coverage. There is.a real need for an ad- 


ditional OB/GYN to establish a practice 
to keep pace with.the expansion of our. 


- well equipped/Full Service hospital, in- 
_ cluding. the doubling of our OB depart- 
` ment and referral base. University com- 
__ munity on the beautiful Redwood Coast 


has superb educational, cultural and re- 
‘creational activities. Adjacent. office 
space is available. Board -eligible/Cer- 
tified Physicians should call and/or send 


CV to: 


‘Physician Recruitment Committee ` 
Mad: River Community Hospital . ` 
l P.O. Box 1115 - 
Arcata, CA 95521 
(707) 822-3621 X249 














Life. 


It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 
doctors from the financial baggage of the private practi- 
tioner, 


Group Health Plan isn’t for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with the Medical Recruiter at 

(814) 993-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 68141. An equal opportunity 
employer. 


GROUP HEALTH PLAN ' 


eS ee EREA 


Outstanding opportunity for BC/BE Ob-Gyn 
physician to join a busy general Ob-Gyn 
practice in rural Vermont. Association with 
board certified Ob-Gyn. Employment through 
Hitchcock Clinic offers guaranteed income, 
benefits and faculty appointment at Dartmouth 








located to most of Vermont's major ski areas, 
but off the tourist track. Convenient to Boston 
and Montreal. Many practice and lifestyle ad- 
vantages other practice opportunities cannot 
provide. 







For information contact: Brent Burgee, M.D., 
Hitchcock Associates of Randolph/Ob-Gyn, 
1 Maple Street, Randolph, Vermont 05060; 
(802) 728-4431. 


An equal opportunity! 
affirmative action employer: 





















Medical School. Randolph, Vermont is centrally’ 











Perinatologists 


Harvard Community Health Plan, New England's largest 
and most experienced HMO, has an excellen? opportu- 
nity in the Boston area for a Perinatologist. The posi- 
tion involves direct contact with high-risk patients, some 
administrative responsibilities and the teaching of fellows, 
residents and medical students through a faculty appoint- 
ment at Harvard Medical School and a staff appointment 
at a Harvard Medical School hospital. We offer an ex- 
cellent compensation and benefit package which includes 
paid malpractice and a generous pension program. Our 


- beautiful New England location provides a versatile 


lifestyle with easy access to a variety of recreational, 
cultural and educational opportunities, Please send your 
curriculum vitae to: 


Harold W. Forbes, M.D. 
Director of Physician Recruitment 
Harvard Community Health Plan 

10 Brookline Place West 

Brookline, MA 02146 


. or 
Call (617) 731-8275 in Masssachusetts, 
Outside Massachusetts call 1-800-222-4606. 


An equal opportunity employer. 


Harvard Community 
Health Plan 












Doctor, You're Needed In... 


any number of the private practice opportunities 
available in the communities we serve. We're Humana and 
we have over 80 hospitals in 20 states. Chances are we 
can help you find a location where you are needed — and 
that's suited to your lifestyle. Consider these communities: 


*° Huntsville, AL * Louisa, KY 
¢ Los Angeles Co., CA œ» Louisville, KY 
e Central Florida * Somerset, KY 
e South Florida . New Orleans, LA 
¢ St. Petersburg, FL . Oakdale, LA 
* Atlanta, GA area * Springhill, LA 
. Augusta, GA ¢ Chattanooga, TN 
. Kansas City, KS * Houston, TX 
e Lexington, KY * Richlands, VA 
e Richmond, VA 


We have other opportunities not listed here. 


` For further information, call TOLL-FREE 1-800-626-1590, 


or send your curriculum vitae to: Manager, Professional 
Relations, Humana Inc., Dept. QQ-1, 500 West Main Street, 
Louisville, KY 40201-1438. 
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Private Practice Opportunities 


CENTRAL FLORIDA 


Join-a three-physician group of board- certified OB/GYNs who are 
now seeking a fourth member due to increased patient volume, or 


join a well-established, expanding one- parso practice. It's your ; 


choice. 
You'll find both of these outstanding opportiities in Kissimmee, 


Florida, located in the heart of Oscéola County, the fastest growing | 


county in Florida, with a. population of 95,000. Kissimmee is only 
20 miles south of Orlando and such attractions as Disney World, 
EPCOT Center, Universal and MGM studios. Both Florida coasts are 


within a one hour drive. Living in Kissimmee provides all of the - 
comforts of a small community with extensive’ cultural and recrea- - 


` tional activities conveniently close- by. 


TOA 


Call TOLL-FREE 1-800-626-1590 to find out more er 


these rewarding practice opportunities. Or send your CV to: 








West Main Street, Louisville, KY 
40201- 1438: 


Humana” 


OBSTETRICIAN/ 
GYNECOLOGIST 
Board eligible. or certified general ob- 
stetrician/gynecologist -to practice at 
university medical -school affiliated 
hospital in Rome, NY, in'a private 


practice with Board ‘certified obstetri- 
cian/gynecologist: The community is 


an excellent environmental setting lo- ` 


cated at the foothills of the: scenic. 


Adirondack Mts.. A -Medical. College ` 
appointment at State University of 
New York Health Science. Center- 
Syracuse will be offered. Salary 
guaranteed _ for. the first year at 
$120,000 with other additional bene- 
fits. Please submit curriculum vitae to: 


Michael S. Baggish, M. D. ~” 
Professor and Chairman ` 
736 Irving Avenue 

Suite 308, West Tower | 
Syracuse, New York 13210 








John Hollander, Professional Relations, `. 
‘Humana Inc., Dept. QQ-1A, 500 





MATERNAL-FETAL 
MEDICINE 





‘UMDNd—Robert Wood Johnson Medical 


School at Camden, Cooper Hospital/Uni-. 


"versity Medical Center is a tertiary care 
~ center in southern New Jersey, located 
10 minutes from Center City Philadelphia. 


We are currently recruiting for a second 


, full-time board eligible/certified perinatol- 


ogist. Responsibilities include resident 
and student. teaching management of - 
high risk maternity patients, clinical and/or. 


_ basic research, and staffing of our Ante- 


partum Diagnostic Center. Experience 


with CVS, PUBS and Doppler ultrasound 


preferred. Competitive salary plus incen- 


tive, with excellent fringe benefits. 


Send curriculum vitae to:- 
Richard L. Fischer, M.D. . 
Director, Maternal/Fetal Medicine 
3 Cooper Plaza, Suite 211 
Camden, New Jersey 08103 
An equal opportunity/affirmative- ` 
- action employer 

















` Group Health Cooperative of Puget 

* Sound, a 370,000-member prepaid 
. group practice, currently has a 
* ~ position for an OB/GYN riyadan: 
-Referral only practice ina. ` 
oauiteseecany organization, 


Toi inquire; ‘write: ` l ; 
-Director of Medical Staff Personnel 
Group Health Cooperative 
of Puget Sound 
521.Wall Street’. 
B WA 98121 


aw Coopera t Sound 





Affirmative Action Equal Opportunity Emptoyer 


Central Minnesota 
Group Health Plan 


OB/GYN 


Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer- 
tified OB/GYN physicians. New clinic facility 
in the fastest growing urban area in Minne- 
< gota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
< from Mpls./St. Paul. Be close to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 


- staff and receive competitive salary, outstand- 


ing benefits, liberal vacation and educational 
leave, malpractice coverage, etc. Contact 
Physician Services, Central Minnesota Group 
Health Plan, 1245 15th Street North, 
St. Cloud, MN 56303. 612/253-5220. EOE. 





Private Practice 
Opportunity 


LOUISVILLE, KY 


Busy, well-established two-physician 
OB/GYN group wishes to add a third 
OB/GYN due to rapid practice growth. 
Excellent financial package is offered. 


Louisville is one of mid-America’s most 


fascinating, sophisticated cities. Famous $- 


as the home of the Kentucky Derby, 
Louisville is largely a city of neighbor- . 
hoods, quietly charming and universally 
friendly. The city takes pride in its abun- 


dant recreational opportunities, support- 


of the arts, and outstanding educational 


facilities. is : — 
For more information about thisreward- $ 


ing private practice opportunity, send 
your CV to: 


Marie Armstrong 
P.O: Box 72339 
Louisville, KY 40272 





CHAIRMAN 
DEPARTMENT OF GYNECOLOGY 


The Cleveland Clinic Foundation invites applica- 
tions for the position of Chairman, Department of 
Gynecology. The Cleveland Clinic Foundation is a 
large National Referral Center and an International 
Health Resource dedicated to providing excellent 
specialized medical care in the setting of education 
-and research. The private, not-for-profit organiza- 
- tion is supported by a thousand bed hospital. The 
¿position provides an excellent opportunity to ex- 

-pand a progressive department. Current areas of 


| expertise in the Department of Gynecology include 


oncology, infertility and endocrinology. Candidates 
for the Chair should have a track record in aca- 


‘|. demic and clinical achievement. They must be 


committed to excellence in patient care, teaching 
and research. 


Please send applications to Muzaffar Ahmad, 
M.D., Chairman, Search Committee, Department 
of Pulmonary Disease, Cleveland Clinic Founda- 
tion, One Clinic Center, 9500 Euclid Avenue, 
Cleveland, Ohio 44195-5001. Applications should 
include curriculum vitae and the names and ad- 


dresses of two references. 
“The Cleveland Clinic Foundation is an equal oppor- 


= tunity. employer. 








= ® 
KAISER PERMANENTE 


OBSTETRICIAN-GYNECOLOGIST: The | 
Permanente Medical Group, inc., of San | 
Jose, California is looking for BC/BE physi- 


cians for immediate openings in the OB/GYN. 


Department. Positions available either at the 
main facility in San Jose or at satellite medical 
offices in Gilroy. The young, dynamic Depart- 
ment is still growing and currently has nine- 
teen physicians and two nurse practitioners. 
Salary is competitive and includes full cover- 
age malpractice insurance and an outstand- 
ing benefits package. San Jose and Gilroy 
share excellent access to Bay area cultural 
and recreational activities. 
Please contact: 
Jerome L. Nehemiah, M.D. 
Chief 
Department of OB/GYN 
The Permanente Medical Group, inc. 
260 international Circle 
San Jose, CA 95119 


NB 
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| The Obstetrics and Gynecology Review Course 





March 5-10, 1990 — San Francisco 


OBJECTIVES: 
e Increase basic knowledge and clinical skills in ob-gyn. 
e Assist residents and fellows to study efficiently 

© Prepare candidates to take board exams 
© Provide practicing gynecologists with an update 








June 4-9, 1990 — St. Louis 


maunwaunmaennreneunmonwesennnanrenennenennas as 


Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 


Sponsored by the Osler Institute 
METHODS: 


Nov. 26-Dec. 1, 1990 — Chicago 
Now, your comprehensive review of basic and clinical science 


e HOME STUDY MATERIALS with questions and answers 
e SEMINAR with projection slides and syllabus 


e LABORATORY with microscopic slides 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


TOPICS 
Clinical Science Benign Gynecology 

< Surgical Anatomy Infectious Diseases 
Embryology Urinary Retention 
Radiology Urinary Incontinence 
Genetics Pediatric Gynecology 
Teratology Sexual Assault 
Anesthesiology Ectopic Pregnancy 
Antibiotics Endometriosis 

Pathology Reproductive Endocrinology 
Vulva Contraception 
Vagina Infertility 
Cervix Amenorrhea 
Endometrium Abnormal Bleeding 
Myometrium Androgen 
Ovary Prolactin 
Placenta Menopause 
Oncology Maternal and Fetal Medicine 

Chemotherapy Pharmacology 
Vulva and Vagina Diabetes 
Cervix Hypertension 
Uterus Hematology 
Ovary Antepartum Testing 
Trophoblast Premature Labor 
Breast Birth Trauma 


memenunasanonossnexsasnvasansoansannessasse 
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; Name 

: Address 

: City/State/Zip 

Í Phone For: [C] March 5-10, 1990 — San Francisco 
Mail today to: C] June 4-10, 1990 — St. Louis 

: 1094 Dawn Lane, Dept. Al 7 ‘a Nov. 26-Dec. 1, 1989 — Chicago 
‘ P.O. Box 2218 Ld- Check enclosed for $ 

: Terre Haute, IN 47802 [0 Please send more information 


voneunenenansnananrannansnsacusasassnonunan 


¢ PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: This course.” 

for residents and practicing gynecologists 
is a comprehensive review and update of: 
fered in the spring and fall with the fall. 
course more clinically oriented. Th 
mecting hotels will be the best combin 
tion of good study environment and bar- 
gain rates. Please await instruction _ 
before buying travel tickets. Er 






"and those little extras" ® 
LOWEST AIR FARES: Reliable Travel _ 
offers you the lowest airfare — often 
below super saver rates. Please call toll- 
free 1-800-548-8185 and identify yourself 
with this Osler course. ; 





"remarkably complete and pleasant." * 


PLACEMENT SERVICE: For a practice. 
opportunity write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND C.M.E. CREDITS: o 

e CME. Credit: 6 Hours 
e Practicing Gynecologists: $690 
Residents and Fellows: $460 


e Repeating seminar within 3 years: half price 

e Optional extra day Dec. 2 (more questions, 
answers and pathology laboratory): © $150 

e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $11/day. 

$ Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

© Most home study materials will be mailed o 
after half of the registration fee is received. 


"home study material was extremely helpful " a 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 

¢Cancellation after mailing home study 
material requires retention of half the fee. 


"I feel [the course] helped me pass...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by participants 
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ORTHO-NOVUM77Z. 


iorethindrone/ethiny! estradiol 


ach white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
antains 0.75 my ial ge and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
drone and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients. 


PORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
‘ovided with the product and therefore should not be used as the basis for prescribing the product. 
als summary was prepared by deleting from the complete prescribing information certain text, tables 
iad references. The physician should be thoroughly familiar with the complete prescribing information 
fore prescribing the product. 
SDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 
“NTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
anditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
tis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
wrcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
ant neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
sith prior pill use. 8 Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 


+e use of oral contraceptives is associated with increased risks of several serious conditions including 
syocardial intarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease. although the 
isk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
ask of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
$ hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
yould be familiar with the following information relating to these risks. The information contained in this 
sief summary is principally based on studies carried out in patients who used oral contraceptives with 
ligher formulations of estrogens and progestogens than those in common use today. The effect of fong 
iarm use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
W be determined. Throughout this brief summary epidemiological studies reported are of two types 
strospective or case contro! studies and prospective or cohort studies. Case control studies provide a 
Seasure of the relative risk of a disease, namely a ratio of the incidence of a disease among orai contra- 
#eptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
wcurrence of a disease, Cohort studies provide a measure of attributable risk, which is the difference in 
lve incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
‘ide information about the actual occurrence of a disease in the population. For further information, the 
wader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
wASCULAR PROBLEMS. a. Myocardial Infarction, An increased risk of myocardial infarction has been 
associated with ora! contraceptive use. This risk is primarily in smokers of women with other underlying 
sk factors tor coronary artery disease such as hypertension, hypercholesterolema, morbid obesity, and 
alabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
i) six. The risk is very low under the age of 30. Smoking in combination with ora! contraceptive use has 
agen shown to contribute substantially to the incidence of myocardial infarctions in women in their 
snid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
ears of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
fects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
articular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
‘hile estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
Mood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
ssociated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
solic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
ontro! studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
uperficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
iglative risk to be somewhat lower, about 3 for new cases and about 45 for new cases requiring hospital- 
kation. The risk of thromboembolic disease associated with oral contraceptives is not related to fength ot 
wse and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
shromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
"enous thrombosis in women who have predisposing conditions is twice that of women without such 
inedical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
f two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
Muring and following prolonged immobilization. Since the immediate postpartum period ıs also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c Cerebrovascular diseases. Oral contracep 
ives have been shown to increase both the reiative and attributable risks of cerebrovascular events 
“thrombotic and hemorrhagic strokes), although. in general, the risk is greatest among older (>35 years). 
aypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
‘aon-users, for both types of strokes, and smoking interacted to increase the risk of stroke. in a large study, 
‘he relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
tasers with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
amokers who used oral contraceptives, 2.6 for smokers who did not use ora! contraceptives. 76 for 
‘smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
ension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
pral contraceptives. A positive association has been observed between the amount of estrogen and 
yrogestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
‘ipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
ipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
“etween doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Winimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
somtaing the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
eeds of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
ions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
@tudies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
istudy in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
Rives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
‘nore years, but this increased risk was not demonstrated in other age groups. in another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
‘of oral contraceptives, although excess risk was very smail. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
astimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods pius the risk attribu- 
fable to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
sand risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
jand 40 and older wha do not smoke, mortality associated with all methods of birth control is low and 
Yoelow that associated with childbirth, However. smokers 35 and older and non-smokers 40 and older who 
suse oral contraceptives have a significant increase in mortality higher than those using other methods of 
ibirth control These facts must be weighed in conjunction with failure rates for other methods and the risk 
jassociated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
sepidemiological studies have been performed on the incidence of breast. endometrial. ovarian and cervical 
mancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
yuse of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
‘younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical 
neoplasia in some populations of women. However, there continues to be controversy at the extent to 
which such findings may be due to differences in sexual behavior and other factors 4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the atinbutable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may Cause death through 
intra-abdominal hemorrhage. Srudies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS There have been clinical case reports of re 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued # 
there is unexplained partial or complete loss of vision: onset of proptosis or diplopia, papledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be un aken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used orai contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect. particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use, If the patient has not adhered to 
the prescribed schedule. the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued unti pregnancy is ruled out 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of galibladder surgery in users of 
oral contraceptives and estrogens. Mose recent studies, however. nave shown that the relative risk af 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a signsicant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents However, in the 
non-diabetic woman, orat contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent yperinglycendemna 
while on the pill. As discussed earlier (see WARNINGS ta and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9 ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking orai contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data irom the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases. or renal disease. should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives. they shouid be monitored clasely and if significant 
elevation of blood pressure occurs. oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there ss no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or Severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives. espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bieeding. if pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy shouid be ruled out. Some 
women may encounter post-pill amenorrhea or oligamenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive tailures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral Contracephives and ai 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure. breasts. abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. in case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong famuly history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemuas 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs. the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Orat contraceptives may cause some degree of fluid retention They should 
be prescribed with caution. and only with careful monitoring. in patents with Cor which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS Women with a history ¢ ession should be 
carefully observed and the drug discontinued if depression recurs to a se ree 6 CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in nce should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of ritam- 
pin. A similar association, though less marked. has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8 INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood componen be affected 
by oral contraceptives: a. Increased prothrombin and factors Vil, VIL IX. and X. decreased antithrombin a 
increased norepinephrine-induced platelet aggregability. b Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone. as measured by protein-bound (PBI). T4 by 
column or by radio-immunoassay Free T3 resin uptake i$ decreased, reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d g giob 
increased and result in elevated levels of total circulating sex steroids and corticoid 

biologically active levels remain unchanged. e. Tnglycerides may be increased. | Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. Thi be of clinica! 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11, NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported. 
including jaundice and breast enlargement. in addition. oral contraceptives give partum period 
may interfere with lactation by decreasing the quantity and quality of breast mitk ple, the sursing 
mother should be advised not to use oral contraceptives but to use other forms o eption until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package insert 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophiebitis and venous thrombosis 
with or without embolism. Arterial thromboemboiism. Puimonary embolism. Myocar rection. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension Gallbladder disease. Hepatic a as or benign 
hver tumors. The foliowing adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related Nausea. Vomiting. Gastrointestinal sym h as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. hea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Br nanges: lender 
ness. enlargement, secretion. Change in weight (increase or decrease). Change erosion and 
secretion. Diminution in lactation when given immediately postpartum. Chol dice. Migraine 
Rash {allergic}. Mental depression. Reduced tolerance to carbohydrates Vagir sis Change i 
cornea! curvature (steepening}. Intolerance to contact lenses. The following adve! s have been 
reported in users of oral contraceptives and the association has been neither ed nor reluted 
Pre-menstrual syndrome. Cataracts. Changes in appetite Cystitis-ike syndrome. Head: Nervousness 
Dizziness. Hirsutism. Loss of scalp hair Erythema multiforme. Erythema nodosum. Hemorrhagic eruption 
Vaginitis. Porphyria. Impaired rena! function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis, 
OVERDOSAGE: Serious ilt effects have not been reported following acute ingestion of large doses of ora! 
contraceptives by young children Overdosage may cause nausea and withdrawa? bleeding may occur in 
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Scanning electron micrograph 
(x 3300) of Candida albicans 
grown for 48 hours on agar. 


1. Droegemueller W, Adamson DG, Brown. et al: Three-day treatment with buto- 
conazole nitrate for vulvovaginal candidiasis. Obstet Gynecol 1984;64(4):530-534. 


2. Prescribing information for Femstat® Prefill vaginal cream. 
*Microbiological cure rates in 95% of patients eight days following Femstat three- 

day therapy.! 

In prégpant patients (second and third trimesters only), therapy should be 
extended to six days. 
Please see brief summary of prescribing information on page following 
this advertisement. 
© 1989 Syntex Laboratories, Inc. 


Femstat’ Prefil 
destroys the integrity 
of the yeast cell. 


Scanning electron micrograph 


(x 3300) of Candida albicans 
on agar plate with butocona- 
zole nitrate. 

















Cure with 3-day** therapy 
W Microbiological cure rates in 95% of patients eight days following 
Femstat three-day therapy’ 

Broad spectrum of activity 

m Clinically effective against Candida albicans and other Candida species, 
including Candida tropicalis. 

Broad margin of safety 

W A low incidence of reported adverse reactions? 

w NOT a triazole/NOT associated with flu-like symptoms. 


W Proven safe and effective for use in pregnant patients” 
(second and third trimesters only). 


eel 3 prefilled disposable applicators 
w Reduces risk of reinfection and ensures 
tential 7 
| ranana unit-dose accuracy. 
| | E Eliminates messy filling/cleaning procedures. 


FEMSTAT PREFILL 


(ouloconazole nitrate) Reo, = SS | 


3-day** victory over S| Ssyntex 
vulvovaginal candidiasis Sra 
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BRIEF SUMMARY 


INDICATIONS: FEMSTAT” (butoconazole nitrate) 
vaginal cream 2.0% is indicated for local treat- 
ment of vulvovayinal mycotic infections caused 
by Candida species. Confirm the diagnosis by 
KOH smears and/or cultures. FEMSTAF can be 
used with oral contraceptives and antibiotics. It 
is effective in non-pregnant women and during 
the second and third trimesters of pregnancy, 


CONTRAINDICATIONS: FEMSTAT is contraind- 
cated in patients hypersensitive to any of the 
ingredients, 


PRECAUTIONS. General: if clinical symptoms 
persist, repeat microbiological tests to rule out 
other pathogens and confirm the diagnosis 
Discontinue drug if sensitization or irritation 
occurs. 








information for the Patient: Do not discontinue 
prematurely during menstruation or because 
of symptomatic relief 


Carcinogenesis: Animal studies have not 
een done 


Mutagenesis Mutagenicity studies were 
negative 





mpairment of Fertility. Animal studies showed 
no impairment of fertility. 


Pregnancy Category C: Adverse effects were 
nated in animals treated with high oral doses 
No studies were done in women during first 
trimester Patients in the second or third 
trimester have shown no adverse effects 
attributable to the drug 


Nursing Mothers: Use with caution 


Pediatric Use: Safety and efficacy have not 
been established 


ADVERSE REACTIONS: Vulvar/vaginal burning 
in 2.3% of patients, vulvar itching in 0.9%, 
discharge, soreness, swelling, itching of fin- 
gers each in 0.2%. Complaints caused 16% 
to discontinue drug. 


DOSAGE AND ADMINISTRATION: Non-preg- 
nant Patients: The recommended dose is one 
apphcatorful of cream approximately 5 grams} 
intravaginally at bedtime for three days 
Treatment can be extended for an additional 
three days if necessary. 






Pregnant Patients (second and third trimesters 
only} The recommended dose is one applica- 
torful of cream [approximately 5 grams} 
iMtravaginally at bedtime for six days 


CAUTION: 
Federal law prohibits dispensing without 
preseription. 









































THERAPEUTIC HYSTEROSCOPY: 
Indications and Techniques a 


Edited by Alvin M. Siegler, M.D.; Rafael F. Valle,M:D.; | 
Hans J. Lindemann, M.D.; and Luca Mencaglia, M.D. 


Edited by a team of international experts on hysteroscop 
this new book promises to help make this endoscopic tec 
nique a part of every gynecologist's practice. Emphasizing 
technique with much improved instrumentation, itprovides _ 
the step-by-step instruction you need to know to treat intra- © 
uterine disorders. The authors assume the reader is already | 
very familiar -- if not proficient -- with the hysteroscope as: 
adiagnostic tool, and focus instead on operative therapeutic |) 
techniques. It reviews instruments and indications foreach |) 
condition, and presents "how-to" information for each pro- 
cedure. Extensive illustrations -- many in full color comple- 
ment the text. 

March, 1990. Approx. 224 pages, 360 ills. (Book Code: 05504) 
About $89.00 (U.S.); $115.75 (Can.) 
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CLINICAL SECTION 
W Clinical Opinion 


? 


Clinical guides to preventing ethical conflicts between pregnant women 303 
and their physicians 


Frank A. Chervenak, MD, and Laurence B. McCullough; PhD 
New York, New York, and Houston, Texas 


Informed consént as an ongoing dialogue, negotiation, respectful persuasion, and the proper 
use of ethics committees all play a significant. role in preventing ethical Conflicts between the 
pregnant woman and her physician. ; i 


Uterine large granular lymphocyte: A possible role in embryonic | . 308 — 
implantation? , 


Ashley King, MA, MRCP, and Y. W., Loke, MA, MD 
Cambridge, England . 


Uterine large granular lymphocytes are compared with those present at shee mucosal 
surfaces and their possible importance in the control of embryonic implantation i is discussed. 


The HELLP syndrome (hemolysis, elevated liver enzymes, and low 311 
platelets): Much ado about nothing? ns 
Baha M. Sibai, MD 


Memphis, Tennessee 

There is considerable controversy regarding the definition, diagnosis, clinical significance, and 
management of the HELLP syndrome; a summary of clinical findings and recommended plan 
for diagnosis and management are presented. : : 
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Materna! serum a-fetoprotein screening for fetal Down syndrome in the 317 
United States: Results of a survey 
Glenn E. Palomaki, BS, George J. Knight, PhD, Mary S. Holman, BS, and James E. Haddow, MD 


Scarborough, Maine 


Screening for fetal Down syndrome with maternal serum a-fetoprotein measurements is 
widespread in the United States, and although satisfactory overall, some laboratories may 
need to improve their protocols. 


Evaluation of the lemon and banana signs in one hundred thirty fetuses 322 
with open spina bifida 

Michiel C. Van den Hof, MD, FRCSC, Kypros H. Nicolaides, MRCOG, James Campbell, MRCOG, and 
Stuart Campbell, FRCOG , 
London, England 


The prenatal diagnosis of fetal open spina bifida is facilitated by the recognition of commonly 
associated ultrasonographic cranial and cerebellar markers. 


Maternal serum a-fetoprotein levels in pregnancies among black and 328 
white women with fetal open spina bifida: A United States Collaborative 

Study 

A. Myron Johnson, MD, Glenn E. Palomaki, BS, and James E. Haddow, MD 


Scarborough, Maine 


Maternal serum e-fetoprotein levels in pregnancies affected by fetal open spina bifida are 
higher in black women than in white women. - 
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more cost-effective 
than cefoxitin”? 


less frequent dosing 
than cefoxitin” 


several times the half-life 
of cefoxitin”: 


: single-dose prophylaxis/ 
-| twice-daily treatment 


Count on 


CEFOTAN... 


Icefotetan disodium} 


In intra-abdominal and gynecologic infection 
due to indicated organisms 
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For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE : . ‘ 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
fòllowing infections when caused by susceptible strains of the designated organisms: 

pobre tract Infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus i 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
gnoluding ampicillin-resistant strains), K/ebsiei/a species {including K pneumoniae), and E coli. 

kin and skin structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
IInase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus ` 
species (excluding enterococci), and £ coll. ; , 

Gynecologic Infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains), hylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coll, Proteus mirabilis, Neisseria a gonorrhoeae, Bacteroides species (excluding 8 distasonis, 

B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species, f 

intra-abdominal Infections caused by E col, Klebsiella species (Including K pneumoniae"), Strepto- 
coccus species (excluding enterococci}, and Bacteroides species (excluding B distasonis, B ovatus, 

8 thetalotaomicron). : 

Bone and jolat Infections caused by Staphylococcus aureus. k 

*Etficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become avallable, the 
antibiotic treatment should be adjusted accordingly. t 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic In vitro against many Enterobacteriaceae and also some other Sani hegstie bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. : 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially If higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidie antibiotics. ` 

\though, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is ene that 
nephrotoxicity may be potentiated if CEFOTAN Is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, and gastrointestinal surgery). od 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery, In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. : 

_ If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS : : 
E contraindicated in patlents with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is Instltuted, careful Inquiry should be made to determine whether the 
patlant has had previous hypersensitivity reactions to cefotetan disodium, copnatosporins, 
penicillins, or other bg oe This product shouid be given cautiously to peniciilin-sensitive patients. 
Antibiotics should be administered with caution to any gatlent who has demonstrated some form of 
allergy, particularly to drugs, it an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serlous acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colltis has been reported with the use of cephalosporins (and other broad- - 
spectrum antibiotics}; therefore, It 1s Important to consider Its dlagnos!s in patients who develop 
diarrhea In assoclatlon with antibiotic use. i : 

‘Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- ` 
growth of clostridia. Studies indicate a toxin produced by C/ostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
leved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
Mio io inna pseudomembranous colitis produced by G difficile. Other causes should also be considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 

gronn of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
oes occur during therapy, appropriate measures should be taken. y 

- In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 

‘prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 

tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 

risk and exogenous vitamin K administered as Indicated. 

i CEFOTAN Should be used with caution in individuals with a history of gastrointestinal disease, par- 
cularly calltis. à 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 

characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, , 

gte.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned abaut the 


_ ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
aone, i is — that nephrotoxicity may be potentiated if CEFOTAN Is used concomitantly with an 
aminoglycoside. i : 

ORUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases In the levels of 
creatinine repone, 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluata carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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developmentally analogous to late childhood and pee in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells Included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day {approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed In 7-week-old rats treated with up to 1000 mg/kg/day SC for § weeks, or 
in Infant dogs {3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
Pregnant women. Because animal reproductive studias are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted In human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
papel symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patlents and included eosinophilia (1 in 200), 

ositive direct Coombs test (1 in 250}, and thrombocytosis (1 in 300). 

lapatle enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 

1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

ty or acid reactions were reported in 1.2% of patlents and included rash (1 in 150) and itching 

n 700). 

cal effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort {1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition ot the patient, severity of the infection, and susceptibility of the causative organism., 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route ` 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 of 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. in patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance 
mUmin Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage” Evary 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine leveis are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: er SEI SR SER OP PPro 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it Is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and Intramuscular administration. The 1g dose is 
available in 10 mL and 100 mL viais, and the 2 g dose is avaliable in 20 mL and 100 mL vials. CEFOTAN 
fs also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (oe 0038-0377-20); 1 g in 100 mL vial 
{NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
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Recurrent allergic vulvovaginitis: Treatment with Candida albicans 332 
allergen immunotherapy 


Desirée Rigg, MD, PhD, Michael M. Miller, MD, and W. James Metzger, MD 
Greenville, North Carolina, and Knoxville, Tennessee 


In a prospective controlled study 16 of 18 women with recurrent vulvovaginal candidiasis who 
were allergic to Candida albicans showed significant improvement with allergen 
immunotherapy. 


Infections complicating low-risk cesarean sections in community 337 
hospitals: Efficacy of antimicrobial prophylaxis 


N. Joel Ehrenkranz, MD, William C. Blackwelder, PhD, Sandra J. Pfaff, BSN, Dolores Poppe, RRA, 
Diane E. Yerg, MA, MSPH, and Richard A. Kaslow, MD 
South Miami, Florida, and Bethesda, Maryland 


A prospective study of infectious complications of 1863 low-risk cesarean sections revealed a 
0.9% incidence of endometritis-wound infection occurring with antimicrobial prophylaxis and 
a 3.7% incidence without. 


Clindamycin therapy for Chlamydia trachomatis in women 343 
William F. Campbell, PhD, and Melvin G. Dodson, MD, PhD 
Johnson City, Tennessee 


This investigation represents the largest prospective, double-blind, randomized study of 
culture-positive Chlamydia trachomatis endocervicitis and compares the efficacies of 
clindamycin and erythromycin. 


Intralesional interferon alfa-2b for the treatment of genital warts 348 
Charles E. Welander, MD, Howard D. Homesley, MD, Kenneth A. Smiles, PhD, and 

Edwin A. Peets, PhD 

Winston-Salem, North Carolina, and Kenilworth, New Jersey 


Intralesional interferon alfa-2b shows significant clinical activity for the treatment of external 
genital warts in a double-blind, placebo-controlled trial. 


Treatment-dependent and treatment-independent pregnancy among 354 
women with periadnexal adhesions 

Togas Tulandi, MD, John A. Collins, MD, Elizabeth Burrows, MBA, John F. Jarrell, MD, 

Robert A. McInnes, MD, William Wrixon, MD, and Charles W. Simpson, MD 

Montreal, Quebec, Hamilton, Ontario, Halifax, Nova Scotia, and Saskatoon, Saskatchewan, 

Canada f 


Although pregnancy might occur in infertile women who have periadnexal adhesions, 
treatment with salpingoovariolysis is associated with a higher pregnancy rate. 


Increased plasma levels of ED1* cellular fibronectin precede the clinical 358 
signs of preeclampsia ; 

Charles J. Lockwood, MD, and John H. Peters, MD 

Boston, Massachusetts, and San Diego, California 


Elevated plasma concentrations of ED1* cellular fibronectin precede clinical evidence of 
preeclampsia; this finding is consistent with early-onset endothelial-vascular injury. 
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Labetalol pharmacokinetics in pregnancy-induced hypertension- . 362 
Rebecca C. Rogers, PharmD, Baha M. Sibai, MD, and W. David Whybrew, MS 
Memphis, Tennessee 


Oral labetalol’s pharmacokinetic disposition including absorption, ‘half-life, clearance, and 
fetal cord and amniotic fluid concentrations are determined in patients with 
pregnancy-induced hypertension. 


Proteinuria and outcome of 444 pregnancies complicated by | i i ' 366 
hypertension i 
Sergio Ferrazzani, MD, Alessandro Caris, MD, Sara De Carolis, MD, ‘Ida Vercillo Martino, MD, 

and Salvatore Mancuso, MD 

Rome, Italy 


Proteinuria was analyzed in 444 hypertensive women with singleton pregnancies and 
correlated negatively with fetal outcome. 


Maternal death caused by HELLP syndrome (with hypoglycemia) 372 
‘complicating mild pregnancy-induced hypertension in a twin gestation 

M. Neuman, MD, R. Ron-El, MD, R. Langer, MD, I. a MD, and E. Caspi, MD 

Zerifin, Israel 


HELLP syndrome (hemolysis, elevated ne enzymes, low platelets) aeorparisd by severe 
hypoglycemia in a twin pregnancy led to maternal death. 


Effects of birth weight and sociodemographic variables on mental i 374 " 
development of neonatal intensive care unit survivors 

Michael B. Resnick, EdD, Kathleen Stralka, MS, Randy L. Carter, PhD, Mario Ariet, PhD, 

Richard L. Bucciarelli, MD, Robert R. Furlough, PhD, Janet H. Evans, MSPA, John S. Curran, MD, 
and William W. Ausbon, MD 

Gainesville, Tallahassee, and Tampa, Florida 


Mental development of neonatal intensive care unit survivors at 4 to 5 years is influenced 
more by race and mother’s educational background than by infant. birth weight. 


Intrapartum asphyxia in the preterm fetus <2000 gm 378 
James A. Low, MD, Stephen L. Wood, MD, Helen L. Killen, RN, Elizabeth A. Pater, RN, and l i 
E. Jane Karchmar, BA 

Kingston, Ontario, Canada 


Diagnosis of intrapartum asphyxia in the preterm fetus requires routine umbilical cord blood 
gas and acid-base assessment at delivery. 


Hypertriglyceridemia and hypoxemia in small-for-gestational-age fetuses , 382 l 
D. L. Economides, MD, D. Crook, PhD, and K. H. Nicolaides, MD í 
London, England 


The plasma triglyceride concentration is higher in small-for-gestational-age fetuses than in 
appropriate-for-gestational-age fetuses, and the i increase is significantly correlated with the 
degree of fetal hypoxemia. 
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Relation of rate of urine production to oxygen tension in 
small-for-gestational-age fetuses 


K. H. Nicolaides, MD, M. T. Peters, MD, S. Vyas, MD, R. Rabinowitz, MD, D. J. D. Rosen, MD, 


and S. Campbell, MD 
London, England 


In 27 small-for-gestational-age fetuses undergoing cordocentesis, a significant correlation was 
found between urine production rate and blood oxygen tension. 


Middle cerebral artery blood flow in normal and menu ieee fetuses 
Jean-Claude Veille, MD, and Ilan Cohen, MD © 
Cleveland, Ohio 


Doppler ultrasonography of the middle cerebral artery was performed on 17 
small-for-gestational-age fetuses and 25 appropriate-for-gestational-age fetuses; there was no 
significant difference in the waveform between the two groups. 


Severe symmetric intrauterine growth retardation associated with the 
topical use of triamcinolone 

Vern L. Katz, MD, John M. Thorp, Jr., MD, and Watson A. Bowes, Jr., MD 

Chapel Hill, North Carolina , 


Topical application of triamcinolone because of atopic dermatitis may cause severe 
intrauterine growth retardation. 


Fetal assessment based on fetal biophysical profile scoring. Ill. Positive 
predictive accuracy of the very abnormal test (biophysical profile 
score = 0) 

F. A. Manning, MD, C. R. Harman, MD, I. Morrison, MB, and S. Menieg MD 


Winnipeg, Manitoba, Canada 


A fetal biophysical profile score of 0, while infrequent, constitutes a true perinatal emergency 
yielding a perinatal mortality rate of 43.8% and a morbidity rate of 100% among survivors. 


An evaluation of the efficacy of Doppler flow velocity waveform analysis 
as a screening test in pregnancy 


John P. Newnham, MD, Lyn L. Patterson, RN, Ian R. James, PhD, Dean A. Diepeveen, BSc, 


and Stanley E. Reid, MB, BS 
Perth, Australia 


In a double-blind study of 535 pregnancies, Doppler systolic/diastolic ratios were found to be 
unsuitable primary screening tests for low-risk -obstetric populations. 


Reevaluation of the role of culdocentesis in the management of ectopic 
pregnancy 

Michael Vermesh, MD, Jacek W. Graczykowski, MD, and Mark V. Sauer, MD 

Los Angeles, California 


Culdocentesis, a painful and invasive procedure, may have little value in a clinical setting that 
uses sensitive and rapid pregnancy testing and pelvic ultrasonography. 
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The efficacy of oral Mifepristone (RU-38486) with a prostaglandin E; 414 
analog vaginal pessary for the termination of early pregnancy: 

Complications and patient acceptability 

Nicholas C. W. Hill, MRCOG, Jane Ferguson, SRN, and I. Z. MacKenzie, MD 


Oxford, England 


The efficacy and side effects of the antiprogesterone RU-38486 in combination with 
prostaglandin E; for early termination of pregnancy are discussed. 


Evaluation of unfavorable histologic subtypes in endometrial 418 
adenocarcinoma 
Timothy O. Wilson, MD, Karl C. Podratz, MD, PhD, Thomas A. Gaffey, MD, 

George D. Malkasian, Jr., MD, Peter C. O’Brien, PhD, and James M. Naessens, MPH 

Rochester, Minnesota 


A retrospective review of unfavorable histologic subtypes (adenosquamous, clear cell, serous 
papillary, and undifferentiated) in endometrial adenocarcinoma is presented, including data 
relating to survival and sites of recurrence. 


Use of serum CA 125 measurement in posttreatment surveillance of 427 
early-stage endometrial carcinoma 

Bruce Patsner, MD, James’ W. Orr, Jr., MD, and William J. Mann, Jr., MD 

Lakeland, Florida, and Stony Brook, New York 


Serum CA 125 levels may have a role in the posttreatment surveillance of patients with 
early-stage endometrial adenocarcinoma. 


Pharmacokinetics of ritodrine administered intravenously: 429 
Recommendations for changes in the current regimen 


Steve N. Caritis, MD, Raman Venkataramanan, PhD, Marilyn J. Darby, MD, Jye Ping Chiao, MS, 
. and Michael Krew, MD 
Pittsburgh, Pennsylvania 


The pharmacokinetics of intravenously administered ritodrine are described and 
_ recommendations are made for changing the current administration regimen. 


A study of combined continuous ethinyl estradiol and norethindrone 438 
acetate for postmenopausal hormone replacement 

- Steven R. Williams, MD, Barbara Frenchek, RN, Theodore Speroff, PhD, and Leon Speroff, MD 

Cleveland, Ohio 


In a blinded, prospective, pilot study, combinations of ethinyl estradiol and norethindrone 
acetate were demonstrated to be effective for the treatment of postmenopausal symptoms and 
maintenance of bone density. 


The effect of aging on hypothalamic function in oophorectomized women ©- 446 
Sam E. Alexander, MD, Sezer Aksel, MD, Julie M. Hazelton, BS, Richard’ R. Yeoman, PhD, and 

Shannon M. Gilmore, MD 

Mobile, Alabama 


Gonadotropin pulse characteristics are unchanged with aging in oophorectomized women, 
which suggests that ovarian failure is the primary determinant of loss of ovarian function at 
menopause. 
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Conservative management of cervical pregnancy with subsequent fertility 
Kevin E. Bachus, MD, Diane Stone, MD, Bo Suh, MD, and David Thickman, MD 
Denver, Colorado 


Conservative management of cervical pregnancy is an effective approach in preserving 
fertility. 


intractable venous sacral hemorrhage: Use of stainless steel thumbtacks 
to obtain hemostasis 


Bruce Patsner, MD, and James W. Orr, Jr., MD 
Lakeland, Florida 


Stainless steel thumbtacks are used to control venous sacral hemorrhage. 


Short self-retaining trocar sleeves for laparoscopic surgery 
Harry Reich, MD, and Fran McGlynn, CRNP, MS . 
Kingston, Pennsylvania 


A short self-retaining trocar sleeve for laparoscopic surgery is described. 


The outcome of triplet, quadruplet, and quintuplet pregnancies managed 
in a perinatal unit: Obstetric, neonatal, and follow-up data 

Ron Gonen, MD, Eli Heyman, MD, Elizabeth V. Asztalos, MD, Arne Ohlsson, MD, 

Lynn C. Pitson, MD, Andrew T. Shennan, MB, and John E. Milligan, MD 

Toronto, Ontario, Canada l 


Outcome parameters on 30 multifetal gestations show a perinatal mortality rate of 51.5 per 
1000, survival to discharge of 93%, and no significant major handicaps on follow-up in 98.8% 
of the infants. 


Oligohydramnios in each sac of a triplet gestation caused by 
Motrin—Fulfilling Kock’s postulates 


Donna A. Wiggins, MD, and John P. Elliott, MD 
Phoenix, Arizona 


Motrin was found to cause significant oligohydramnios in each sac of a triplet gestation; a 
cause-and-effect relationship was proved by fulfilling Kock’s postulates. 


First-trimester diagnosis of exencephaly 
Kathleen A. Kennedy, MD, Kenneth J. Flick, RDMS, and Amy S. Thurmond, MD 
Portland, Oregon 


Exencephaly was diagnosed in the first trimester by vaginal ultrasonography, primarily by 
recognition of the absence of structures normally seen by 10 weeks’ gestational age. 


Demonstration of Fabry’s disease deposits in placenta 


Subhash Popli, MD, David J. Leehey, MD, Zelma V. Molnar, MD, PhD, Zeenat M. Nawab, MD, 


and Todd S. Ing, MD 
Hines and Maywood, Illinois 


Fabry’s disease deposits were demonstrated in the placenta of a heterozygous carrier. 
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Patient-recorded domiciliary fetal monitoring 

P. C. Lindsay, MA, MB, BChir, R. Beveridge, Y. Tayob, MA, MRCOG, L. M. Irvine, MRCOG, 
I. D. Vellacott, MRCOG, J. A. Giles, FRCS, MRCOG, S. Y. Hussain, MRCOG, and 

P. M. S. O’Brien, MD, MRCOG 

London, England 


This report of the first and largest series of patient-recorded domiciliary fetal heart traces in 
the management of “at risk” pregnancies appeared to be highly effective and well accepted by 
patients, obstetric nurse-midwives, and obstetricians. 


Epidural analgesia and autonomic hyperreflexia: A case report 
Vern L. Katz, MD, John M. Thorp, Jr., MD, and Robert C. Cefalo, MD, PhD 
Chapel Hill, North Carolina 


Epidural analgesia was successful in ameliorating autonomic hyperreflexia in a paraplegic 
woman in labor. 


Spontaneous resolution of Cushing’s syndrome after pregnancy 
David C. Aron, MD, Adrian M. Schnall, MD, and Leslie R. Sheeler, MD i 
Cleveland, Ohio 


Exacerbation of hypercortisolism occurred during pregnancy, and resolution was seen after 
termination of pregnancy in Cushing’s syndrome. 


Insulin-dependent diabetes mellitus associated with danazol 


David B. Seifer, MD, Lisa N. Freedman, MD, Johanna R. Cavender, MD, and Rebecca A. Baker, MD 


Syracuse, New York 


In a young woman, insulin-dependent diabetes mellitus developed 8 weeks after initiation of 
danazol therapy and subsided after discontinuation of danazol. 


Perinatal factors associated with the respiratory distress syndrome 

Heather Bryan, MD, Peter Hawrylyshyn, MD, Sheilah Hogg-Johnson, MMath, Susan Inwood, RN, 
Allen Finley, MD, Mario D’Costa, PhD, and Mary Chipman, MA 

Toronto, Ontario, Canada 


Vaginal delivery and advancing gestational age were the most significant factors associated 
with a decreased incidence of respiratory distress syndrome after conservative management of 
premature rupture of membranes. 


The effect of disopyramide on uterine contractions during pregnancy 
Ofer P. Tadmor, MD, Andre Keren, MD, Dani Rosenak, MD, Michael Gal, MD, 


Michael Shaia, MD, Eliezer Hornstein, MD, Haim Yaffe, MD, Eran Graff, MD, Shlomo Stern, MD 


and Yoram Z. Diamant, MD 
Jerusalem and Tel Aviv, Israel 


Disopyramide should not be used in pregnancy for antiarrhythmic purposes because it may 
induce uterine contractions and delivery. 
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Symptoms that precede preterm labor and preterm premature rupture of 486 
the membranes 

Jay D. Jams, MD, Rebecca Stilson, RN, BSN, MD, Frances F. Johnson, RN, BSN, 

Ruth A. Williams, RN, BSN, and Robert Rice, PhD . 

Columbus, Ohio 


Women with preterm labor had increased vaginal discharge, pelvic pressure, backache, uterine 
contractions, and cramps significantly more often than did women with preterm ruptured 
membranes and normal pregnant women. 


Macrosonmiia: Influence of maternal overweight among a low-income 490 
population 

` Christine E. Larsen, MD, MS, Mary K. Serdula, MD, MPH, and Kevin M. Sullivan, MPH 
Atlanta, Georgia 


Pregravid overweight was associated with a 17% prevalence of macrosomia and had an 
independent effect on birth weight after adjustment for sociodemographic factors and smoking 
status. 


I CURRENT INVESTIGATION 


Cytogenetic results of chorionic villus sampling: High success rate and 495 
diagnostic accuracy in the United States collaborative study 

David H. Ledbetter, PhD, Alice O. Martin, PhD, Yury Verlinsky, PhD, Eugene Pergament, MD, PhD, 
Laird Jackson, MD, Teresa Yang-Feng, PhD, Steven A. Schonberg, PhD, Fred Gilbert, MD, 

Julia M. Zachary, Marie Barr, Karen L. Copeland, Miriam S. DiMaio, Beth Fine, Barbara Rosinsky, 
Jane Schuette, Felix F. de la Cruz, MD, Robert J. Desnick, MD, PhD, Sherman Elias, MD, 

Mitchell S. Golbus, MD, James D. Goldberg, MD, Herbert A. Lubs, MD, Maurice J. Mahoney, MD, 
George G. Rhoads, MD, Joe Leigh Simpson, MD, and Sarah E. Schlesselman, PhD 

Houston, Texas, Chicago, Illinois, Philadelphia, Pennsylvania, New Haven, Connecticut, 

San Francisco, California, New York, New York, Washington, D.C., Bethesda, Maryland, 

and Miami, Florida 


Cytogenetic analysis of 6033 chorionic villus samples from seven centers showed a 99.6% 
diagnostic success rate and no diagnostic errors involving common aneuploidies. 


W Current Development 


The antiestrogenic effect of cigarette smoking in women 502 
John A. Baron, MD, Carlo La Vecchia, MD, and Fabio Levi, MD 
Hanover, New Hampshire, Milan, Italy, and Lausanne, Switzerland 


Laboratory and epidemiologic data indicate that women who smoke cigarettes are relatively 
estrogen-deficient 
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Immunohistologic evidence that villitis in human normal term placentas is 515 
an immunologic lesion 
Carlos A. Labarrere, MD, John A. McIntyre, PhD, and W. Page Faulk, MD 


Indianapolis, Indiana 


Immunohistologic studies of chronic villitis of unestablished cause in normal placentas 
revealed activated macrophages, helper T lymphocytes, deposits of coagulation factors, and 
damaged endothelium. 


Orosomucoid in human pregnancy serum diminishes bioavailability of the 523 
progesterone antagonist RU 486 in rats 

Kenneth A. Steingold, MD, Dennis W. Matt, PhD, Lavenya Dua, MD, Ted L. Anderson, PhD, and 

Gary D. Hodgen, PhD 

Richmond and Norfolk, Virginia 


The uptake of progesterone antagonist RU 486 by rat uterus and liver was diminished by 
orosomucoid, suggesting this protein may affect RU 486 bioactivity. ` 


Detection of platelet-activating factor in amniotic fluid of complicated 525 
pregnancies 

Dennis R. Hoffman, PhD, Roberto Romero, MD, and John M. Johnston, PhD 

Dallas, Texas, and New Haven, Connecticut 


Amniotic fluid concentrations of PAF (l-alkyl-2-acetyl-sn-glycero-3-phosphocholine) are 
elevated in women with preterm labor and premature rupture of membranes. 


Pregnancy increases cardiovascular toxicity to cocaine 529 
James R. Woods, Jr., MD, and Mark A. Plessinger, MS ; 
Rochester, New York 


This study, which demonstrated that pregnant sheep are more sensitive to the cardiovascular 
effects of cocaine than nonpregnant sheep, suggests that pregnant women may be at increased 
risk of cocaine-related cardiac or vascular-complications if they continue cocaine abuse during 
pregnancy. 


Induction of class II major histocompatibility complex antigen expression 534 
in human granulosa cells by interferon gamma: A potential mechanism 
contributing to autoimmune ovarian failure 


Joseph A. Hill, MD, William R. Welch, MD, Heidi M. P. Faris, BS, and 
Deborah J. Anderson, PhD 
Boston, Massachusetts 


Class II major histocompatibility.complex antigen induction in granulosa cells by the 
lymphokine interferon gamma may be a mechanism contributing to autoimmune oophoritis. 


Direct determination of the ovine fetal umbilical artery blood flow — 541 
waveform 
Glenn L. Irion, PhD, and Kenneth E. Clark, PhD 


Cincinnati, Ohio 


Systolic/diastolic ratios measured directly from the common umbilical artery of ovine fetuses 
with transit-time Doppler flow probes decreased with gestation and were significantly 
correlated with umbilical blood flow and resistance of the fetoplacental vascular bed. 
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Placental transfer of indomethacin in the human pregnancy ` 549 
Kenneth J. Moise, Jr., MD, Ching-Nan Ou, PhD, Brian Kirshon, MD, Lorraine E. Cano, RN, BSN, 

Cheryl Rognerud, MT(ASCP), MS, and Robert J. Carpenter, Jr., MD 

Houston, Texas 


Paired human maternal and fetal indomethacin levels measured at a variety of gestational 
ages were found to be approximately equal 6 hours after maternal ingestion. 


Transcapillary fluid dynamics during ovarian stimulation for in vitro 554 
fertilization 
Anne Tollan, MD, Nicolai Holst, MD, Finn Forsdahl, MD, Hans Olav Fadnes, MD, PhD, 


Pal Øian, MD, PhD, and Jan M. Maltau, MD, PhD 
Troms¢ , Norway 


Fluid retention and increased fluid transport from intravascular to extravascular compartment 


is observed during ovarian stimulation for in vitro fertilization, probably as a result of 
increased capillary protein permeability. 


Nuchal muscle activity at different levels of hypoxemia in fetal sheep 559 
Bouke R. Woudstra, MD, Jan G. Aarnoudse, MD, PhD, Ben T. H. M. de Wolf, and 

Willem G. Zijlstra, MD, PhD 

Groningen, The Netherlands 


Gross body movements are sensitive to changes in oxygenation in fetal sheep, especially when 
the arterial oxygen levels change abruptly. 


SYMPOSIUM ON NAFARELIN IN THE MANAGEMENT OF 
ENDOMETRIOSIS 





Etiology and epidemiology of endometriosis 565 
Robert L. Barbieri, MD 
Boston, Massachusetts 


Evidence suggests that endometriosis occurs in 1% to 7% of women in the United States; the 
cause of the disease is associated with mechanical factors or estrogen production. 


Diagnosis and clinical presentation of endometriosis 568 
G. David Adamson, MD 
Palo Alto, California 


A definitive diagnosis of endometriosis can be established only by direct visualization, usually 
laparoscopy; in some cases biopsy may be necessary. 


Efficacy and safety of nafarelin in the treatment of endometriosis 570 
Milan R. Henzl, MD, PhD, and Long Kwei, PhD 
Palo Alto, California 


Two large-scale trials have shown that nafarelin is as effective as danazol for the management 
of endometriosis, with a more favorable safety profile. 
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Nafarelin in the treatment of pelvic pain caused by endometriosis 
Robert W. Shaw, MD 
London, United Kingdom 


Nafarelin improved symptoms sach a as E E SR ERREN and pelvic pain in-94% of 
women with endometriosis who received the drug. . 


Nafarelin i in 1 the treatment of infertility caused by endometriosis 
David H. Barlow, MD ‘ . 
Oxford, United Kingdom 


In women with infertility caused by idomiai nafárelin therapy ‘may be associated with : 


fecundity rates as low as those s seen. after surgical i intervention. 


Gonadotropin-releasing hormone analogs in the treatment of a 
endometriomas A tate 
Robert S. Schenken, MD ` ae eg 

San Antonio, Texas . : : y ER 


Gonadotropin-releasing hormone analogs appear to offer sient degree of efficacy in the 
management. of patients, with ovarian endometriomas. ` i : 
Comparison of the pharmacology o nafarelin and danazol g 
Robert L. Barbieri, MD oe ; 

Boston, Massachusetts’ 


Differences i in the molecular, endocrine, aa clinical pharmacologies of nafarelin and danazol l 


may provide clues to their varying effects i in the treatment of endometriosis. ` 


Nafarelin veris danazol in the T NEE of endometriosis 
Rune Rolland, MD, PhD, and P. F. M. van der Heijden, MD 
Nijmegen, The Netherlands i 


A multicenter study comparing the effects of nafarelin and danazol in the treatment of 
-endometriosis has shown the two drugs to be. -equally effective. 4 


Effects of nafarelin versus danazol on. ne and coum metabolism 
Christer Bergquist, MD - ‘ 
Falun, Sweden 


Nafarelin seems to be'a good alternative to other-medications for the treatment of - 
endometriosis and has an acceptable side effect profile, including metabolic effects. ` 


Effects of nafarelin on bone density 
Jan B. Jacobson, MD _ 
Södertälje, Sweden 


Although high-dose nafarelin therapy decreases bone mineral levels, the effect is reversible 
‘after treatment and may be prevented with the concurrent administration of-norethindrone.. 


16A 


574 


576 


579 


681 


586 


589 


591 


Contents 








Gonadotropin-releasing hormone agonists and estrogen-progestogen 593 
replacement therapy 


Robert L. Barbieri, MD 
Boston, Massachusetts 


Adding small amounts of estrogen or progestin during therapy with gonadotropin-releasing 
hormone agonists may help prevent bone changes. 


CORRESPONDENCE 


Calculation of fetoplacental volume Kenneth J. Moise, Jr., MD Houston, Texas 596 











Results of ultrasonography not in agreement Zvi Weinraub, MD, Abraham Golan, MD, Ian Bukovsky, MD, and 
Eliahu Caspi, MD Zerifin, Israel 596 


Is sampling technique beneficial to fetus? Roger R. Lenke, MD, and T. Clifford Deveny, MD Denver, Colorado, and 
Toledo, Ohio 597 


Reply Angela L. Scioscia, MD, Peter A. T. Grannum, MD, Joshua A. Copel, MD, and John C. Hobbins, MD 
San Diego, California, and New Haven, Connecticut 597 


Reliance on central venous pressure with regard to fluid management in preeclampsia deemed 
dangerous Steven L. Clark, MD Provo, Utah 598 


Evaluation of hysteroscopic management of the septate uterus C. W. Simpson, MD Saskatoon, Saskatchewan, 
Canada 598 f 


Antepartum ultrasonic diagnosis of cord presóntatión Marco A. Pelosi, MD Bayonne, New Jersey 599 

Need for plasma volume estimation Robert C. Goodlin, MD Doner, Colorado 601 

Pulmonary artery catheterization in severe preeclampsia Robert C. Goodlin, MD Denver, Colorado 602 
Reply Steven L. Clark, MD, and David B. Cotton, MD Houston, Texas 602 


Caution regarding fetal acoustic stimulation in oligohydramnios Moshe Menashe, MD, and 
David M. Sherer, MD Jerusalem, Israel, and Rochester, New York 603 


Reply I. Ingemarsson, MD, PhD, and S. Arulkumaran, MD Lund, Sweden 603 


A nested case-control study of oxytocin and sudden infant death syndrome Jess F. Kraus, PhD, 
Marc Bulterys, MD, and Sander Greenland, DrPH Los Angeles, California 604 


Effects of relaxin on calcium concentrations Roger Charles Young, MD, PhD Charleston, South Carolina 605 
Reply Laura T. Goldsmith, PhD Newark, New Jersey 605 

Cesarean salpingectomy rare but not first Marco A. Pelosi, MD Bayonne, New Jersey 605 

Use of aideidn in pregnancy Julian E. De Lia, MD, and Maurice G. Emery, Jr., PharmD Salt Lake City, Utah 606 
Reply Car] P. Weiner, MD Iowa City, Iowa 607 


Feedback mechanism of human chorionic gonadotropin secretion J. S. E. Dericks-Tan, PhD, and 
H. -D. Taubert, MD Frankfurt, Federal Republic of Germany 608 
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Changes in gynecologic cancer staging by the International Federation of 610 
Gynecology and Obstetrics 
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The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 


average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 
legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required |-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should be adjusted 
accordingly. 


duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

< In the Comment section state the importance and 
significance of your findings but do not repeat the details 
“given in the Results section. Limit your opinions to those 
-strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
‘format of the “Uniform Requirements for Manuscripts 


Submitted to Biomedical Journals” (Vancouver style) (Ann 


': Intern Med 1988;108:258-65). Journal titles should con- 


- form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Booxs: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
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ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 

For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from. this 
standard, please so indicate when the material is submit- 
ted. The top, first author’s last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering - 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. [f a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 














manuscript ‘and the pages must be numbered in 






sequence after the references. Titles should be included in < 


the legend, not on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and. complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 





-Current  Dercopnant Limit of 6000 words. Include ; 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. If the 
original author does not respond, a notation indicating 
“Response declined” will be published. As space for letters 
is limited, only a selection of letters submitted may be 
published. (2) A brief case presentation or a short report of 
a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
should be typed double-spaced. The original and a good 
photocopy must be submitted. Letters should be sent to Dr. 
Zuspan. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, The C.V. Mosby 
Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
The C.V, Mosby Company, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318, or call Journal Adver- 
tising Production Manager (314) 872-8370. 
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"Both the checklist and the copyright statement forms must be completed and sent with each 
‘submitted manuscript. If net completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 


—The original and two copies of the manuscript are sub- 
mitted. 

-—The appropriate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
“manuscript. 


Three sets of unmounted glossy photographic prints are 


`: submitted, properly numbered and labeled on the back of 
each print. 

_—-Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

—Human experimentation has been approved by the local 
institution as stated in the Methods section. 

—-Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 


_ «The covering letter with essential information is with the 


` manuscript. 

~All elements of the manuscript are typed double-spaced 

“on bond paper with I-inch margins at top, bottom, and 
sides. 

—All pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

——In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—4In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any co-authors that might pose a conflict of interest is 
described. 


Previous publications 
Enclosed with the submitted manuscript are two reprints 
each of articles the author or co-authors have previously 
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published or have in manuscript form dealing with same 
patients, same animals, same laboratory experiment, or 
same data, in part or in full, as those reported in the 
submitted manuscript. Further explanation is provided in 
the covering letter that accompanies the submitted 
manuscript. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title 

—Author(s) name(s) and highest academic degree(s) 

—City(ies), state(s), and country other than U.S. in which 
the study was conducted are given 

—The name(s) of the institution(s) section(s), division{s), 
department(s) in which the study was performed is pro- 
vided and the author(s) institutional affiliation at the time 
of the study is indicated 

—Acknowledgment of financial support is cited 

—Name, address, and business and home telephone num- ~ 
bers of author to whom requests for reprints are to be sent 

—Reprints will not be available. This has been stated on the 
title page 

—-Since the corresponding author is different from the au- 
thor to whom reprint requests are to be sent, his/her 
name, address, and business and home telephone num- 
bers have been added 

—At the bottom of the page, a running head. not exceed 
ing 52 characters (including word spaces) has. been 


typed 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract 

—The abstract is typed double-spaced with required mar- 
gins (on page 3) headed by the title and the author(s) 
name, not exceeding 150 words. For case reports and 
brief communications the limit of 50 words. is not ex- 
ceeded. 

—Three to five key words or short phrases are placed be- 
neath the abstract on page 3. 


Tables 

-—Each table headed by a caption and numbered in Roman 
numerals is typed double-spaced on a separate page. 

—Tables are cited in sequence in the text. 































The format of the “Uniform Requirements for Manu- 





Figures. oe oe me 

—Are numbered in Arabic numerals and are cited in nu- -scripts Submitted to Biomedical Journals” is used. Ex- 
merical sequence in the text. amples shown in Information for Authors were followed. 

—Original transparencies of color photographs appropri- —Abstracts, personal communications, and unpublished 
ately numbered and identified are submitted along with work are not used as numbered references. but are men- 
two sets of unmounted prints on glossy paper, numbered tioned in the text with the written approval of the person 
and identified on the back. being quoted and the signed approval is enclosed. 

References 


—Are typed double-spaced. 
-~Are numbered consecutively in the order they are cited 
in the text. 
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Clinical Opinion 


Clinical guides to preventing ethical conflicts between pregnant 


women and their physicians 


Frank A, Chervenak, MD, and Laurence B. McCullough, PhD** 


New York, New York, and Houston, Texas 


We provide a justification for preventive ethics in obstetric practice. Four clinical guides to resolving ethical 
conflicts between pregnant women and their physicians can be identified: (1) informed consent as an 
ongoing dialogue between the pregnant woman and her physician, (2) negotiation as a clinical strategy, (3) 
respectful persuasion as a Clinical strategy, and (4) the proper use of ethics committees. (Am J OBSTET 


GYNECOL 1990;162:303-7.) 


Key words: Informed consent, maternal-fetal conflict 


Recently, much attention has been focused on ethical 
conflicts between pregnant women and their physi- 
cians. One approach to obstetric ethics is that in vir- 
tually all cases such conflicts should be resolved by the 
woman’s autonomous decisions about the management 
of her pregnancy.'* As a consequence, court orders 
for obstetric intervention are not to be sought even if 
the outcome of refusal of obstetric intervention is a 
preventable fetal death. 

On such a view, the physician is essentially an agent 
of the patient’s autonomy. Because clinical judgment is 
completely subservient to patient autonomy, indepen- 
dent clinical judgments about the best ‘interests of the 
pregnant woman and the fetus play no reliable role in 
resolving ethical conflict. This is because clinical judg- 
ment involves “unwarranted faith” in its validity and 
is subject to disagreement and error. A statement by 
Annas* summarizes this view succintly: “In the face of 
such uncertainty—uncertainty compounded by de- 
cades of changing and conflicting expert opinion on 
the management of pregnancy and childbirth—the 
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moral and legal primacy of the competent, informed 
pregnant woman in decision making is overwhelming.” 

There is an alternative approach to obstetric ethics, 
which has been defended by us, in which respect for 
maternal autonomy is not an absolute ethical prin- 
ciple.*® It underscores the significance of well-founded 
clinical judgment about the best interests of patients by 
arguing for the equal status of beneficence-based and 
autonomy-based obligations in obstetric ethics. When 
there is a conflict among these obligations, respect for 
maternal autonomy is not always overriding. Instead, 
a judgment must be made about how to balance obli- 
gations against each other.® © Nonetheless, this ap- 
proach concludes that court-ordered interventions are 
difficult to justify in most cases,’ which is in agreement 
in almost all cases with the approach to obstetric ethics 
that emphasizes maternal autonomy." The distinctive 
feature of our approach is that on its basis, preventive 
ethics, i.e., ethically justified, clinically based strategies 
to avoid patient-physician conflict, emerges to promi- 
nence in obstetric practice. 

Virtually all recent ethical and legal analyses of con- 
flict resolution between pregnant women and their 
physicians have applied an acute care model of ethical 
decision-making to a care setting that extends over 
many months. From a long-term clinical perspective, 
one can appreciate that possible ethical conflicts in ob- 
stetric practice can be identified and discussed with the 
pregnant woman in advance. In this way the possibility 
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of preventing ethical conflict becomes the primary con- 
sideration rather than reacting to preventable conflict 
after it occurs, often in situations in which there is fre- 
quently inadequate time for thoughtful and mutually 
respectful discussion. 

On the basis of preventive ethics, four clinical guides 
to resolving ethical conflict between pregnant women 
and their physicians can be identified: (1) informed 
consent as an ongoing dialogue between the pregnant 
woman and her physician, (2) negotiation as a clinical 
strategy, (3) respectful persuasion as a clinical strategy, 
and, (4) the proper use of ethics committees. 


informed consent as an ongoing dialogue 


As in the case of advance directives for critical care, 
the informed consent process—undertaken over time 
and in anticipation of potential ethically conflicting 
decisions—is the basic strategy of preventive ethics.* ° 
We will elaborate this process by referring to the three 
elements of informed consent: (1) disclosing an ade- 
quate amount of information, (2) understanding of that 
information by the pregnant woman, and (3) making 
a voluntary decision by the pregnant woman.'° 

Disclosing an adequate amount of information. The 
first step in any informed consent process is providing 
the patient with an adequate information base. In rou- 
tine pregnancies the pregnant woman needs to be made 
aware of a number of factual matters. The basis on 
which we have identified the following items is that each 
involves a built-in potential for significant ethical con- 
flict. From the perspective of preventive ethics, this 
consideration overrides objections that the physician 
need not inform all pregnent women about them. 
Moreover, informing women about them enhances 
their autonomy and their ongoing role in preventive 
ethics. Any adverse psychological reactions can be ad- 
dressed over time, with far greater confidence about 
their successful alleviation than occurs in the midst of 
unanticipated obstetric crises. To disclose the possibility 
of such events occurring is directly analagous to the 
routine announcements of airline personnel of pro- 
cedures to be followed in case of an emergency. There 
is no evidence that would cause one to think that such 
routine warnings produce unmanageable psychological 
stress. Interestingly, the frequency of these events in 
air travel is far less than that of items we now describe. 

First, the woman should be given information about 
the variable but substantial rate of cesarean section in 
the United States, in the hospital in which she will be 
delivered, as well as the physician’s rate of performing 
cesarean section.’ The physician should also explain 
his or her beliefs on certain obstetric practices, such as 
repeat cesarean section and breech delivery. 

Second, the physician should explain that fetal anom- 
alies occur in about 3% of live-born infants’? and that 
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certain diagnostic tests, including ultrasonography, 
maternal serum «-fetoprotein screening, chorionic vil- 
lus sampling, and amniocentesis, exist. The benefits 
and harms of these procedures to the pregnant woman 
and to the fetus-should be explained.” The physician 
should explain that while some fetal anomalies might 
be detected by these methods, some might not. 

Third, the physician should explain that intelligence 
is a multifactorial trait and that even optimal obstetric 
care cannot guarantee normal intelligence or even free- 
dom from central nervous system defects such as ce- 
rebral palsy. 

Fourth, the pregnant woman needs to be made aware 
that a routine pregnancy can become a high-risk preg- 
nancy quickly and without warning as, for example, in 
the case of premature rupture of membranes or pre- 
mature labor. Should this occur, the woman may rap- 
idly confront a series of complex and agonizing deci- 
sions. 

Fifth, for women who are considering a delivery at 
home, there should be an objective presentation of the 
benefits and harms of this mode of delivery and need 
for backup, should untoward events occur. 

Sixth, the woman should be made aware of the legal 
right to an abortion. The precise gestational age at 
which abortion is effectively unavailable will vary from 
state to state; information about practices in the local 
area should be provided. 

Providing the patient with an adequate information 
base is not limited to routine pregnancies but also ap- 
plies to clinical settings in which complications might 
arise. For example, if preterm labor occurs that is ar- 
rested with tocolysis, there should be a plan for mode 
of delivery in case the tocolysis subsequently fails. 

Although this disclosure of information primarily 
serves autonomy-based obligations to the pregnant 
woman, beneficience-based obligations are not absent. 
Information about adverse outcomes should be pre- 
sented in a sensitive and supportive manner so as to 
minimize trauma to the pregnant woman. 

This information should be disclosed at a level and 
at a pace appropriate to the intellectual capacity of 
the woman to understand it. We caution against un- 
derestimating this capacity in pregnant women. For 
non-English-speaking patients a competent translator 
should be provided at this and the next two stages of 
the informed consent process. | 

Understanding the information disclosed. The sec- 
ond stage of the informed consent process involves the 
patient, with the assistance of the physician as necessary, 
in assessing the information in terms of her values and - 
beliefs. The goal should be to assist the patient to ar- 
ticulate, over time, a value-based framework for the 
management of her pregnancy that makes sense to her. 
The focus at this stage should not be on particular . 
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decisions but rather should be on the woman’s expec- 
tations, hopes, and plans for this pregnancy. We believe 
that there is far greater likelihood of common com- 
mitment at this value-based level between the preg- 
nant woman and the physician than there might be 
if potentially conflicting decisions were the initial 
focus. Common commitments lay the foundation for a 
patient-physician relationship that is meaningful and 
rewarding for both parties. This positive benefit of the 
informed consent process has been overlooked by the 
approach to obstetric ethics emphasizing maternal au- 
tonomy. A central value-related concern that must be 
addressed by the pregnant woman, one that appro- 
priately shapes her understanding about pregnancy, is 
that when the pregnancy is going to go to term the 
fetus is also a patient. Pregnant women need to un- 
derstand the ethical implications of this. 

Two such implications are inescapable. First, the 
woman incurs beneficience-based ethical obligations to 
the fetus as a patient.* ° These ethical obligations are 


variable and do not translate readily into legal obliga- ` 


tions, a fact of which the woman should be made aware. 
These are directly parallel to the beneficience-based 


obligations of the physician to the fetus as a patient. 


Acknowledging this common moral ground is an in- 
dispensable step in this second stage of informed 
consent. 

The second implication is that these beneficience- 
based obligations may appropriately place ethical limits 
on the exercise of her autonomy and on the relative 
weight that her physician appropriately places on his 
or her beneficience-based and autonomy-based obli- 
gations to the pregnant woman.*° These two implica- 
tions together make obstetric practice and obstetric 

‘ decision-making by pregnant women and their physi- 
cians ethically unique in medicine. 

The goals of this stage of the informed consent pro- 
cess are to assist the pregnant woman to articulate in 
as clear and coherent a fashion as possible her values 
and beliefs, to identify areas of shared values and com- 
mitments between the patient and the physician, to ac- 
knowledge differences, and to negotiate a general 
framework within which those differences can be man- 
aged in a mutually respectful fashion. ` 

Making a voluntary decision by the pregnant 
woman. The third stage of the informed consent pro- 
cess involves the pregnant woman in making voluntary 
decisions about obstetric care when the need for specific 
decisions arises. “Voluntary” means uncoerced and free 
of controlling influences.” A process of arriving at a 
carefully considered, explicit, value-based preference 
increases the likelihood of a voluntary decision occur- 
ring in a crisis. It is certainly part of this process, if the 
physician disagrees, after the woman has expressed her 
value-based preference, for the physician to recom- 
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mend other approaches and to explain the values that 
support them. This opens the opportunity for nego- 
tiation about differences in terms of underlying values 
and beliefs that justify them. 


Negotiation as a clinical strategy 


Negotiation as a clinical strategy builds directly on 
informed consent. Indeed, in the absence of ongoing 
informed consent, this strategy is likely to be much 
more difficult to implement, especially in a crisis. 

Negotiation involves an ongoing dialogue in which a 
zero-sum game is not being played, as would be the 
case, apparently, in the approach to obstetric ethics em- 
phasizing maternal autonomy. A zero-sum game means 
that every advantage gained by one party occurs at the 
expense of or disadvantage to the other party. We spec- 
ulate that thinking in terms of a zero-sum game leads 
directly from conflict between the pregnant woman and 
her physician to subservience to her autonomy, thus 
obscuring the intermediate step of negotiation. 

Negotiation that focuses primarily on values and be- 
liefs and then on their implications for shared clinical 
decisions permits agreement on common values and 
mutual respect for different values and beliefs. In ad- 
dition, negotiation is open to a key feature of moral 
reasoning, namely, that even strikingly different values 
and beliefs can often lead to a consensus about how 
one should act." 

This analysis of negotiation indicates that common 
grounds between the pregnant woman and physician 
can frequently be found, something that may never be 
discovered if the two parties focus only on the conflict 
between differing decisions and on who will win the 
conflict. On the basis of this common ground, an at- 
mosphere of good will and mutual respect can be fos- 
tered, thereby creating a context that encourages ne- 
gotiation as a strategy for conflict resolution. An ex- 
ample would be a physician who recommends cesarean 
section for failure to progress in labor but agrees to 
extend the trial for a specified period on the basis of 
the shared commitment to a healthy outcome of the 
pregnancy for both pregnant woman and fetus. The 
negotiation concerns how to implement underlying val- 
ues and beliefs, not the underlying values and beliefs 
themselves. 


Respectful persuasion as a clinical strategy 


This situation may become more difficult if the 
woman continues to want labor after the specified pe- 
riod has elapsed. At this point or shortly thereafter, 
obstetricians will typically become very uncomfortable 
about permitting labor to continue. In this situation, 
the proability for ethical conflict between the physician 
and the pregnant woman increases. In our view, these 
conflicts will, principally, be of two kinds. 
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First, there can be differing interpretations about 
how to balance beneficience-based obligations to the 
fetus against autonomy-based and beneficience-based 
obligations to the pregnant woman. Second, there can 
be differing interpretations of how best to fulfill 
beneficience-based obligations to the fetus or to the 
pregnant woman. The patient's religiously based beliefs 
may play a role in both types of conflict. Sooner or 
later, however, the physician’s threshold of discomfort 
will be crossed, i.e., when he or she believes that the 
woman’s choice is inconsistent with the beneficience- 
based obligations the physican has to the fetus or to the 
pregnant woman. When the threshold is crossed, it is 
important to recognize that there is a clinical strategy 


that does not involve simply acquiescing to the pregnant 


woman’s decision, namely, respectful persuasion, or an 
attempt to talk the pregnant woman into accepting the 
physician’s recommendation. 

In our view, respectful persuasion involves the phy- 
sician in the following steps: 

1. Remind the woman about previous discussions 
about general issues that may be applied to the 
specific issue at hand. Ideally these should have 
occurred as a part of the ongoing informed con- 
sent process and prior negotiation. 

Explain one’s reasoning for taking the position. 
Explain how other physicians may disagree. 
Explain how one meets these objections. 

Show how the patient’s values and beliefs, includ- 
ing values and beliefs she should reasonably 
adopt,’ support the recommendation. 

6. Urge the patient to-reconsider. l 


oR Oo N 


Identifying these elements of persuasion enables us 
to draw the ethically significant distinction between re- 
speéctful persuasion and disrespectful persuasion. If any 
one or more of conditions 2 through 5 cannot be sat- 
isfied, the physican is engaging in disrespectful per- 
suasion. : 

© Some kinds of medical uncertainty involve partial 
satisfaction of one or more of conditions 2 through 4. 
This type of medical uncertainty is justifiably resolved 
by the exercise of the pregnant woman's autonomy be- 
. cause in these circumstances there is at best only a sub- 
jective, arbitrary clinical impression of a particular phy- 
sician about his or her beneficience-based obligations 
to the fetus or pregnant woman. In the presence of 
this type of uncertainty, only mild efforts at persuasion 
are justified if that persuasion is to remain respectful. 

Another type of medical uncertainty occurs when 
conditions 2 through 4 can be satisfied completely 
or nearly so. In this circumstance it is possible for 
the physician to give a well-founded account of 
beneficience-based obligations to the fetus or pregnant 
woman. It is also possible for the pregnant woman to 
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come to a competing account on these matters, on the 
basis of her values and beliefs. In these cases autonomy- 
based obligations may not always be ethically overriding 
because in some cases there can be beneficience-based 
obligations to the fetus of potentially equal, or even 
greater, weight than autonomy-based obligations to the 
pregnant woman. 

We have in mind here the case of well-documented 
complete placenta previa at term and a woman’s re- 
luctance to accept cesarean section. The risks to the 
pregnant woman of cesarean section are, for the most 
part, not life-threatening and are reversible. Indeed, 
cesarean section reduces the risks of maternal mortality 
dramatically. The harms to the fetus of an attempted 
vaginal delivery are life-threatening and irreversible 
and are virtually eliminated by cesarean section. More- 
over, as pointed out earlier, a preventive ethics strategy 
would have included a discussion with the pregnant 
woman of her beneficience-based ethical obligations to 
the fetus as a patient and that those obligations bind 
her now and should shape her values and beliefs. When 
there is such a clear-cut balance in favor of beneficience- 
based obligations to the fetus, persistent efforts at per- 
suasion count as respectful persuasion. 


The proper use of ethics committees 


We believe that ethics committees can be useful for- 
ums for discussion of ethical conflict in obstetric care’; 
however, they can appear to patients as inherently coer- 
cive mechanisms unless they are utilized carefully. For 
the first type of medical uncertainty identified in the 
previous section the use of ethics committees is unnec- 
essary because there is already an adequate and justified 
conflict resolution strategy, respect for the pregnant 
woman’s autonomy. This implies that ethics committees 
should be considered only in response to the second 
type of medical uncertainty. To prevent the patient 
from perceiving a committee as potentially coercive, she 
should be invited to participate in all of the delibera- 
tions about her case. The virtue of this strategy is that 
it permits the frank discussion of conflict without simply 
acquiescing to her autonomy while, at the same time, 
it reinforces at an institutional level respect for each 
pregnant woman’s autonomy. 


Advantages of preventive ethics 


There are a number of important advantages to the 
preventive-ethics approach to conflict resolution in ob- 
stetric care. . 

First, the primary focus of preventive ethics is on 
underlying values and beliefs of both parties rather 
than specific decisions, as others have pointed out in 
other ethically conflictual contexts in health care.'® 
There is a greater likelihood of discovering areas of 
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commonality and negotiating disagreements if values 
and beliefs are the starting point of the informed con- 
sent process rather than being specific decisions. 
Second, this approach reduces the emotional stress 
and ethical risks of decision-making in emergent situ- 


ations wherein the pregnant woman is at risk for ex- . 
periencing all at once the unexpected burdens of - 


beneficience-based obligations to the fetus as a patient. 


The role of the pregnant woman as the moral fiduciary - 


of her fetus is ethically complex in itself as are also its 
ethical implications for the patient-physician relation- 
ship.’ Complex matters require time and reflection if 
they are to be managed successfully and are therefore 
at high risk for being badly managed ïn a rush. 
Third, preventive ethics focuses the patient- 
physician relationship on underlying matters of deep 


significance to both parties. It thus furthers the aim of 


humanizing obstetric care by avoiding the steering of 
women’s choices under a false banner of respect for 
autonomy. This can occur, for example, when the phy- 
sician offers cesarean section as a valid alternative when 
it is not indicated. Respect for autonomy does not create 
a positive obligation on the physician’s part to perform 
risky medical and surgical procedures when they are 
not indicated. Flying such a false banner of autonomy 


becomes even more ethically troublesome when the -. 


physician’s real motivations are ‘those of mere self- 
interest. ‘ 

Fourth, as is true for all preventive: strategies, it is 
hoped that preventive ethics in this context will reduce 
the incidence of ethical conflicts, especially unresolved 
ethical conflicts. This should significantly reduce the 
need to resort to court orders. 

Finally, a preventive ethics approach will enhance the 


opportunity for. the early detection of irreconcilable © 


value-based differences between a particular pregnant 
woman and a particular physician. In these cases the 
physician will have ample time and opportunity to help 


the pregnant woman find a.physician whose values are ` 


more compatible with her own.and arrange for the 


transfer of her care with a minimum of bad feelings’ 


and a maximum of mutual respect, if either decides to 
end the relationship. te 

In conclusion, resorting to court brdérs: to resolve: 
ethical conflicts between a pregnant woman and her 
physician signals a profound breakdown in commu- 
nication and mutual trust in thé patient-physician re- 
lationship. The approach to obstetric ethics that em- 
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phasizes maternal autonomy offers as an alternative 
‘only acquiescence to the pregnant woman’s decisions, 
even if her physician takes serious, well-founded ethical 


` . objections to them. Our approach to obstetric ethics 


acknowledges the possible ethical legitimacy of such 
objection. It does so by providing an alternative to court 
orders that places the pregnant woman and her phy- 
sician on equal ethical footing. This approach is there- 
fore unique in its ability to provide the foundation of, 
and describe in detail, preveritive ethics in obstetric 
practice. 
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Uterine large granular lymphocytes: A possible role in 


embryonic implantation? 


Ashley King, MA, MRCP, and Y. W. Loke, MA, MD 
Cambridge, England 


Leukocytes in endometrium and decidua are phenotypically and morphologically similar to granulated 
lymphocytes at other mucosal surfaces. Although their exact functions are not known, we suggest they 
may have a role in the control of implantation and the transformation of the uterine vasculature by 
trophoblast on which the blood supply to the fetoplacental unit depends. (Am J OBSTET GYNECOL 


1990;162:308-10.) 


Key words: Large granular lymphocytes, natural killer (NK) cells, mucosal immunity, 


trophoblast, embryonic implantation 


The presence of abundant leukocytes in both preg- 
nant and nonpregnant endometrium and decidua has 
long been recognized. Boyd,’ in his classic monograph 
on the placenta, described “lymphocyte-like cells” in the 
uterine lining and European histopathologists of the 
early twentieth century coined the term endometrial 
granulocytes for these cells.? The availability of mono- 
clonal antibodies to leukocyte surface markers has 
made more detailed characterization possible. It is now 
generally agreed that the predominant leukocyte pop- 
ulation in nonpregnant endometrium and decidua be- 
long to the family of large granular lymphocytes, ac- 
counting for about 70% of the total, with the remainder 
being HLA-DR-positive macrophages (~20%) and 
mature CD3-positive T cells (~10%).** Very few B cells 
are found. These uterine large granular lymphocytes 
express prethymic T-lineage markers such as CD2 and 
CD7 but not the more mature ones like that of the T 
cell receptor—associated CD83 or the peripheral T cell 
marker CD5. Therefore, they appear not to have been 
processed by the thymus and would not be expected to 
have the ability to distinguish between self and nonself 
or to have rearrangement of the T cell antigen receptor 
a- and ®-genes. An additional feature of these cells is 
that they are stained strongly by Leu 19, a marker used 
for the identification of peripheral blood large granular 
lymphocytes, but they do not express other natural 
killer (NK) markers such as CD16 or Leu 7.°° Thus 
uterine large granular lymphocytes appear to corre- 
spond to a small subset (~2%) of peripheral blood large 
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granular lymphocytes that also have the same pheno- 
type being CD3 negative, CD16 negative, CD5 negative, 
CD2 positive, CD7 positive, and are designated Leu 
1 Qbright 6 : 

By histologic study of the endometrium in different 
stages of the menstrual cycle it has been shown that 
uterine large granular lymphocytes greatly increase in 
number around the sixth postovulatory day, the time 
at which implantation would take place.* It is not known 
whether this increase is a result of migration or prolif- 
eration in situ. The large granular lymphocytes die 1 
or 2 days before menstruation but if pregnancy occurs 
they are present thoughout the first trimester. Because 
the increase in number of large granular lymphocytes 
occurs before pregnancy their recruitment does not 
appear to be induced by the presence of the implanting 
blastocyst. A hormonal regulatory mechanism would 
seem more likely. 

The immunologic system of the endometrium is one 
of a number of local systems including the liver and 
the gut in which the traditional model of peripheral 
lymphoid organization appears not to apply. Mucosal 
lymphocytes form relatively autonomous immune sys- 
tems presumably adapted for the specific conditions 
and functions of the surfaces they populate. There are 
interesting similarities between uterine lymphocytes 
and those in other mucosal organs. Granulated lym- 
phoid cells are scarce in lymph nodes but are prominent 
at many mucosal surfaces, most notably the gut of hu- 
mans and rodents where the intestinal intraepithelial 
lymphocytes contain a large proportion of granulated 
cells.” In both the rat and sheep liver granulated cells 
(pit cells) are abundant in the sinusoids.* ° Uter- 
ine granulated cells have been noted for many years 
in rodents (granulated metrial gland cells),'? humans 
{endometrial granulocytes), and more recently in 
sheep." However, although human uterine granular 
lymphocytes share morphologic characteristics with 
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mucosal large granular lymphocytes, their tissue dis- 
tribution in relation to the epithelium is distinctive. 
Whereas granular lymphocytes are confined to the in- 
traepithelial compartment at other mucosal sites, the 
uterine large granular lymphocytes occur predomi- 
nantly in the stroma. : 

Comparison of the immunophenotype of the lym- 
phocytes from different mucosal sites suggests an over- 
all pattern in which both thymic-dependent (CD3 pos- 
itive) and thymic-independent (CD3 negative) cells are 
present. Some CD3-positive cells also express CD8 
but, like the human uterine large granular lymphocyte, 
do not express peripheral blood large granular lym- 
phocyte markers such as CD16. The recent discovery 
that some gut intraepithelial lymphocytes are T cell 
receptor yi—positive in mice'* “ raises questions about 
the relationship in local situations of CD3-negative T 
cell receptor y5—negative to CD3-positive T cell recep- 
tor y5—positive cells. The abundance of these T cell 
receptor yé—positive cells in athymic mice suggests that 
there is extrathymic production of T cell receptor y8— 
positive T cells possibly in these surface locations such 
as the gut, skin, and liver. 

The function of these mucosal lymphocytes is un- 
known. The large granular lymphocyte subset in pe- 
ripheral blood appears to be responsible for NK activity 
and this spontaneous cytotoxic activity is a property of 


both CD3-negative and T cell receptor -y8—positive ` 


T cells.'® NK activity has been demonstrated in lym- 
phocyte preparations from the gut” and liver’ of many 
species but not in human gut intraepithelial lympho- 
cytes." However, Leu 19-positive large granular lym- 
phocytes from early human decidua do exhibit consid- 
erable NK activity,'* ° which can be augmented after 
interleukin-2 stimulation. The usual targets for NK 
cells are virally infected cells, tumor cells, or embryonic 
cells. Although the target ligands for granulated mu- 
cosal lymphocytes (whether CD3-negative or T cell re- 
ceptor yd—positive cells) have not been identified they 
are likely to be different from those involved in antigen 
recognition by classical T cells. T cell receptor yé— 
positive T cells may recognize antigen in the context 
of a nonclassical Class I HLA antigen particularly as 
these cells often express CD8,”' CD3-negative NK cells 
seem to preferentially recognize cells with low or aber- 
rant major histocompatibility complex expression, thus 
providing a surveillance mechanism against malignant 
transformation.” 

Because large granular lymphocytes with NK activity 
are so abundant in the endometrium around the time 
of implantation an obvious question is whether they 
have an important role in pregnancy. In particular, is 
their interaction with the invading fetally derived tro- 
phoblast cells necessary for successful implantation? As 
trophoblasts are invasive embryonic cells they would be 
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possible targets for NK cells. Significantly the Class I 
HLA antigen expressed by these cells appears to be 
nonclassical, nonpolymorphic,” and only scantly ex- 
pressed on the cell surface (unpublished observations). 
In vitro studies with human trophoblast were impos- 
sible until recently when culture techniques were de- 
veloped, yielding pure trophoblast populations. With 
the use of these cultured trophoblast cells as targets we 
have shown that trophoblast is resistant to lysis by de- 
cidual NK celis.” This might be anticipated because 
trophoblast invasion is essential to the development of 
a normal blood supply to the fetoplacental unit. At 
implantation trophoblast invades maternal decidua and 
vessels, transforming the latter into low-resistance si- 
nusoidal sacs. These large vessels lack the vasoconstric- 
tive response to autonomic stimuli and maintain an 
adequate blood supply even in physiologic conditions 
such as maternal exertion, which cause diversion of 
blood from other viscera.” Histologic studies confirm 
that failure of the transformation of uterine arteries is 
associated with intrauterine growth retardation, still- 
birth, and preeclampsia. Excessive penetration of ma- 
ternal tissues also has disastrous consequences as is seen 
when implantation occurs in deficient decidua as in 
placenta percreta and ectopic pregnancy, implying that 
decidua provides some sort of barrier to the invasion.” 
Therefore, one approach to these unresolved obstetric 
problems may lie in examination of the process and 
control of trophoblast invasion and vascular transfor- 
mation in early pregnancy. 

Uterine large granular lymphocytes could influence 
this process in a number of ways. First, although they 
are not cytolytic to trophoblast they could limit the in- 
vasion by merely being cytostatic. This concept is sup- 
ported by reports that show sex hormones may in- 
crease or decrease NK activity with the highest levels 
of NK activity occurring in the fertile phase of hu- 
mans and mice.” Resistance to metastatic spread of 
experimental tumors has been shown during this phase 
in mice.” Human chorionic gonadotropin has also 
been shown to suppress NK lysis of K562 cells” and 
high levels of human chorionic gonadotropin are ob- 
viously present in the uterus in the first trimester. 
Second, uterine leukocytes could produce cytokines 
that might influence trophoblast growth and differ- 
entiation. Colony-stimulating factor—I and interleukin- 
3 produced from murine lymphoma cell lines are 
observed to stimulate proliferation of placental cells 
in vitro.” Most of the latter are shown to stain for cy- 
tokeratin microfilaments and therefore are assumed to 
be trophoblast. However, the human invasive tropho- 
blast populations do not proliferate in vivo but only 
differentiate as they move into maternal tissues” so the 
relevance of this finding in the mouse to the human 
situation is not clear. Third, lymphokines produced by 
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large granular lymphocytes may influence other ele- 
ments in the endometrium. Transforming growth 
factor—B is thought to be produced by decidual NK 
lineage cells in mice. This exerts a negative effect on 
the generation of cytotoxic T-lymphocytes, thus inhib- 
iting the efferent arm of any local destructive re- 
sponse.” These activities against migrating trophoblast 
could account for the predominantly stromal distri- 
bution of uterine large granular lymphocytes in con- 
trast with the intraepithelial location of gut granulated 
lymphocytes whose main function is thought to be to 
monitor the integrity of the epithelium.” 

From the preceding review it is clear that the lym- 
phocytes found in the uterus are not those that are 
usually associated with classical allogeneic recognition. 
Instead, they appear to be large granular lymphocytes 


that exhibit NK activity. Like similar cells elsewhere at ` 


mucosal surfaces in the body, the functions of decidual 
lymphocytes are not known, but it is tempting to think 
they may exert some influence on placental develop- 
ment. Elucidation of the mechanisms involved should 
increase our understanding of the process of implan- 
tation. 
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The HELLP syndrome (hemolysis, elevated liver enzymes, 
and low platelets): Much ado about nothing? 


Baha M. Sibai, MD 


Memphis, Tennessee 


The question of whether the HELLP syndrome exists as a distinct entity or is part of a spectrum of 
pregnancy complications, which have in common hemolysis, elevated liver enzymes, and 
thrombocytopenia, has long been a source of speculation and debate among obstetricians and internists. 
A review of the literature indicates a definite need for a uniform definition, diagnosis, and management of 
this syndrome. Patients manifesting this syndrome usually are seen before term (<36 weeks’ gestation) 
complaining of malaise (90%), epigastric or right upper-quadrant pain (90%), and nausea or vomiting 
(50%), and some will have nonspecific viral-syndrome-like symptoms. Hypertension and proteinuria may 
be absent or slight. Thus some of these patients may have a variety of signs and symptoms, none of 
which are diagnostic of classic preeclampsia. In consideration of the high maternal and perinatal mortality 
and morbidity reported with the presence of this syndrome, | recommend that all pregnant women having 


any of these symptoms should have a complete blood cell count with platelet and liver enzyme 
determinations irrespective of maternal blood pressure. (Am J OBsTeT GYNECOL 1990;162:311-6.) 


Key words: Preeclampsia, HELLP syndrome, epigastric pain, management 


Hemolysis, abnormal liver function tests, and throm- 
bocytopenia have been recognized as complications of 
preeclampsia-eclampsia for many years.'* According to 
Chesley,' some of these components had been reported 
in the obstetric literature for almost 100 years (coag- 
ulation defects and microthrombi were first described 
by Schmorl in 1893). in 1982, Weinstein’ described 29 
cases of severe preeclampsia-eclampsia complicated by 
thrombocytopenia, abnormal peripheral smear, and ab- 
normal liver function test results. He suggested that 
this collection of signs and symptoms constituted an 
entity separate from severe preeclampsia and coined 
the term HELLP syndrome (H for hemolysis, EL for 
elevated liver enzymes, and LP for low platelets). Since 
then, several articles and case reports claiming to de- 
scribe this syndrome have appeared in the medical lit- 
erature. In addition, the presence of this syndrome 
became a major cause of litigation against obstetricians 
involving cases of alleged misdiagnosed preeclampsia. 

Controversy surrounds almost every aspect of the 
HELLP syndrome. A review of the literature highlights 
the confusion concerning the terminology, iricidence, 
cause, diagnosis, and management of this syndrome.® 
In the discussion that follows, opinions are given on 
these controversial aspects that have been derived from 
the literature and from my own experience of man- 
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aging more than 300 cases of severe preeclampsia- 
eclampsia complicated by the HELLP syndrome. 


Terminology and diagnosis 


The terminology and diagnostic criteria used to de- 
scribe this syndrome have been confusing and incon- 
sistent. Goodlin‘ considered it an early form.of severe 
preeclampsia and labeled it as a great imitator, im- 
pending gestosis, EPH (edema, proteinuria, hyperten- 
sion) gestosis type B, and expanded toxemia syndrome. 
Weinstein’ considered it a “unique variant” of pre- 
eclampsia while Mackenna et al.’ considered it as mis- 
diagnosed preeclampsia. On the other hand, several 
authors considered it as mild disseminated intravas- 
cular coagulation that was missed because of inade- 


- quate laboratory investigation. 


One reason for the controversy surrounding the 
HELLP syndrome is the different diagnostic criteria 
and different methods used in studies and case reports 
claiming to describe this syndrome. Consequently, the 
results of these studies have been inconsistent and con- 


‘tradictory. There are considerable differences regard- 


ing the time of onset, type, and degree of laboratory 
abnormalities used to make the diagnosis of this syn- 
drome. Some studies included patients who had the 
abnormalities on admission; others included patients 
who developed the abnormalities during conservative 
management of patients with preeclampsia, and others 
included patients who developed the abnormalities in 
the postpartum period. A significant percentage of the 
reports included patients who had no evidence of he- 
molysis; hence these patients will fit the criteria for 
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Fig. 1. Computerized axial tomographic scan of liver dem- 
onstrating subcapsular hematoma (arrow) and intraparenchy- 
mal bleeding in a patient who had HELLP syndrome at 23 . 
weeks’ gestation. 


ELLP syndrome. Even in cases where hemolysis was 
mentioned, the.diagnosis was based mostly on the pres- 
ence of ‘an abnormal peripheral smear (burr cells or 


schistocytes). Other studies included patients whose x 
platelet count was more than 100 x 10°/mm*; ‘hence t 


these patients will fit the criteria for HEL syndrome. 


Even in cases where thrombocytopenia was present, 


the diagnosis was based on either <150 x 10°/mm’, 
<100 x 103/mm’, or <75 x 10°/mm’. 

There is no consensus in the literature regarding 
which liver function test abnormalities should be 
used to diagnose the syndrome. Weinstein’ reported 
abnormal serum glutamic oxaloacetic transaminase 


(SGOT), abnormal serum glutamic pyruvic transami- . 


nase (SGPR), and abnormal bilirubin values; however, 
levels were not stated. In addition, he made no mention 
of lactic dehydrogenase (LDH) as a diagnostic feature. 
Mackenna et al.’ stated that liver enzymes were elevated 
in all their patients but did not specify the level or 
identity of the enzymes measured. Goodlin* and Thia- 
garajah et al.* considered SGOT to be abnormal at a 
level of >30 U/L, Vandam et al.” used a level of >16 
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U/L, Brazy et al”? used a level of >50 U/L, and Sibai 
et al. and Aarnoudse et al." used a level of >72 U/L. 
In addition, the threshold for LDH levels was variable 
among these studies (195 to 600 U/L). 

The role of disseminated intravascular coagulopathy 
(DIC) in preeclampsia is controversial. Most authors 
do not consider HELLP syndrome as a variant of DIC 
since coagulation parameters such as prothrombin 
time, partial thromboplastin time, and serum fibrino- 
gen are usually normal. The frequency of DIC in this 
syndrome ranges from 4% to 38%. However, recent 
reports suggested that all patients with HELLP syn- 
drome will have DIC if sensitive laboratory tests are ` 


" used: !!} ? Sensitive determinants of this condition in- 


clude antithrombin III, fibrinopeptide A, fibrin mon- 
omer, D-dimer, plasminogen, and fibronectin. Unfor- 
tunately, these tests are expensive, time-consuming, 
and not suitable for routine clinical monitoring. ` 

In consideration of the above problems, I suggest 
that uniform and standardized laboratory values be 
used to diagnose this syndrome. It is my opinion that 
LDH and bilirubin values should be included in the 
diagnosis of hemolysis. In addition, the degree of ab- 
normality of liver enzymes should be defined as a cer- 
tain number of standard deviations from‘ the normal 
values for each hospital population. Furthermore, the 


| rate of change in either liver enzymes or platelet count 


may be as important as the absolute value in establishing - 
the diagnosis. We use a cutoff of more than 3 SD above 
the mean as being abnormal. Our criteria for the di- 
agnosis of this syndrome require the presence of these 
laboratory findings: (1) hemolysis, defined by abnormal 
peripheral smear, increased bilirubin (=1.2 mg/dl), 
and increased lactic dehydrogenase (>600 U/L); (2) 
elevated liver enzymes, defined as increased SGOT 
(270 U/L) and increased LDH; (3) low platelets, de- | 
fined as platelet count <100 x 10°/mm*. Moreover, for 
reporting maternal-perinatal outcome, patients having 
the syndrome before giving birth must be analyzed sep- 


. arately from those’ developing. He syndrome in the 


pone period. | 


f Pathophysiology 

_ Preeclampsia is usually associated with vasospasm, 
pathologic vascular lesions within multiple organ sys- 
tems including liver and placental bed, and activation 
of the coagulation system. In addition, there is good 
evidence from several studies that preeclampsia is ac- 
companied by endothelial cell injury, increased platelet 
activation with platelet consumption in the .microvas- 
culature, and excessive clotting activity.’ The etiology 
of the HELLP syndrome in preeclampsia is poorly un- 
derstood. No one precipitating cause of this syndrome 
has yet been reported. The syndrome is a group of 
clinical and pathologic manifestations resulting from l 
an insult that leads to intravascular platelet activation 
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and microvascular endothelial damage. Platelet acti- 
vation will result in the release of thromboxane A, and 
serotonin causing vasospasm, platelet agglutination and 
aggregation, and further endothelial injury. Endothe- 
lial damage leads to reduced prostacyclin production 
and surface-mediated platelet activation. A vicious cycle 
is thus established that may be broken only by delivery. 

Some investigators*" believe that DIC is the primary 
process in HELLP. Although there is a similarity in the 
histologic features of the microthrombi seen in patients 
with HELLP and DIC, most patients with HELLP show 
no evidence of clinical intravascular coagulopathy. In 
addition, the presence of laboratory evidence of DIC 
was reported in patients with well-established HELLP 
syndrome; hence iit is unknown if the DIC is primary 
rather than secondary to some other pathophysiologic 
process. 

Hemolysis defined as the presence of microangio- 
pathic hemolytic anemia is the hallmark of the HELLP 
syndrome. It is thought to result from the passage of 
red blood cells through small blood vessels with dam- 
aged intima and fibrin mesh desposits. This leads to 
the appearance on peripheral smear of triangular cells, 
burr cells, echinocytes, and spherocytes. Cunningham 
et al. used scanning electron microscopy to study the 
morphologic characteristics of red blood cells in women 
with severe preeclampsia and eclampsia. They found 
compositional changes in red blood cell membrane that 
were more pronounced in patients with liver dysfunc- 
tion. They suggested that alterations in the cell mem- 
brane may increase the susceptibility of these eryth- 
rocytes to microangiopathic hemolysis. 

The classic hepatic lesion associated with the HELLP 
syndrome is periportal and/or focal parenchymal ne- 
crosis in which large hyaline deposits of fibrinlike ma- 
terial can be seen in the sinusoids. Immunofluorescence 
studies usually reveal the presence of fibrin micro- 
thrombin and fibrinogen deposits in the sinusoids in 
areas of hepatocellular necrosis, as well as in sinusoids 
of histologically normal parenchyma.'' * These histo- 
pathologic findings may be responsible for the elevated 
liver enzymes and the right upper-quadrant pain and 
tenderness seen in patients with this syndrome. In cer- 
tain cases the cellular necrosis and hemorrhage may be 
severe enough to be seen by magnetic resonance im- 
aging of the liver (unpublished data). On rare occasions 
the hepatic involvement may result in intrahepatic 
hemorrhage and subcapsular hematoma formation 
leading to rupture (Fig. 1). 

Bone marrow studies in patients with the HELLP 
syndrome show increased megakaryocytes, a feature 
that is compatible with either increased platelet con- 
sumption or increased platelet destruction.* ® It has 
been suggested that both increased platelet agglutina- 
tion, which is secondary to vascular endothelial damage 
and prostacyclin deficiency, and increased platelet ag- 
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gregation, which is secondary to thromboxane A, €x- 
cess, contribute to the severe thrombocytopenia seen 
in these patients.'© 


Clinical presentation 

The typical presentation is that of a white, multipa- 
rous patient with a past history of poor pregnancy out- 
come and with a maternal age of >25 years. The patient 
usually is first seen before term (<36 weeks’ gestation) 
complaining of epigastric or right upper-quadrant pain 


(90%); some will have nausea or vomiting (50%), and 


others will have nonspecific viral-syndrome-like symp- 
toms. The majority of patients (90%) will give a history 
of malaise for the past few days before presentation. 
Hypertension and proteinuria may be absent or only 
slight." '7 Thus some of these patients may have a va- 
riety of signs and symptoms, none of which are diag- 
nostic of classic severe preeclampsia. Consequently, I 
recommend that all pregnant women having any of 
these symptoms should have a complete blood cell 
count and platelet and liver enzyme determinations ir- 
respective of maternal blood pressure level. In other 
cases the syndrome develops during conservative man- 
agement of patients with documented preeclampsia re- 
mote from term.®® In these situations I recommend 
that all such patients be questioned daily regarding the 
above symptoms, and they should have frequent eval- 
uation of platelet counts and liver enzyme levels. 

Physical examination will show right upper-quadrant 
tenderness (80%) and significant weight gain with 
edema (60%). Hypertension may be absent (20%), mild 
(30%), or severe (50%), depending on the duration of 
signs and symptoms. Severe hypertension is usually 
more common in patients who develop the syndrome 
during conservative management of preeclampsia. 

In some cases the patient may be seen because of 
convulsions, jaundice, gastrointestinal bleeding, he- 
maturia, bleeding from the gums, or flank and shoulder 
pain. In rare cases the presence of this syndrome is 
associated with hypoglycemia leading to coma, severe 
hyponatremia resulting in mental confusion, cortical 
blindness, and nephrogenic diabetes insipidus. As a re- 
sult, these patients are often misdiagnosed as having 
various medical or surgical complications such as viral 
hepatitis, gastroenteritis, pyelonephritis, appendicitis, 
glomerulonephritis, gallbladder disease, peptic ulcer, 
kidney stones, acute fatty liver of pregnancy, idiopathic 
thrombocytopenic purpura, thrombotic thrombocyto- 
penia purpura, and hemolytic uremic syndrome. 


Time of onset 

As mentioned previously, the syndrome may develop 
before or after parturition. Analysis of 304 cases that 
I studied revealed that 209 (69%) had antepartum ev- 
idence of the syndrome while 95 (31%) had postpartum 
manifestation. Among the antepartum group 8 (4%) 
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Table I. Therapeutic modalities used to treat 
or reverse HELLP syndrome 





I. Plasma volume expansion 
Bed rest 
Crystalloids 
Albumin 5% to 25% 

Il. Antithrombotic agents 
Low-dose aspirin 
Dipyridamole 
Heparin 
Antithrombin II 
Prostacyclin infusions 
Thromboxane synthetase inhibitor 

HI. Immunosuppressive agents 
Steroids 

IV. Miscellaneous 
Fresh-frozen plasma infusions 
Exchange plasmapheresis 
Dialysis 


had signs of the syndrome at 17 to 20 weeks’ gestation 
and in 23 (11%) it occurred at 21 to 26 weeks, for a 
total of 15% developing during the midtrimester. 
These included one maternal death, one ruptured sub- 
capsular hematoma of the liver, five cases of acute renal 
failure, and 12 cases of DIC. This finding underscores 
the importance of suspecting the presence of this syn- 
drome in all pregnant women who complain of right 
upper-quadrant pain, malaise, nausea, or vomiting 
during this time period. 

In the postpartum group, the time of onset of the 
manifestations ranges from a few hours to 6 days, with 
the majority developing within 48 hours post partum. 
Seventy-five patients (79%) had evidence of preeclamp- 
sia before delivery; however, 20 (21%) had no such 
evidence either before or during delivery. Patients in 
this group are at increased risk for the development of 
pulmonary edema and acute renal failure. The differ- 
ential diagnosis in these cases should include exacer- 
bation of systemic lupus erythematosus, thrombotic 
thrombocytopenic purpura, and hemolytic uremic syn- 
drome. 


Management 


As mentioned, a number of medical and surgical dis- 
orders are associated with the signs, symptoms, and 
hematologic and biochemical abnormalities found in 
patients with the HELLP syndrome. This is particularly 
true when the syndrome develops during the second 
trimester or early third trimester. The management is 
often complicated by medical and surgical treatments 

_ that are inappropriate and by invasive diagnostic pro- 
cedures (laparotomy and bone marrow, liver, renal, and 
intestinal biopsies) that are associated with significant 
morbidity. These factors make it difficult to evaluate 
any treatment modality proposed for this syndrome, 
and consequently considerable controversy surrounds 
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the management of this disorder. Table I summarizes 
some of the modalities described in the literature that 
were used to treat or reverse the presence of this syn- 
drome. 

Recently, Van Assche and Spitz’ reported on a pa- 
tient who developed preeclampsia with HELLP syn- 
drome at 32 weeks’ gestation. The patient was treated 
with bed rest, albumin infusion, and 200 mg of daz- 
oxiben (a thromboxane synthetase inhibitor) four times 
a day. All maternal laboratory values returned to nor- 
mal after 4 days of treatment with dazoxiben; however, 
the patient was delivered of her infant by cesarean sec- 
tion 1 week later. Both infant and placenta were small 
for gestational age. The authors suggested that daz- 
oxiben might have beneficial effects in the management 
of such cases. 

Patients with HELLP syndrome who are not near 
term should be referred to a tertiary care center and 
initial management should be the same as for any pa- 
tient with severe preeclampsia. The first priority is to 
assess and stabilize maternal condition, particularly co- 
agulation abnormalities. The next step is to evaluate 
fetal well-being by the nonstress test and biophysical 
profile. Finally, a decision must be made as to whether 
immediate delivery is indicated. Amniocentesis may be 
performed in these patients without risk of bleeding 
complications. 

If the syndrome develops at or beyond 34 weeks’ 
gestation or if there is evidence of fetal lung maturity 
or fetal or maternal jeopardy before that time, then 
delivery is the definitive therapy. It is my opinion that 
all patients with true HELLP syndrome and DIC, as 
defined by my colleagues and I,° should be delivered 
irrespective of gestational age. In the absence of lab- 
oratory evidence of DIC and absent fetal lung maturity, 
the patient can be given two doses of steroids to accel- 
erate fetal lung maturity with delivery 48 hours later. 
However, maternal and fetal conditions should be as- 
sessed continuously during this time period. 

Occasionally, some patients without the “true 
HELLP” syndrome may have antepartum reversal of 
hematologic abnormalities after bed rest, the use of 
steroids, or plasma volume expansion. However, the 
majority of these patients will show deterioration in 
either maternal or fetal condition within 1 to 10 days 
after conservative management. In addition, several of 
these pregnancies are complicated by abruptio placen- 
tae, fetal distress, fetal growth retardation, and fetal 
death during the conservative management. Hence, it 
is doubtful that such a limited pregnancy prolongation 
will result in improved perinatal outcome, especially 
when maternal and fetal risks are substantial. 

The presence of this syndrome is not an indication 
for immediate delivery by cesarean section. Such an 
approach might prove detrimental for both mother and 
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fetus. Patients presenting with well-established labor 
should be allowed to be delivered vaginally as indicated. 


Otherwise, labor may be initiated with oxytocin infu- | 


sions in the same manner as for routine induction in 
all patients with gestational ages >32 weeks irrespective 
of the extent of cervical dilatation or effacement. A 
similar approach is used for patients at =32 weeks if 
the cervix is favorable for induction. In a patient with 
an unripe cervix and a gestational age =32 weeks, elec- 
tive cesarean section is the method of choice for de- 
livery. 

Maternal analgesia during labor can be provided by 
intermittent use of small doses (25 to 50 mg) of intra- 
venous meperidine. Local infiltration anesthesia can be 
used for all vaginal deliveries. The use of pudendal 
block or epidural anesthetics is contraindicated in these 
patients because of the risk of bleeding into these areas. 
General anesthesia is the choice for cesarean sections. 

Patients who are seen with shoulder pain, in shock, 
or with evidence of massive ascites or pleural effusions 
should have ultrasonography or computed axial to- 
mography of the liver to rule out the presence of sub- 
capsular hematoma of the liver. The presence of rup- 
tured subcapsular liver hematoma resulting in shock is 
an indication for massive transfusions and immediate 
laparotomy. Patients having definite evidence of DIC 
should be treated with fresh-frozen plasma to correct 
the coagulopathy. 

Platelet transfusions are indicated either before or 
after delivery if the platelet count is <20 x 10°/mm, 
Correction of thrombocytopenia is particularly impor- 
tant before cesarean section. However, repeated plate- 
let transfusions are not necessary since consumption 
occurs rapidly and the effect is transient. Our policy is 
to administer 10 buttons of platelets (one button = one 
unit of blood) in all patients with a platelet count 
<50 x 10’/mm?° before intubation for cesarean sec- 
tion. Generalized oozing from the operative site is very 
common. To minimize the risk of hematoma formation, 
I recommend that the bladder flap be left open, a 
subfascial drain be used for 24 to 48 hours, and the 
wound be left open with sutures in situ from the level 
of the fascia. All these wounds can be successfully closed 
within 72 hours. Failure to adhere to these recommen- 
dations will result in about a 20% incidence of hema- 
toma formation. 

After delivery, the patient should be monitored very 
closely in an intensive care facility for at least 48 hours. 
Most patients will show evidence of resolution of the 
disease process within 48 hours after delivery. How- 
ever, some, especially those with DIC, may show de- 
layed resolution or even deterioration. Such patients 
may require intensive monitoring for several days. 
These patients are at risk for development of pulmo- 
nary edema from transfusions of blood and blood prod- 
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ucts, fluid mobilization, and compromised renal func- 
tion. One study™ suggested that such patients might 
benefit from exchange plasmapheresis with fresh- 
frozen plasma. However, our experience indicates that 
all cases will resolve spontaneously with supportive 
therapy. In fact, we have not used this procedure in 
any of the patients with this syndrome during the past 
12 years. In addition, this procedure is costly and car- 
ries the possibility of transmitting a potentially fatal 
infectious disease. 


Maternal and perinatal outcome 


Pregnancies complicated by this syndrome are as- 
sociated with poor maternal and perinatal outcome. 
The reported maternal mortality ranges from 0% to 
24%. In addition, the mothers are at increased risk for 
DIC, abruptio placentae, acute renal failure, pulmo- 
nary edema, and ruptured liver hematoma. The re- 
ported perinatal mortality ranges from 7.7% to 60%. 
Most of the perinatal deaths are related to abruptio 
placentae, intrauterine asphyxia, and extreme prema- 
turity. In addition, one third of the infants are usually 
growth-retarded. These findings underscore the im- 
portance of referring these patients to a tertiary care 
center where intensive maternal and neonatal care fa- 
cilities are available. 


Maternal counseling — 
Patients developing this syndrome may receive oral 


` contraceptives without any problems. We have used 


oral contraceptives for a minimum of 2 months in 86 
patients who developed the syndrome either before or 
after giving birth. None of them had evidence of the 
syndrome while using the pills. In addition, we followed 


.up 59 patients through 80 subsequent pregnancies. 


Two patients (3.4%) had recurrent HELLP syndrome 
in subsequent pregnancies. However, both patients with 
ruptured subcapsular liver hematoma had subsequent 
pregnancies without complications. 

In conclusion, several of the signs, symptoms, and 
laboratory abnormalities that constitute the HELLP 
syndrome may be confused with similar findings that 
are usually present in a number of distinct medical and 
surgical disorders. This is particularly true when the 
syndrome develops before term. Diagnosis is often de- 
layed and management is usually complicated by in- 
appropriate medical and surgical treatments that may 
be dangerous for both mother and fetus. As a result, 
the importance of this syndrome lies not in its name 
but rather in its associated high maternal and perinatal 
morbidity and mortality. It is therefore critical that ob- 
stetricians be alert to the many facets of the syndrome 
and its presentation. It is my opinion that the devel- 
opment of a “true” HELLP syndrome requires that 
both patient and obstetrician ask for HELP. 
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Clinical Articles 


Maternal serum a-fetoprotein screening for fetal Down 
syndrome in the United States: Results of a survey 


Glenn E. Palomaki, BS, George J. Knight, PhD, Mary S. Holman, BS, and 


James E. Haddow, MD 


Scarborough, Maine 


To determine the status of maternal serum «-fetoprotein screening for fetal Down syndrome in the 

United States, we surveyed member laboratories in the External Quality Assessment Scheme for 
Pregnancy a-Fetoprotein in the spring of 1988. Of the 123 member laboratories that provide screening 
services, 109 responded. The 109 laboratories screened 586,000 pregnancies annually, and 96 provided 
interpretations for risk of fetal Down syndrome, accounting for 534,000 pregnancies. Numbers of women 
screened annually per laboratory ranged from <200 to >27,000 (median 3000). A total of 85 of the 96 
laboratories used a combination of the maternal serum a-fetoprotein value and maternal age to assign 
risk, whereas 11 used only a fixed lower maternal serum a-fetoprotein cut-off. Ultrasonographic gestational 
dating was used for the initial interpretation in 25% of the screened pregnancies. The median initial 
positive rate (the number of women initially classified as being at increased risk) was 3.7% overall, and 
smaller laboratories were more likely either to have outlying initial positive rates or to be unable to provide 
such rates. Median initial positive rates were lower for enzyme immunoassay kits than for 
radioimmunoassay kits (3.0% versus 4.8%). These results indicate that, whereas most laboratories appear 
to perform satisfactorily in screening for fetal Down syndrome, some laboratories need to refine their 
methods of assigning risk and others need to develop mechanisms to document initial positive rates and, 
when appropriate, to analyze the cause of outlying initial positive rates. This survey, combined with 
information from nonsurveyed laboratories known to screen for fetal Down syndrome, allows an estimation 
that 1 million pregnancies annually were provided with fetal Down syndrome interpretations in the 

United States in mid-1988. (Am J Osster GYNECOL 1990;162:317-21.} 


Key words: a-Fetoprotein, Down syndrome, screening 


The assocation between lower maternal serum a- 
fetoprotein levels and fetal Down syndrome was first 
identified in 1984"? and, subsequently, pilot studies 
from Connecticut® and from an eight-center New En- 
gland regional study group* demonstrated the feasi- 
bility of applying maternal serum a-fetoprotein mea- 
surements during the second trimester to screen for 
fetuses affected by Down syndrome. Simultaneous with 
the pilot studies, a number of other laboratories in 
the United States that provided maternal serum a- 
fetoprotein screening services for open neural tube de- 
fect detection also began to provide interpretations for 
fetal Down syndrome. In the spring of 1988 the Ex- 
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ternal Quality Assessment Scheme (EQAS) for Preg- 
nancy a-Fetoprotein, a voluntary proficiency testing 
program sponsored by the New England Regional Ge- 
netics Group, surveyed its member laboratories in the 
United States to determine the status of screening for 
fetal Down syndrome. The present report summarizes 
the results of that survey. 


Methods 


The survey was sent in March 1988 to all 137 active 
members of the EQAS program in the United States 
and contained questions with regard to a-fetoprotein 
reagents used, yearly screening volume, protocols used 
to screen for fetal Down syndrome, and epidemiologic 
monitoring of the screened population. A reminder 
was sent in May, and again in June, to laboratories that 
had not responded. Laboratories that had partially 
completed questionnaires were asked to provide the 
missing information and return the forms. Fourteen 
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Number of 
Laboratories 


«200 200- 400- 800- 
399 799 1599 
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1800- 3200- 8400- 12800- 25599 
3199 6399 12798 25599 


Annual Number of Women Screened 


Fig. 1. Distribution of annual numbers of women screened by 96 laboratories that routinely provide 


interpretations for fetal Down syndrome risk. 


Table I. Gestational weeks used by the 96 
laboratories to define boundaries for 
interpretation of maternal serum a-fetoprotein 
measurements for Down syndrome risk 


No. of laboratories 


Starting week 


14 15 
15 71 
16 10 
Ending week _ 
=19 12 
20 : 45 
2] 17 
=22 22 


active members of the EQAS did not provide mater- 
nal serum a-fetoprotein screening services, leaving 
123 active screening laboratories. Maternal serum a- 
fetoprotein assay kits used by EQAS participants in- 
clude: AFP-EIA monoclonal, AFP-EIA polyclonal (Ab- 
bott Laboratories, North Chicago, Ill.); a-fetoprotein 
radioimmunoassay (RIA) kit (Amersham, Arling- 
ton Heights, IIl.); GammaDab 125I-AFP RIA (Clinical 
Assays, Cambridge, Mass.); Tandem-E a-fetoprotein 
immunoenzymetric assay (Hybritech, San Diego, 
Calif.); AFP/Ob RIA (Kallestad Laboratories, Austin, 
Tex.). 


Results 

Among the 123 EQAS-member laboratories that pro- 
vided maternal serum a-fetoprotein screening services 
in the United States at the time of the survey, 109 (89%) 
responded. Collectively, these 109 laboratories ac- 
counted for 586,000 pregnancies screened annually. 
Fetal Down syndrome screening was offered routinely 


by 96 of the 109 laboratories (88%) and included 
534,000 pregnancies. Fig. 1 displays the distribution of 
annual numbers of women screened by the 96 labo- 
ratories; the median number of women screened yearly 
per laboratory was 3000. The 96 laboratories provided 
their starting and ending weeks’ gestation for which 
fetal Down syndrome risk interpretations were given 
(Table I). No laboratory provided risks earlier than 14 
weeks’ gestation; 22 laboratories extended the inter- 
pretations to =22 weeks. A total of 85 of the labora- 
tories combined the maternal serum a-fetoprotein 
measurement with maternal age for estimating fetal 
Down syndrome risk,**” whereas 11 used a fixed lower 
screening maternal serum a-fetoprotein cut-off, usu- 
ally =0.5 or <0.4 multiples of the median (Table II). 
The frequency of gestational age dating by ultraso- 
nography versus dating by last menstrual period was 
provided by 90 of the 96 laboratories (Table III); 
overall, sonographically defined dates were available 
for the initial interpretation of the maternal serum a- 
fetoprotein measurements in 25% of the pregnancies. 

Because of the established practice of offering am- 
niocentesis to all women aged 235 years, the labora-. 
tories were asked whether their protocol for fetal Down 
syndrome interpretation distinguished between youn- 
ger and older pregnant women. There were 78 of the 
96 laboratories that responded to this question, 46 of 
which (59%) assigned risk to all women regardless of 
age; 33 of those 46 laboratories also included a state- 
ment recommending that amniocentesis be considered 
for all women aged =35 years. Twenty laboratories 
(26%) assigned risk only to women age <35 years, and 
12 laboratories (15%) had other protocols. 

To assess screening performance, the questionnaire 
asked laboratories for the percentage of their screened 
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population initially classified as having a risk for fetal 


Down syndrome at least as high as that of a 35-year- 
old woman. This is defined as the initial positive rate. 
Approximately half the laboratories included women 
aged =35 years in the initial positive rate. The 11 lab- 
oratories that used fixed maternal serum a-fetoprotein 
multiples of the median cut-offs (Table II) did not an- 
swer the question; in addition, 12 laboratories that used 
a combination of maternal serum a-fetoprotein mea- 
surements and maternal age reported that they were 
unable to provide that information. Table IV provides 
summary information on the initial positive rate of the 
73 responding laboratories broken down into two 
groups according to annual numbers of women 
screened. Overall, 85% of the laboratories with annual 
numbers of women screened above the median (3000) 
were able to provide initial positive rate data as opposed 
to 67% of the laboratories with numbers of women 
screened below the median. Seven of the 11 labo- 
ratories that screened at a fixed maternal serum a- 
fetoprotein multiple of the median cut-off had annual 
screening volumes <3000. Median initial positive rates 
were similar in the two groups as were the percentages 
of laboratories with initial positive rates <2.0%. Smaller 
laboratories, however, had initial positive rates =7.0% 
(19% versus 7%) 2.7 times as often. In addition, the 
three highest reported initial positive rates of 8.5%, 
13.0%, and 15.4% all were from’ smaller laboratories. 

The maternal serum «-fetoprotein kit or type of re- 
agents used for screening were also listed by the 73 
laboratories that provided information about initial 
positive rate for fetal Down syndrome risk (Table V). 
The median initial positive rate for the various assays 
ranged from 2.2% to 5.3%. For the enzyme immuno- 
assay kits (Abbott monoclonal and polyclonal, Hybri- 
tech) the median initial positive rate was 3.0% and for 
the RIA kits (Amersham, Clinical Assays, eee 
the figure was 4.8%. 


Comment 


The present survey provides the basis for estimating 
the extent to which maternal serum a-fetoprotein 
screening for fetal Down syndrome was in use in 1988 
in the United States. By combining information from 
the present study with information about other labo- 
ratories in the United States not in EQAS it is possible 
to estimate that 1 million pregnancies were provided 
with interpretations related to fetal Down syndrome at 
the time of the survey. EQAS member laboratories were 
responsible for screening approximately two thirds of 
these (some member laboratories that did not respond 
to the survey screened for fetal Down syndrome). A 
total of 91% of the pregnancies screened by respond- 
ing EQAS members were provided with fetal Down 
syndrome risk estimates. 

The distributions of maternal serum a-fetoprotein 
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Table II. Sources of risk estimates for the 96 
laboratories screening for Down syndrome 


Source* No. of laboratories ` 


‘Palomaki-Haddow® 72 
Hershey et al.® 6 
Cuckle et al.’ 3 
DiMaio et al.$ 2 
Other 2 
Fixed MSAFP MoM only 11 


*With the exception of laboratories that used ‘fixed mater- 
nal serum a-fetoprotein (MSAFP) multiples of the median 
(MoM) only, all methods involve combining maternal serum 
a-fetoprotein multiples of the median and maternal age. 


Table III. Perentage of maternal serum 
a-fetoprotein screening measurements with 
the original interpretation based on 
ultrasonographic dating among 90 of the 96 
laboratories screening for Down syndrome 









Original maternal serum o-fetoprotein 
interpretation based on 
ultrasonographic dates (%) 


No. of 
laboratories 





1-19 33 
20-39 31 
40-59 . 21 
60-79 5 


values for both fetal Down syndrome and unaffected 
pregnancies were originally defined from data collected 
between 14 and 23 weeks’ gestation.” Laboratories that 
responded to the EQAS survey all provided interpre- 
tations relating to fetal Down syndrome within this ges- 
tional age range. However, 11 of the EQAS laboratories 
used a fixed lower maternal serum a-fetoprotein mul- 
tiple of the median screening cut-off. This approach 
to fetal Down syndrome screening fails to take into 
account the age-specific risk and causes some women 
to be misclassified, For example, a 34-year-old woman 
with a maternal serum a-fetoprotein multiple of the 
median of 0.50 will have a second trimester risk of 
1:150, whereas a 22-year-old woman with the same 
maternal serum a-fetoprotein multiple of the median 
will have a risk of 1:450.5 Given the body of infor- 
mation available from prospective studies, it now ap- 
pears ‘reasonable for all fetal Down syndrome inter- 
pretations to be made on the basis of the risk calculated 
by combining the maternal serum a-fetoprotein mea- 
surement with the woman’s age-specific risk. 

Overall, 25% of the pregnancies had initial interpre- 
tations made on the basis of ultrasonographic dating, 
but it was not possible to determine which ultrasono- 
graphic measurements were used. Biparietal diameter 
(BPD) measurements of Down syndrome fetuses are 
similar to unaffected pregnancies in the second trimes- 
ter, and hence gestational ages assigned using BPD 
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Table IV. Median initial positive rates and number of laboratories with low or high initial positive rates by 
annual sample volume among 73 of the 96 laboratories screening for Down syndrome 












No. of laboratories (%) 





















Annual No. of Median initial 
laboratory laboratories positive rate Initial positive 
volume reporting (%)* rate <2.0% rate =7.0% 
=3000 - 32/48 3.5 j 2 (6%) 6 (19%) 
>3000 41/48 3.9 4 (10%) 3 (7%) 
All 73/96 3.7 6 (7%) 9 (7%) ` 


*Initial positive rate, Percentage of screened population initially classified as having a risk of fetal Down syndrome at least as 


high as that of a 35-year-old woman. 


Table V. Median initial positive rates and 
number of laboratories according to type of 
assay among 73 of the 95 laboratories 
screening for Down syndrome 


Median initial 





No. of positive rate* 

Assay laboratories (%) 

EIA 
Abbott polyclonal 23 3.2 
Abbott monoclonal, 7 2.2 
Hybritech 6 3.0 
TOTAL 36 3.0 

RIA 
Amersham 14 5.3 
Clinical Assays 12 ` 4.3 
Kallestad (90 minute) 9 5.3 
Own reagents 2 4.6 
TOTAL 37 4.8 
All assays 73 3.7 


*Initial positive rate, Percentage of screened population ini- 
tially classified as having a risk of fetal Down syndrome at least 
as high as that of a 35-year-old woman. : 


would be unbiased. However, femur lengths of fetuses 
with fetal Down syndrome have been reported to be, 
on average, shorter than those of unaffected fetuses.’ 
If this latter measurement alone were to be used to 
assign an ultrasonographic date to an affected preg- 
nancy, the gestational age could be underestimated, 
causing a spuriously high maternal serum a-fetoprotein 
multiple of the median and a false lowering of fetal 
Down syndrome risk. However, if used as a ratio with 
BPD it might enhance screening sensitivity. 
Epidemiologic monitoring of the initial positive rate 
allows screening programs to determine whether an 
appropriate percentage of women is being called at 
increased risk and serves as a check on the reliability 
of reference data, the precision and accuracy of the 
maternal serum a-fetoprotein assay, and the reliability 
of gestational dating. One source to define a reasonable 
range of initial positive rates comes from the New En- 
gland Regional Collaborative study, where an initial 
positive rate range of 3.0% to 6.1% was reported from 


the eight centers with the use of a common, protocol. 
The present study reports the initial positive rate for 
73 laboratories, and the acceptable initial positive rate 
could also be defined as ranging between the 10th and 
90th percentiles (<2.0% and >7.0%, respectively). By 
this definition, 6 of the 73 laboratories have excessively 
low initial positive rates and 9 laboratories have exces- 
sively high initial positive rates. Factors that contribute 
to outlying initial positive rates include: (1) inappro- 
priate reference data (medians), (2) variability in - 
assay precision that influences the maternal serum a- 
fetoprotein population SD, (3) an excess of overesti- 
mated or underestimated gestational ages, (4) varia- 
tions in the maternal age distribution of the screened 
population of women, and (5) including or excluding 
women aged 235 years in the initial positive rate. The 
data do not allow determination as to which of the 
preceding possibilities might account for the outlying 
initial positive rates in the present study. However, of 
the 85 laboratories that used risk as the screening vari- 
able, 78% of the smaller laboratories (32/41) could pro- 
vide initial positive rates, as opposed to 93% of the 
larger laboratories (41/44). Smaller laboratories may 
find it more difficult to carry out epidemiologic mon- 
itoring and thereby to document and resolve problems 
that might be identified by finding inappropriate initial 
positive rates. In addition, laboratories with small 
screening volumes are more likely to have skewed age 
populations. Two of the three laboratories that re- 
ported initial positive rates >8% also reported a large 
percentage of women aged =35 years (>15% in one 
case), and this might help explain the high initial pos- 
itive rate in these two cases. 

There has been widespread concern that a- 
fetoprotein kits designed for neural tube defect screen- 
ing might be unsuitable for fetal Down syndrome 
screening.” Maternal serum a-fetoprotein kits licensed 
by the U.S. Food and Drug Administration for neural 
tube defect detection have been designed to perform 
best in the range of 25 to 125 ng/ml. In contrast, the 
age-specific fetal Down syndrome screening cut-offs fall 
approximately in the range of 10 to 30 ng/ml. That 
some kits may be unsuited or suboptimal for fetal Down 
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syndrome screening is indicated by published reports 
of protocols for modifying existing a-fetoprotein as- 
says,'’'"? and a report of an excessive number of low 
maternal serum a-fetoprotein values with one of the 
licensed kits." In the present analysis, all of the man- 
ufactured kits now in common use in the United States 
yielded an acceptable initial positive rate (Table V). 
However, it was not possible to analyze the performance 
of the original 5-hour Kallestad kit (which has been 
reported to identify an excessive number of screened 
women as being at increased risk) because only one 
laboratory in the EQAS continues to use this kit for 
fetal Down syndrome screening. 

The median initial positive rate for users of enzyme 
immunoassay kits (EJA) (Abbott monoclonal and 
polyclonal, Hybritech) is 3.0%, and this is lower than 
the 4.8% for users of RIA kits (Amersham, Clinical 
Assays, Kallestad). The EIA kits use enzyme-labeled 
anti-a-fetoprotein antibody in a two-site immunometric 
design, whereas the RIA kits are competitive assays that 
use radiolabeled a-fetoprotein antigen. Two-site im- 
munometric assays are theoretically capable of mea- 
suring lower levels of analyte with higher precision than 
are competitive RIA." This theoretical advantage has 
been demonstrated experimentally for a-fetoprotein in 
one study.” If this observation were to hold true in 
‘general laboratory practice, increased assay precision 
for low maternal serum a-fetoprotein values would re- 
sult in a tightening of the maternal serum a-fetoprotein 
distributions, with a resulting decrease in the percent- 
age of values from both affected and unaffected preg- 
nancies falling below screening cut-offs. Examination 
of the intra-kit coefficients of variation for two identical 
proficiency test samples with a nominal value of 14 
IU/ml from the March 1988 EQAS survey shows av- 
erage coefficients of variation of 7.5%, 9.3%, and 16.4% 
for users of the three EIA kits, whereas laboratories 
that used the three RIA kits had intra-kit coefficients 
of variation of 10.7%, 14.0%, and 16.9%. Thus, two of 
the EIAs rank first-and second in precision for the six 
kits, but the other EIA is almost as imprecise as the 
lowest ranking RIA. Further, the most precise RIA 
ranks third overall and is comparable in precision to 
the two best EIAs. Therefore more data are needed to 
clarify this issue. 

Maternal serum a-fetoprotein screening for fetal 
Down syndrome is now in widespread use in the 
United States according to the present survey, and, 
overall, laboratories and test kits dedicated to that pur- 
pose appear to be performing satisfactorily. Areas 


where some laboratories could improve the quality of _ 


their performance include: (1) estimating risk with a 
combination of a screened woman’s age and her ma- 
ternal serum a-fetoprotein value, rather than a fixed 
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maternal serum a-fetoprotein cut-off and (2) collecting 
epidemiologic data from the population of screened 
women to determine the appropriateness of the pro- 
portion classified as being at high risk. Smaller labo- 
ratories are more likely to have difficulty in both of 
these areas and therefore may need to invest more 
effort to ensure reliable application of maternal serum 
a-fetoprotein measurements to screen for fetal Down 
syndrome. 
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Evaluation of the lemon and banana signs in one hundred 
thirty fetuses with open spina bifida 


Michiel C. Van den Hof, MD, FRCSC,* Kypros H. Nicolaides, MRCOG, 


James Campbell, MRCOG, and Stuart Campbell, FRCOG 


London, England 


The incidence and diagnostic accuracy of the lemon and cerebellar ultrasonographic markers, as well as 
head size and ventriculomegaly, were evaluated in a study of 1561 patients at high risk for fetal neural 
tube defects. In the 130 fetuses-with open spina bifida there was a relationship between gestational age 


and the presence of each of these markers. The lemon sign was present in 98% of fetusés at <24 weeks 


1 


gestation but in only 13% of those at >24 weeks’ gestation. Cerebellar abnormalities were present in 95% 
of fetuses irrespective of gestation; however, the cerebellar abnormality at =24 weeks’ gestation was 
predominantiy the banana sign (72%) whereas at gestations >24 weeks it was cerebellar “absence” 
(81%). Both growth regardation and-cerebrai ventriculomegaly significantly worsened with gestation while 
the head circumference remained disproportionately small throughout gestation. On the basis of these 
data, a new approach is proposed for the investigation of patients at high risk for fetal open spina bifida. 


(Am J Opstet GYNECOL 1990;162:322-7.) 


Key words: Ultrasonography, prenatal diagnosis, spina bifida, Arnold-Chiari malformation 


The ultrasonographic diagnosis of fetal open spina 
bifida has been greatly enhanced by the recognition of 
associated abnormalities in the skull and brain. These 
abnormalities include cerebral ventriculomegaly, mi- 
crocephaly, frontal bone scalloping (lemon sign), and 
obliteration of the cisterna magna with either an “ab- 
sent” cerebellum or an abnormal anterior curvature of 
the cerebellar hemispheres (banana sign). In a retro- 
„spective study of 70 fetuses with open spina bifida at 
16 to 24 weeks’ gestation the lemon sign was present 
in each instance while in those cases in which the pos- 
terior fossa could be evaluated, 95% had either an “ab- 
sent” or a banana-shaped cerebellum.’ Similarly, Fur- 
ness et al.” have reported the presence of the lemon 
sign in each of the 13 fetuses with open spina bifida 
that they diagnosed at 14 to 22 weeks’ gestation while 
Pilu et al.* noted posterior fossa and cerebellar abnor- 
malities in all 19 of their cases. Subsequently, the lemon 
and cerebellar ultrasonographic signs were prospec- 
tively studied at 16 to 24 weeks’ gestation from 903 
patients whose fetuses were at high risk for open spina 
bifida. Of the 62 cases with open spina bifida, 61 had 
a lemon-shaped skull and 59 an absent or banana- 
shaped cerebellum; the false-positive rates for the 
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lemon and abnormal cerebellar signs were 1% and 0%, 
respectively.“ i 

Recently, Nyberg et al. suggested that the presence 
of a lemon sign is related to gestational age. Among 
their 50 cases with open spina bifida, they noted a 
lemon sign in 89% of the 27 fetuses examined before 
24 weeks, in 50% of the 16 fetuses examined between 
24 and 34 weeks, and in none of the seven fetuses 
examined after 35 weeks. Similarly, Penso et al. ob- 
served the lemon sign in all 13 cases of open spina bifida 
diagnosed at 15 to 22 weeks’ gestation but in only three 
of the 11 cases that were examined at 27 to 40 weeks’ 
gestation. 

This study evaluates the incidence and diagnostic ac- 
curacy of the lemon and cerebellar signs, as well as head 
size and ventriculomegaly, in the investigation of 1561 
patients at high risk for fetal neural tube defects and 
examines the relationship between gestational age and 
the presence of each of these markers. 


Patients and methods 


During a 3-year period (1986 to 1988), 1561 patients 
at high risk for fetal neural tube defects were referred 
to our unit for a detailed ultrasonographic examina- 
tion. The specific indications were a personal or family 
history of neural tube defects (n = 396), ingestion of 
antifolate drugs (n = 14), raised maternal serum a- 
fetoprotein (n = 796), and suspected fetal neural tube 
defect from an initial routine ultrasonographic scan 
(n = 355). Gestational age was calculated from men- 
strual data and confirmed by ultrasonographic mea- 
surement of fetal femur length. Follow-up information 
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Table I. Indications for referral and numbers 
of fetuses with proved open spina bifida 


ne 










Affected 
fetuses 


(n = 130) 





Referrals 


Indication (n = 1561) 





History of neural 396 4 1% 
tube defect 

Raised maternal se- 796 43 . 5% 
rum a-fetoprotein 

Drugs 14 2 14% 


Suspicious ultrasono- 
graphic findings 


Lemon-shaped “19 9 47% 
skull 
Brain-spinal defect 336 72 21% 








was obtained through postmortem examinations and 
review of delivery records. 

In our unit each patient was scanned (Hitachi 
EUB360 or Aloka SSD-650) by an obstetrician, radiog- 
rapher, or midwife experienced in fetal anomaly scan- 
ning. The ultrasonographers were instructed to ex- 
amine the fetal head before examining the spine and 
to record the presence or absence of the lemon and 
cerebellar signs. The shape of the fetal skull was eval- 
uated from the section that is used routinely in this 
center for measuring the biparietal diameter. This is a 
transverse plane of the brain that shows a central mid- 
line echo broken in its anterior third by the cavum 
septum pellucidum and in which both the anterior and 
posterior horns of the lateral ventricles can be visual- 
ized. For examination of the posterior fossa a suboc- 
cipital bregmatic view was used.” The biparietal diam- 
eter, head circumference, hemisphere, anterior and 
posterior cerebral ventricles, abdominal circumference, 
and femur length were measured and values were com- 
pared to nomograms produced and routinely used in 
our unit. A detailed anatomic survey was then per- 
formed, including a complete longitudinal view of the 
fetal spine followed by sequential transverse scans of 
each neural arch. All anomalies were recorded, and 
whenever open spinal defects were diagnosed, their 
location and extent were noted. 

In five fetuses with open spina bifida diagnosed at 
24 weeks’ gestation, the parents elected to continue 
the pregnancy, and serial ultrasonographic examina- 
tions with biometric measurements were done. 

Statistical analysis was performed with the Statistics 
Package for Personal Computers (P. Royston, Timber- 
lake Clarke Ltd., 40B Royal Hill, London, UK SE 10). 
In normal fetuses with biparietal diameter, head cir- 
cumference, abdominal circumference, and femur 
length increase with gestation while the ratios anterior 
ventricle/hemisphere and posterior ventricle/hemi- 
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Fig. 1. Ultrasonographically determined head circumference 
of 130 fetuses with open spina bifida plotted on the reference 
range (95% confidence intervals) for gestation; cerebellar ab- 
normalities are indicated by an open triangle if “absent” and 
an open circle if banana-shaped. 


sphere decrease. In the fetuses with spina bifida, A- 
values, representing the degree of departure from the 
normal mean in SD units, were calculated for each of 
the above parameters. Regression analysis was then 
used to examine any correlation between A-values and 
gestation, while the x° test was used to determine the 
significance of observed differences in the incidence of 
ultrasonographic markers between the =24-week and 
>24-week groups. 


Results 


Open spina bifida was diagnosed in 130 of the 1561 
fetuses assessed (Table I) and was confirmed in all 
cases by postmortem or postnatal examinations; there 
were no cases in which the diagnosis was missed. The 
site of the spinal lesion was sacral (n = 30), lumbar 
(n = 8), thoracic (n = 1), cervical (n = 2), lumbosacral 
(n = 75), thoracolumbosacral (n = 5), or thoracolum- 
bar (n = 9). 

Of the 1431 fetuses without spina bifida, 1325 were 
anatomically normal, 64 had other central nervous sys- 
tem defects, and 42 had malformations of other sys- 
tems. The central nervous system anomalies included 
anencephaly (n = 18), encephalocele (n = 25), isolated 
hydrocephalus (n = 15), iniencephaly (n = 3), holo- 
prosencephaly (n = 1), Dandy-Walker malformation 
(n = 1), and absent cerebellar vermis (n = 1). The mal- 


formations of other systems were: abdominal wall de- 


fects (n = 15), renal malformations (n = 11), sacro- 
coccygeal teratomas (n = 4), isolated kyphoscoliosis 
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Fig. 2. Ultrasonographically determined abdominal circum- 
ference of 130 fetuses with open spina bifida plotted on the 
reference range (95% confidence intervals) for gestation. 









. o 
0.8 e 
e 
e 
es e 
2 oF , ° e 
ay aS cee . ° 
x 3 ee 
e 
o e c.. 3 
w.. 06 
cy) . 3 
$ i. 
a è ; e ; . 
e 
5 0.5 ag ot. e 
e 
N Seses $ 
a) ° Re Q 
2 04 28 
= ete 
5 ee 3 
> 3 .. ” 8 s 
0. . e 
fo} e e ° 3 
= 
2 
c 
< 02 
0.1 


OTe 
14 16 18 2 22 24 26 28 3 32 34 36 38 


Gestation (wks) 


Fig. 3. Ultrasonographically determined anterior cerebral 
ventricle to hemisphere ratio for 130 fetuses with open spina 
bifida plotted on the reference range (95% confidence inter- 
vals) for gestation. 


(n = 5), cystic hygromas (n = 4), congenital heart de- 
formities (n = 2), and VATER syndrome (vertebral de- 
fects, imperforate anus, tracheoesophageal fistula, and 
radial and renal dysplasia) (n = 1). 

The head and abdominal cicumferences and the 
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Fig. 4. Ultrasonographically determined posterior cerebral 
ventricle to hemisphere ratio for 130 fetuses with open spina 
bifida plotted on the reference range (95% confidence inter- 
vals) for gestation; a positive lemon configuration of the skull 
is indicated by a solid circle. 


anterior ventricle/hemisphere and posterior ventri- 
cle/hemisphere ratios of the 130 fetuses with open 
spina bifida are plotted on our reference ranges with 
gestation in Figs. 1 to 4. The presence or absence of 
the cerebellar and lemon signs is illustrated in Figs. 1. 
and 4, respectively. The incidence of these signs, as 
well as the incidence of abnormal measurements 
(outside 95% confidence intervals of normal ranges), 
is shown in Table II. The head circumference and 


abdominal circumference measurements were <2.5th 


percentile in 30 (23%) and 17 (13%) cases, respectively 
(Figs. 1 and 2). There were no fetuses with macro- 
cephaly or macrosomia (A-head circumference or 
A-abdominal circumference >97.5th percentile). 
Regression analysis demonstrated that the A- 
abdominal circumference fell significantly with gesta- 
tion (n= 130, r= —0.371, p<0.0001, con- 
stant = 0.906, slope = —0.077), while an analogous 
decrease in A-head circumference did not reach statis- 
tical significance (n = 130),7 = —0.135). The anterior 
ventricle/hemisphere and posterior ventricle/hemi- 
sphere ratios were >97.5th percentile in 79 (61%) 
and 98 (75%) cases and the A-values of both parame- 
ters increased significantly with gestation (n = 130, 
r = 0.209, p < 0.05, constant = 0.662, slope = 0.108 
and n = 130, r = 0.340, p < 0.001, constant = 0.475, 
slope = 0.155, respectively). 

Of the 130 fetuses with open spina bifida, only one 
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Table II. Ultrasonographic findings in 130 fetuses with open spina bifida in relation to gestational age 





' - Gestation . - 










Statistics 


Positive lemon sign ` i 105 i 3 ġ < 0.001 
Abnormal cerebellum 103 oe 2] NS 
Positive banana sign i > 74 4 p < 0.001 
“Absent” cerebellum : i 29 ose 17 
Anterior ventricle/hemisphere  - i 
ratio j ! . - 
> 50th Percentile : 94 ; oaa 23 NS 
> 97.5th Percentile , ; ` 6} > : 18 . NS 
Posterior ventricle/hemisphere ' l 
ratio ; ; 
> 50th Percentile : O 23 NS 
. > 97.5th Percentile : 79 . 19 NS 
Head circumference ‘ . 
< 50th Percentile l 87 ta 7 18 NS 
< 2.5th Percentile 20 | . 10 p< 0.05 
Abdominal circumference . ! ; : 
< 50th Percentile ; i 76 ie 22 p< 0.05 
< 2.5th Percentile l 9 l p < 0.001 


+ 
t 





Fable III. Sensitivity, specificity, and predictive values for the detection of open spina bifida in fetuses at 
< and > 24 weeks’ gestation by means of lemon and cerebellar signs , 





s ensitivity 


(%) 





Specificity 


Predictive value 


l Positive ` 
(%) 









Negative 


(%) > (%) 


= 24 wk . ; 
Lemon sign _ 98 99 se 92 99.8 
Cerebellar sign* f 96 100 ' , 100 99.7 
> 24 wk se. Te i ë nS 
Lemon sign ; x13 100 100 67 
Cerebellar sign* ' 9l 


: . i 
*Banana sign or “absent” cerebellum. 


had no abnormalities of the skull or brain; this was a 
fetus at 25 weeks’ gestation with an extensive lumbar 
lesion. In the remaining 129, there was a significant 
relationship’ between the incidence of the various mark- 


ers and gestation (Table II). Thus, among the 107 fe- - 


tuses with open spina bifida diagnosed at =24 weeks’ 
gestation, 105 (98%) cases had a positive lemon sign 
and 103 (96%) had abnormal cerebellar findings. The 
cerebellar abnormalities included presence of a banana 
sign in 74 fetuses and “absence” of the cerebellum in 
the remaining 29. In contrast, among the 23 patients 


diagnosed at >24 weeks’ gestation three (13%) showed . 


a lemon sign and 21 (91%) fetuses had cerebellar ab- 
_normalities (four with a banana sign and 17 with an 
“absent” cerebellum). In the 1367 cases with no cen- 
tral nervous system defects, nine had a lemon sign 
(false = positive rate = 0.01) and none had abnormal 
cerebellar signs. The ability of the lemon and cerebellar 
signs to predict open spina bifida at = and >24 weeks’ 
gestation was evaluated by measuring the sensitivity 
and specificity, as well as the predictive value of a pos- 


100 “100 96 


itive and negative test (Table III). These figures are for 
a referral group and cannot be extrapolated to the 
unselected population with a much lower prevalence 
of positive findings. 

In each of the five patients with fetal open spina 
bifida at =24 weeks’ gestation where the pregnancy was 
not electively aborted, there was a lemon sign on initial 
ultrasonographic examination but this disappeared 
with advancing gestation (Table IV). In three cases the 


+ fetus was found to have a banana-shaped cerebellum 


on the initial examination; this was subsequently “ab- 
sent” in two, while in the third the banana-shaped cere- 
bellum was. still present during the final scan at 29 


- weeks’ gestation.. In the remaining two cases the cere- 


bellum was “absent” at both the initial and subsequent 
scans.” a i 


Comment 

In the vast majority of fetuses with open spina bifida, 
there are associated abnormalities of the skull and 
brain, and this study has demonstrated that these ab- 
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Table IV. Evolution of cranial and cerebellar signs with gestation in five cases of open spina bifida 




















Gestational 
age (wk) 


Case 






Cerebellum 


l 18 ° S + Banana 
36 i - Absent 
2 19 S + Banana 
25 - Banana 
29 a Absent 
34 ~ Absent 
3 19 LS + Absent 
30 - Absent 
4 19 S + Banana 
23 F Banana 
29 - Banana 
5 20 TLS + Absent 
24 + Absent 
27 - Absent 


A-Value (SD from mean) 





Head 
circumference 


Posterior 
ventricle/hemisphere 
ratio 


Anterior 
ventricle! hemisphere 
ratio 






-2.0 2.7 4.4 
-0.4 3.7 6.6 
-2.8 2.9 0.0 
-26 21 14 
-3.1 3.27 6.3 
-2.9 2.1 5.0 
-0.6 3.2 46 
-3.4 0.3 0.5 
-2.0 -0.6 Ll 
-0.9 2.1 13 
-2.0 3.0 L9 
-2.4 -1.3 1.0 
-2.0 23 2.9 
-19 0.6 2.9 





*§, Sacral; LS, lumbosacral; TLS, thoracolumbosacral. 


normalities evolve with gestation. Thus the lemon sign 
was present in 98% of fetuses at <24 weeks’ gestation 
but in only 13% of those at >24 weeks’ gestation. Cere- 
bellar abnormalities were present in 95% of fetuses 
irrespective of gestation; however, the cerebellar ab- 
normality at =24 weeks’ gestation was predominantly 
the banana sign (72%) whereas at gestations >24 weeks 
it was cerebellar “absence” (81%). The validity of the 
hypothesis, that these skull and brain signs follow a 
systematic change in conjunction with fetal develop- 
ment, is reinforced by the finding that, in those fetuses 
studied longitudinally, the pattern of evolution for ul- 
trasonographic markers was similar to that found in 
fetuses studied cross-sectionally. 

Images of these easily recognizable alterations in 
skull and brain morphologic features are often more 
readily attainable than detailed spinal views. Indeed, in 
several of our cases with very obvious cranial and cere- 
bellar signs, ultrasonographic demonstration of the 
spinal lesion was possible only after a prolonged and 
diligent search by experienced operators. In a post- 
mortem study of aborted fetuses with open spina bifida, 
Bell et al.* reported that isolated sacral defects were not 
associated either with ventriculomegaly or with the 

_ Arnold-Chiari malformation. However, in the present 
study it was especially reassuring that all sacral tip le- 
sions were consistently accompanied by these ultrasono- 
graphic markers, In contrast, the only case with a totally 
normal skull and brain was one with an extensive lum- 
bar defect that was readily visible on spinal views. In- 
terestingly, in the study of Nyberg et al.,> the three cases 
of open spina bifida with a normal-shaped skull at <24 
weeks’ gestation also had lumbar lesions. 


The cerebellar signs of open spina bifida are a con- 
sequence of the Arnold-Chiari malformation.® ° These 
may be attributed to a coning phenomenon that is sec- 
ondary to decreased intraspinal pressure" and/or a 
tethering of the spinal cord at the site of the lesion, 
with downward displacement of the brain as the fetus 
grows.’ The lemon sign may then be the result of de- 
creased intracranial pressure and collapse of the nor- 
mal frontal contour. Although with advancing gestation 
there is further herniation of the brain through the 
cisterna magna, with a consequent increase in the in- 
cidence of an “absent” cerebellum, the lemon sign dis- 
appears. The loss of the lemon sign may be due to 
decreased deformability of the skull or alternatively to 
the cerebral ventriculomegaly, which may compensate 
for the loss of brain mass through the cisterna magna. 
Supportive evidence for the latter may be provided 
from the finding of progressive ventriculomegaly with 
advancing gestation; however, a substantial proportion 
of fetuses with open spina bifida and a positive lemon 
sign at =24 weeks’ gestation had ventriculomegaly of 
a degree comparable to that of fetuses from later ges- 
tations where the lemon sign was absent (Fig. 4). 
Thus, in agreement with both Penso et al and 
Nyberg et al.,° we favor the hypothesis that the’ultimate 
loss of the lemon sign in fetuses with open spina bifida. 
results from maturation and strengthening of the fetal 
skull.® © 

Cerebral ventriculomegaly is common in fetuses with 
open spina bifida, and both the anterior and posterior 
horns of the lateral ventricles enlarge progressively 
with advancing gestation (Figs. 3 and 4). Despite this 
progressive ventriculomegaly, the head circumference 
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remains disproportionately small throughout gestation. 
Wald et al.,* who reported that biparietal diameters 
were significantly smaller in fetuses with spina bifida, 
attributed this reduced head size to fetal growth retar- 
dation. Roberts and Campbell’ subsequently con- 
firmed the reduction in biparietal diameter; however, 
they suggested that this was not due to fetal growth 
retardation because in their 15 fetuses with spina bifida 
at <24 weeks’ gestation the abdominal circumference 
was well within normal limits." The findings of the 
present study indicate that in fetuses with open spina 
bifida the abdominal circumference is reduced and the 
degree of growth retardation increases with advancing 
gestation. However, it is unlikely that the observed re- 
duction in head size is due to overall fetal growth re- 
tardation as this relative microcephaly is present in 
early gestations when abdominal circumference mea- 
surements are still within normal limits. 

In routine ultrasonographic scanning of pregnant 
women, demonstration of fetal cranial and cerebellar 
markers identifies a group at high risk of open spina 
bifida. Even for gestations >24 weeks, when the lemon 
sign is no longer useful, cerebellar signs, cerebral ven- 
triculomegaly, and relative microcephaly are often 
present. Patients with suspected fetal cranial and cere- 
bellar signs, as well as those with raised maternal serum 
a-fetoprotein levels, antifolate medications, or a history 
of neural tube defects, should be referred to experi- 
enced ultrasonographers where a confident diagnosis 


of open spina bifida can be made by a diligent exam-- 


ination of the fetal spine. Present data indicate that in 
such patients, if results of an ultrasonographic exam- 
ination of the fetal spine, cranium, and cerebellum ap- 
pear to be normal, the chance of an undetected spinal 
lesion must be extremely low and therefore amniocen- 
tesis, with a procedure-related risk of up to 1%, is un- 
necessary. In contrast, amniocentesis should be con- 
sidered for those patients in whom definitive spinal 
defects cannot be demonstrated despite suggestive cra- 
nial and cerebellar signs. 


10. 


ll. 


12. 


13. 


14. 


15. 
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Maternal serum a-fetoprotein levels in pregnancies among 


black and white women with fetal open spina bifida: 
A United States Collaborative Study 


A. Myron Johnson, MD, Glenn E. Palomaki, BS, and James E. Haddow, MD 


Scarborough, Maine 


In the present study second-trimester maternal serum a-fetoprotein levels were analyzed from 146 
pregnancies associated with fetal open spina bifida to identify whether affected pregnancies from the black 
population were associated with higher maternal serum a-fetoprotein levels than their white counterparts. 
Pregnancies in black women not affected by open spina bifida are already known to have higher maternal 
serum a-fetoprotein levels. All of the cases were analyzed with gestational ages assigned by last 
menstrual period, and all maternal serum a-fetoprotein values were expressed as multiples of the median, - 


to correct for differences in gestational age and assay among the 15 centers reporting data. The levels 
from affected pregnancies in white and black women fit log Gaussian distributions, with medians of 3.10 
and 4.37 multiples of the median, respectively, on the basis of singleton, unaffected, white pregnancy 
medians. These results support adjustment of maternal serum a-fetoprotein values for race in black 
women; in addition, if a screening program’s policy is to screen at’a comparable risk in the two races, a 
higher maternal serum «-fetoprotein multiple of the median cutoff would be justified for black women. (Am 


J Opstet GynecoL 1990;162:328-31.) 


Key words: Maternal race, a-fetoprotein, open spina bifida 


The quantification of maternal serum o-fetoprotein 
levels during the second trimester is now widely used 
to screen for several types of fetal birth defects, par- 
ticularly open neural tube defects.'"? Of the two com- 
mon forms of open neural tube defects, anencephaly 
is the more easily detected prenatally by maternal se- 
rum a-fetoprotein values and by ultrasonography. 
Open spina bifida, in contrast, is associated with ma- 
ternal serum a-fetoprotein levels that overlap with 
those in unaffected pregnancies. The setting of deci- 
sion levels (cutoffs) for further evaluation of elevated 
maternal serum a-fetoprotein levels is therefore aimed 
at maximizing detection of open spina bifida while min- 
imizing false-positive results, that is, selecting a reason- 
able compromise between sensitivity and specificity. 

The present report examines the distribution of ma- 
ternal serum a-fetoprotein levels in 146 pregnancies 
associated with fetal open spina bifida, on the basis of 
data from 15 centers in the United States, and analyzes 
the influence of maternal race in these affected preg- 
nancies. Pregnancies in black women without fetal mal- 
formations are known to be associated with higher ma- 
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ternal serum a-fetoprotein levels than similar preg- 
nancies in white women.** However, no analysis of 
racial differences in maternal serum a-fetoprotein 
levels in pregnancies with fetal open spina bifida has 
been reported to date. 


Methods 


Contributing centers. Sixty-five maternal serum a- 
fetoprotein screening programs in the United States 
were invited to submit data on pregnancies with open 
spina bifida completed by the end of 1986. The pro- 
grams were selected on the basis of participation in an 
External Quality Assessment Scheme for Pregnancy 
AFP,‘ initially funded by the Department of Health and 
Human Services, and on their ability to provide com- 
plete ascertainment of open spina bifida in all screened 
pregnancies during the period of study. Sixteen pro- 
grams meeting these criteria submitted data on 164 
relevant pregnancies. 

Case selection. Data analysis was restricted to ma- 
ternal serum a-fetoprotein measurements on first se- 
rum samples from women with (1) a reported race on 
the maternal serum a-fetoprotein order form, (2) sin- 
gleton pregnancies associated with fetal open spina bi- 
fida, either alone or with hydrocephalus, and (3) a ges- 
tational age estimated by last menstrual period. Fetuses 
with any other defects, including chromosomal abnor- 
malities, were excluded, as were cases in which initial 
screening was performed before 14 or after 22 com- 
pleted weeks’ gestation. Three cases with initial mul- 
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Table I. Participating centers and number of pregnancies with fetal open spina bifida for which maternal 
race and dating by last menstrual period were available 


No. of cases reported 





I. Bowman Gray School of Medicine, Winston-Salem, N.C. 29 2 
2. California AFP Screening Program, Berkeley, Calif. 18 2 
3. Case Western Reserve University, Cleveland, Ohio 14 2 
4. Eastern Virginia Medical School, Norfolk, Va. 2 0 
5. Foundation for Blood Research, Scarborough, Me. f 25 l 
6. Regional Medical Genetics Laboratory, Thiells, N.Y. 4 0 
7. Southwest Biomedical Research Institute, Scottsdale, Ariz. 3 0 
8. Thomas Jefferson University, Philadelphia City,. Pa. l 3 
9. University of California at Los Angeles, Calif. 5 0 
10. University of lowa Hospitals & Clinics, lowa City, lowa 4 0 
11. University of North Carolina, Chapel Hill, N.C. 13 2 
12. University of Rochester Medical Center, Rochester, N.Y. 5 0 
13. University of South Florida, Tampa, Fla. 2 0 
14. University of Vermont, Burlington, Vt. 5 0 
15. Womens and Infants Hospital, Providence, R.I. _4 0 
TOTAL 134 12 








*Investigators, by center: (1) Barbara K. Burton, MD; (2) George C. Cunningham, MD, and Linda Lustig; (3) Lois Dickerman, 
PhD, and Susan M. Lewis; (4) George L. Wright, Jr., PhD, and Diane N. Brassil; (5) James E. Haddow, MD, George J. Knight, 
PhD, and Glenn E. Palomaki; (6) Lawrence R. Shapiro, MD; (7) Frederick Hecht, MD, and Linda A. Bradley, PhD; (8) F. Susan 
Cowchock, MD, and Denise A. Ruch; (9) Barbara Crandall, MD; (10) Roger A. Williamson, MD, and Stanley Grant; (11) John 
Seeds, MD, and Lauren Lingley; (12) Robert A. Mooney, PhD. and Dean A. Arvan, MD; (13) William F. O’Brien, MD, and 


Deborah Sternlicht; (14) Carol J. P. S. Walters, PhD; (15) Jacob A. Canick, PhD, and Diane Panizza. 


tIncludes one Filipino woman. 


tiples of the median <0.3 because of markedly over- 
estimated gestational age also were excluded from data 
analysis.’ 

Race. The remaining 146 pregnancies from 15 cen- 
ters (Table I) included 12 black women, 133 white 
women, and one Filipino woman. Only black women 
are known to have maternal serum a-fetoprotein levels 
that are different from those in white women; for data 
analysis in this study, the Filipino woman was included 
with the white women. Three of the six centers re- 
porting affected pregnancies in black women routinely 
adjusted multiple of the median levels for race** while 
three did not. For this study, race-adjusted multiple of 
the median levels were converted to unadjusted levels 
according to each center’s own method. 

Gestational age. This analysis was restricted to cases 


in which gestational ages by last menstrual period were. 


available, so that the data could be compared with those 
of the United Kingdom Collaborative Study.’ For clin- 
ical interpretation, initial assignment of gestational age 
by the reporting centers was based on last menstrual 
period in 9 (75%) of the pregnancies in black women 
and 113 (84%) of the pregnancies in white women and 
on ultrasonography in the remainder. 

a-Fetoprotein assays. Radioimmunoassay was per- 
formed in nine of the centers, with in-house reagents 
or kits from various suppliers; enzyme immunoassay 
was done in five centers, and a combination of both 
methods was used in two centers. 


Statistical analysis. Statistical analyses were per- 
formed with multiple of the median values that were 
based on each center’s own reference data, thereby ac- 
counting for interlaboratory differences resulting from 
method or standardization. All analyses were per- 
formed with the BMDP statistics package.’ 


Results 


The maternal serum a-fetoprotein levels for the 146 
pregnancies associated with fetal open spina bifida are 
shown in Fig. 1. All levels are expressed as multiples 
of the unaffected, singleton, white pregnancy median 
for a given gestational age, unadjusted for mater- 
nal weight or race. The median maternal serum a- 
fetoprotein levels for pregnancies with fetal open spina 
bifida in white and black women are 3.10 and 4.37 
multiples of the median, respectively (Table II). 

The distributions of maternal serum a-fetoprotein 
multiple of the median levels for each of the two races 
closely fit a log Gaussian distribution, with logio means 
and standard deviations and geometric means given in 
Table II. The levels in affected pregnancies in black 
women are significantly higher than those in affected 
pregnancies in white women. A two-tailed pooled ¢ test 
on the log,;.—transformed multiple of the median values 
yields ¢ = —2.31, p = 0.02 with 144 df; Levene’s 
F test for equal variance yields F = 0.07, p = 0.8, in- 
dicating that the variances for the two groups are not 
significantly different. The standard deviations ob- 
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Fig. 1. Maternal serum a-fetoprotein levels, expressed as multiples of the white, unaffected preg- 
nancy median, in pregnancies from 134 white (©) and 12 black (@) women, versus completed week 
of gestation as measured by last menstrual period. 


Table II. Maternal serum a-fetoprotein multiple of the median levels.in pregnancies with fetal open spina 


bifida in black and white women 






Percentiles* 


Race 


White 134 2.08 3.10 
Black 12 3.22 4.37 


: 





Geometric meant 


0.494 0.265 3.12 
0.641 0.263 4.38 











*Multiples of the median in white women, not adjusted for maternal weight or race. 
195% Confidence intervals: 2.8 to 3.5 and 3.1 to 6.2 multiples of the median, respectively. 


tained by using the complete sample set are not ma- 
terially different from those estimated by using the 10th 
and 90th percentiles. 


Comment 

Maternal serum a-fetoprotein levels in singleton 
pregnancies without fetal defects, expressed as multi- 
ples of the median for gestational age, fit a log Gaussian 
distribution with a median, by definition of 1.0 multiple 
of the median.' The maternal serum a-fetoprotein 
levels in pregnancies associated with fetal open spina 
bifida in white women also fit a log Gaussian distribu- 
tion but with a higher median (3.89 multiples of the 
median in the United Kingdom Collaborative Study 
and 3.10 multiples of the median in the current study). 
` Most maternal serum a-fetoprotein screening pro- 
grams worldwide use the United Kingdom distribu- 
tions, in association with local open spina bifida prev- 


alence data, to derive estimated risk of fetal open spina 
bifida at various maternal serum a-fetoprotein levels. 

This is the first published comparison of maternal 
serum a-fetoprotein levels in pregnancies associated 
with fetal open spina bifida in black and white women. 
Black women with unaffected pregnancies are known 
to have higher maternal serum a-fetoprotein levels 
than white women, with an average difference of ap- 
proximately 15%,'° but it has not been known whether 
maternal serum a-fetoprotein levels were proportion- 
ately higher in pregnancies with fetal open spina bifida 
in black women versus white women. The median levels 
found in this study are significantly higher (41%) in 
affected pregnancies in black women. 

The racial difference underscores the validity of ad- 
justing the maternal serum a-fetoprotein levels in black 
women? " or of establishing separate medians for this 
population.* "" Regression analysis of two sets of 
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published data on unaffected pregnancies in black ~ 


women? suggests that the levels in black, and. white 


women may converge as gestational age increases be- : 


tween 14 and 21 weeks; however, in the absence of 
separate medians for black women, the multiplication 
of medians for white women by approximately 1.15 (or 
‘the division of multiple of the median levels from the 
population of black women by 1.15) ‘appears to be a 
‘reasonable method of adjustment, ' given the wide con- 
fidence intervals. a 
If the sensitivity of maternal serum a-fetoprotein 
screening for open spina bifida in pregnancies in black 
women is to be equivalent to that in pregnancies in 
white women, a similar cutoff may be used, after a 
correction for race is made. However, since the prev- 
alence of fetal open spina bifida in pregnancies in black 


women is only 1/6 to 1/2 that in white women," a. 


higher maternal serum a-fetoprotein multiple of the 
median cutoff needs to be used if a screening program’s 
policy is to screen at a comparable risk. 


; 
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Recurrent allergic vulvovaginitis: Treatment with Candida 


albicans allergen immunotherapy 


Desirée Rigg, MD, PhD, Michael M. Miller, MD,” and W. James Metzger, MD* 


Greenville, North Carolina, and Knoxville, Tennessee 


Recurrent vaginal candidiasis is a difficult problem for many women who do not respond to the usual 
antifungal agents. Normally these women have recurrent disease for many years before they are referred 
for evaluation of local vaginal hypersensitivity. We evaluated 18 women with recurrent vulvovaginal 
candidiasis that was unresponsive to all other modalities of therapy and who were skin-test positive to 
Candida albicans with a positive prick test or intradermal skin test. Three patients had late-phase skin test 
reactions only. Of the 18 study participants, 16 responded with significant improvement in the mean 
incidence of episodes of vaginitis per year from 17.2 + 2.0 to 4.3 + 1.8 (p < 0.0004). Overall, there was 
approximately 79% improvement in these patients. More than half the women were also atopic but were 
not first seen with these allergic symptoms. These data suggest that certain women who have chronic 
vaginal candidiasis may have a local hypersensitivity response to Candida that may improve with allergy 
immunotherapy with C. albicans extract. A double-blind, placebo-controlled trial in a homogeneous group 
of women with standardized extract is needed to establish this as a recommended form of therapy in this 


subgroup of patients. (Am J Osstet GYNECOL 1990;162:332-6.) 


Key words: Recurrent allergic vulvovaginitis, Candida albicans, allergen immunotherapy 


Recurrent vulvovaginal candidiasis is a common 
problem among women.who have recurrent infections, 
pain, discharge, and dyspareunia. However, the cause 
of recurrent candidiasis in these women remains an 
enigma, Because 25% of normal asymptomatic women 
harbor Candida albicans in the vagina, the mere pres- 
ence of the C. albicans organism in the vaginal vault is 
not the only factor responsible for vaginal symptoms 
associated with vulvovaginal candidiasis.’ Commonly 
recognized predisposing factors in vulvovaginal can- 
didiasis include diabetes mellitus, oral contraceptive 
use, and antibiotic administration. However, the ma- 
jority of women with the chronic syndrome consistently 
lack these factors. Therefore, other factors in addition 
to presence of Candida in the vagina must be responsible 
for symptomatic vaginitis. 

Certain antigen-specific defects of T suppressor lym- 
phocyte function have been observed in women with 
recurrent Candida vaginitis by several teams of inves- 
tigators.”* Most commonly there has been evidence for 
diminished in vitro lymphocyte transformation with 
in vitro exposure to Candida antigen, which has been 
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‘attributed to a reversible (with prostaglandin inhibitors) 


macrophage defect in some women.’ It has also been 
associated with zinc deficiency in certain persons.’ 
Others have suggested that an abnormal absence of 
Lactobacillus in the vagina may predispose some women 
to recurrent disease.’ Finally, some have proposed a 
local immediate hypersensitivity. response to Candida in 
allergic women,’ and Witkin et al." identified Candida- 
specific immunoglobulin E antibodies in vaginal washes 
of saline solution. Those women with hypersensitiv- 
ity to C. albicans tend to be atopic? and, for this 
reason, some investigators have treated a few women 
with Candida immunotherapy.’® '! Other studies have 
shown improvement after immunotherapy” in as 
many as 80% of the women who were tested, but the 
numbers of study participants were small and no 
double-blind, placebo-controlled trials have been com- 
pleted. . 

These studies were instituted because several refer- 
ring obstetrician-gynecologists asked our support in the 
evaluation of women with regard to the possibility of. 
local vaginal hypersensitivity. Both physicians and pa- 
tients were completely frustrated by years of symptoms 
and seemingly no benefit from the usual methods of 
treatment. These usually included repetitive courses of 
antifungal agents. Some of these women had been 
given high-dose ketoconazole. We administered im- 
munotherapy with Candida extract over a period of 1 
to 3 years to a group of 18 women in whom recurrent 
Candida vaginitis had been diagnosed by culture and 
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Table I. Characteristics of patient population 








Duration of 


Skin test response 
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Vaginal Oral contraceptive 


Patient symptoms (yr) culture use (yr) 
l 32 2 Yes Positive NA Positive None 
2 28 10 Yes Positive Negative Positive 10 
3 38 8 No Positive NA Positive None 
4 27 8 No Positive Positive Positive 9 
5 24 9 No Positive - Positive Positive 9 
6 28 7 Yes Positive Positive Positive 6 
7 38 7 Yes Positive NA Positive None* 
8 30 2 No Positive NA Positive None 
9 47 32 Yes Positive NA Positive None 

10 37 10 No Negative Positive Positive 12 

11 29 1 Yes Positive NA Positive None 
12 35 5 Yes Positive Positive Positive _ None 
13 30 3 Yes Positive NA Positive None 
14 48 15 Yes Positive Positive Positive None 
15 32 3 No Negative Positive Positive None 
16 30 7 Yes  _ Negative Positive Positive None 
17 36 17 No Positive NA Positive 16 

18 39 18 Yes Positive NA Positive None 








NA, Not available; Atopy, More than five positive inhalant skin tests (prick) and a consistent history. 


*Menstrual cycle related, midcycle. 


who had positive immediate or late-phase allergic skin 
reactions to C. albicans and had a reduction of vaginal 
symptoms when treated with a short course of systemic 
corticosteroids. A total of 89% of these women derived 
benefit from the immunotherapy with a significant 
(p < 0.0004) decrease in episodes per year of vagini- 
tis. These data suggest the need for a double-blind, 
placebo-controlled trial of this therapy in a homoge- 
neous group of women with a standardized extract 
given in an adequate dose. 


Material and methods 


Patient population. A total of 18 patients with re- 
current vaginal candidiasis were refered to a private 
allergy practice (Knoxville, Tenn.) or the outpatient 
clinic of the Department of Medicine, Section of Al- 
lergy/Immunology, East Carolina University, by their 
local gynecologists for evaluation of chronic local vag- 
inal candidiasis. These patients did not have systemic 
symptoms nor were the referrals made on the basis of 
any consideration of a generalized yeast infection. All 
patients were referred after treatment of recurrent 
symptoms for =1 year. All patients had established pos- 
itive C. albicans vaginal cultures and positive fungal 
smears made during pelvic examinations. All patients 
were previously treated with repeated local antifungal 
vaginal suppositories or systemic antifungal agents in- 
cluding ketoconazole. The diagnosis of recurrent vag- 
inal candidiasis was made on the basis of symptom- 
atology including profuse vaginal discharge or cheesy 
discharge with potassium hydroxide preparations of 
vaginal mucus with hyphae and positive cultures for 


C. albicans. Every patient had at least three episodes 
during the previous year for which the response to 
antifungal agents was short-lived. No patient had dia- 
betes mellitus. In general, these patients were referred 
for evaluation because all other treatment modalities 
had failed and both the patient and the referring phy- 
sician had exhausted all other known possibilities. Al- 
though many patients were later found to be atopic, 
this was an infrequent symptom when patients were 
first seen. 

Allergy evaluation. All patients were evaluated with 
a standard battery of inhalant allergens (Greer Labo- 
ratories, Lenoir, N.C.) with standard prick and intra- 
dermal skin testing techniques." In addition, each pa- 
tient was tested with C. albicans extract (Greer Labo- 
ratories). If results of prick testing were negative, then 
intradermal testing was performed with a 1:1000 
weight/volume dilution of C. albicans extract. A wheal 
surrounded by erythema that was greater than saline 
solution control was considered positive." An intra- 
dermal wheal 5 mm greater than control with erythema 
was considered positive. At 6 hours the patient was 
asked to evaluate the skin test site or was asked to return 
to the clinic where the skin test site was evaluated by 
allergy clinic personnel. A late-phase cutaneous re- 
sponse (6 to 8 hours) of =3 mm induration and ery- 
thema, was considered a positive late-phase response." 
A histamine (1 mg/ml) skin test was also applied in all 
cases. 

A standard allergy and medical history and physical 
examination were performed in each patient. 

Treatment with allergen immunotherapy. If a pa- 
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Table II. Results of therapy with Candida allergen immunotherapy 











Cumulative 
dose 






Treatment 


Patient (months) 





1 32 990,000 47 
2 28 416,000 28 
3 38 276,000 16 
4 27 226,000 15 
5 24 186,000 31° 
6 28 145,000 10 
7 38 141,000 ` 24 
8 30 97,000 14 
9 47 96,000 17 
10 37 96,000 10 
1l 30 51,000 ll 
12 ` 35 23,000 37 
13 30 200,000 51 
14 48 99,000 ll 
15 32 NA 12 
16 30 300,000 49 
17 36 128,000 30 
18 39 80,000 12 
Mean 33.8 a — 









Incidence of 
candidiasis 
(episodesiyr) 






% 


Before Improvement 


12 0.8 93.3 
24* 0.3 98.8 
24* l . 95.8 
24 24* 0 

3 0.7 76.7 
12 l 91.7 
12 2 83.3 
247 4 83.3 
12 2 83.3 
4 0 100 

24% 12 50.0 
24* l 95.8 
12 2 83.3 
24* 24* 0 

12 0 100 

24* 0 100 

24% 1 95.9 
24% 2 91.6 

17.2 + 1.984 4.3 + 1.8 79.0 + 7.5 











*Chronic persistent disease, with more than two episodes per month, 


{Chronic symptoms with dyspareunia. _ 


Difference is significant at p < 0.0004 by Wilcoxon signed rank sum test. 


tient had a positive immediate skin test reaction or a 
late-phase cutaneous response with prick testing or in- 
tradermal skin testing, the patient was offered the op- 
tion of allergy immunotherapy for 21 year. Each pa- 
tient was educated with regard to the benefits and risks 
of allergy immunotherapy and gave informed consent 
as to the small number of previous studies that have 
been done in this area. Before therapy in one group 
of patients (Knoxville, Tenn.), each patient was given 
40 mg of prednisone daily for 5 days to evaluate the 


response of the vaginal symptoms to the potential anti- 


inflammatory effects of corticosteroids. Allergy im- 
munotherapy was begun with standard technique with 
subcutaneous injections given at weekly or twice-weekly 
intervals with a gradual increase in dosage until a main- 
tenance dose of 10,000 protein nitrogen units (PNU) 
per milliliter for Candida or its equivalent was reached. 
All extracts of C. albicans were obtained commercially 
(Greer Laboratories). Once maintenance dose was 
reached, weekly to monthly doses of 0.5 ml or 1.0 ml 
of the 10,000 PNU/ml solution was given. All patients 
continued to receive therapy except patients 11 and 14 
(Table I). All patients continued to have sexual inter- 
course during therapy. Their partners were not eval- 
uated or treated during this time. Several patients also 
received doxepin 10 mg at bedtime as required for 
pruritus during the first several months of therapy. 


Results 


Patient characteristics. Of the 18 patients who were 
treated, all patients had established positive C. albicans 


cultures of the vagina performed during the preceding 
year (Table I). The duration of symptoms ranged from 
1 to 32 years. Most patients had been symptomatic from 
3 to 10 years with a mean of 19 years. Ages ranged 
from 24 to 47 years with a mean age of 34 years. None 
was diabetic. Six patients took oral contraceptives for 
>6 months before they received immunotherapy, but 
none noticed a decrease in symptoms while not taking 
oral contraceptives. One patient took oral contracep- 
tives during therapy. Eleven patients were atopic on the 
basis of symptomatic history evaluation and skin test- 
ing. There were 15 of the 18 study participants who 
had positive immediate skin reactions to C. albicans but 
three had a late-phase skin test reaction only. Of the 
patients screened for treatment, approximately one 
third did not qualify. 

Treatment results. The incidence of candidiasis be- 
fore therapy ranged from three episodes per year to 
complete chronicity of symptoms; most patients had 
constant symptoms or at least monthly episodes of 
vaginal candidiasis. The mean incidence rate was 
17.2 + 2.0 episodes per year before therapy; the mean 
relapse rate was 4.3 + 1.8 episodes per year after ther- 
apy (Table II). However, in three patients there was 
complete remission and, in two others improvement 
was not observed. In 10 patients, symptoms were 
reported to be present daily before therapy. For 
purposes of statistical quantitation, we gave these 10 
patients an estimated value of 24 episodes per year. 
Therefore, the relative improvement is much greater 
than that indicated by the change in episode numbers 
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for these 10 persons. Incidence of episodes decreased. 


from 100% to 67% in 15 of the 18 patients. The change 
in incidence was highly significant (p < 0.0004). Over- 
all, there was an approximately 79% improvement. A 
total of 61% of the patients were atopic and had mild 
to severe allergic rhinitis. However, seven patients were 
not atopic but they showed positive skin reactions to 
skin testing with C. albicans extract. This percentage is 
highly unusual.’ Only one patient noted that vaginitis 
began midcycle. This could suggest the possibility 
of Déderlein cytolysis (Lactobacillus overgrowth syn- 
drome).!® 


Comment 


Of the 18 patients treated with standard allergen 
immunotherapy with C. albicans, 16 showed marked 
improvement. Two patients had no detectible change 
in symptoms. 

The overall improvement of the group was approx- 
imately 80% (16/18), with a significant decrease in 
episodes of vaginitis from 17.2 to 4.3 per year (p< 
0.0004). Several of these patients were also atopic (61%) 
and were clinically symptomatic. However, in seven pa- 
tients (39%) there was no evidence of atopy, but, they 
had a positive immediate or late skin response to Can- 
dida similar to previous reports. In a study by Gordon 
and Klaustermeyer,’ the incidence of positive prick test 
results was low, but intradermal tests were positive at 
a high concentration =107° weight/volume (almost 
equally between atopic and normal subjects). Those who 
responded to low concentrations tended to be atopic. 

Candida vulvovaginitis is a tragic syndrome for many 
women; however, its pathogenesis is unknown. Several 
factors have been attributed to its cause.'® Fungal ad- 
herence to vaginal epithelium has been demonstrated 
in its hyphal form, but previous damage to the epithelial 
membrane may be necessary to easily accomplish this. 
Penetration of epithelial cells by germ tubes may be 
inhibited by treatment with ketoconazole, a process that 
may be enhanced by the secretion of phospholipase.” 
Moisture increases the virulence of C. albicans and an 
increase in local moisture from pantyhose and nylon 
underwear may contribute to vaginitis. An imbalance 
between lactobacilli and C. albicans, or a deficiency in 
zinc® have been noted in symptomatic patients. Oral 
contraceptives and pregnancy, which may modify the 
local vaginal pH, and broad spectrum antibiotics may 
also instigate infections. It is probably not transferable 
sexually so that the treatment of male partners has not 
affected the outcome of treatment’® in carefully con- 
trolled double-blind studies. 

One factor that does seem to be consistent through- 
out previous studies is a defect in the patient’s cellular 
immune response. This has been localized to a sup- 
pressor macrophage that secretes prostaglandins to in- 
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hibit lymphocyte proliferation.* * The host’s immune 
response can vary in the presence of vaginal candidiasis 
from hypersensitivity of the immediate form to anergic 
states with the presence of mixed microbial infections 
in a few persons.’ In Meech’s study’ of 22 women with 
recurrent candidiasis, the manifestations of the symp- 
toms were unrelated to the number of yeast forms in 
the vagina, but-there were two distinct immune re- 
sponses to the yeast infection: (1) anergy with high 
circulating immunoglobulin G antibody titers in women 
who were first seen with thrush plaques in the vagina, 
and (2) immediate skin test positive reactions (presum- 
ably immunoglobulin E antibody) and otherwise nor- 
mal B cell and T cell function present in women who 
were first seen with acute edematous pruritic forms of 
vulvovaginitis. Witkin et al have shown detectable 
levels of prostaglandin F, (presumably locally pro- 
duced) that could modify the local immunologic milieu. 

Several physicians have reported success with stan- 
dard allergen immunotherapy,'*”” perhaps because of 
a modification in the suppressor cell activity brought 
about by the Candida immunotherapy.’ Rosedale and 
Brown” also showed the need for high-dose immu- 
notherapy inasmuch as their low-dose, double-blind, 
placebo-controlled trial failed. 

In our studies we also found apparent success 
with standard immunotherapy used prospectively in a 
subgroup of women with recurrent candidiasis who 
were resistant to other known forms of treatment. 
These women were limited to patients who had positive 
skin test results with either an early or late response to 
C. albicans extract and had, for the most part, a favor- 
able response to a brief course of oral corticosteroids. 
The immune status of these patients was not investi- 
gated. We do not believe these women represent a form 
of the “Candida hypersensitivity syndrome” popular- 
ized by Truss and Crook as the “Yeast Connection” 
but, rather, a localized immunoglobulin E—mediated 
hypersensitivity immune response to the presence of 
yeast-derived antigen on the vulva or in the vaginal 
vault. The inappropriate use of treatment modalities 
even when the diagnosis is correct and the cause is 
C. albicans, has resulted in the use of expensive and 
unproven remedies.” 

Before further studies are undertaken or further 
treatment is prescribed these data demand the ini- 
tiation of a well-conceived, double-blind, placebo- 
controlled trial in a matched group of women with 
recurrent or chronic Candida vulvovaginitis with a stan- 
dardized yeast extract. The majority of women with 
acute vulvovaginal candidiasis will respond to antifun- 
gal treatment. However, some women continue with 
uncontrolled symptoms despite prolonged antifungal 
therapy and complete investigation of predisposing fac- 
tors. Immunotherapy may be a promising form of 
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treatment for these women. If it is proved that a 
subgroup of women has a local immune response to 
C. albicans in the vagina and might benefit from allergy 
immunotherapy, one must still consider the risks and 
benefits of allergy immunotherapy with its high rate of 
success versus perhaps a therapy with chronic low-dose 
ketoconazole therapy with a high relapse rate and a 
significant risk of idiopathic hepatitis." 


We acknowledge Dr. Andrew E. Haven and Dr. Rich- 
-ard C. Taft for their encouragement and suggestions. 


REFERENCES 


1. Novy MJ. Infections as a cause of infertility. In: Sciarra 
JJ, ed. Gynecology and obstetrics. New York: Harper & 
Row, 1985 vol 5:2. 

2. Witkin SS, Yu IR, Ledger W. Inhibition of Candida albicans 
induced lymphocyte proliferation by lymphocytes and se- 
rum from women with recurrent vaginitis. AM J OBSTET 
GYNECOL 1986;155:790-5. 

3. Hobbs JR, Brigden D, Davidson F, Cahan M, Oakes JK. 
Immunological aspects of candida vaginitis. Proc R Soc 
‘Lond 1977;70(suppl 4):11-3. 

4. Witkin SS, Hirsch J, Ledger WJ. A macrophage defect in 
women with recurrent candida vaginitis and its reversal 
in vitro by prostaglandin inhibitors. AM J OBSTET GyNE- 
COL 1986; 155:790-5. 


5. Edman J, Sobel JD, Taylor ML. Zinc deficiency in women ` 


with recurrent vulvovaginal candidiasis. AM J OBSTET Gy- 
NECOL 1986; 155:1082-5. 

6. Friedlander A, Druker MM, Schachtera A. Lactobacillus 
acidophillus and vitamin B complex in the treatment of 
vaginal infection. Panminerva Med 1986;28:51-3. 

7. Meech RJ, Smith JMB, Chew T. Pathogenic mechanisms 
in recurrent genital candidiasis in women. NZ Med J 
1985;98:1-5. 


16. 


17. 


19. 


20. 


21. 


February 1990 
Am J Obstet Gynecol 


. Witkin SS, Jeremias J, Ledger WJ. A localized vaginal . 


allergic response in women with recurrent vaginitis. J Al- 
lergy Clin Immunol 1988;81:412-6. 


. Gordon EH, Klaustermeyer WB. Hypersensitivity to Can- 


dida albicans. Immunol Allergy Practice 1986;18:29-34. 


. Palacios H. Hypersensitivity as a course of dermatologic 


and vaginal monilians resistant to typical therapy. Ann’ 
Allergy 1976;37:110-3. 


. Kudelko NM. Allergy and chronic monilial vaginitis. Ann 


Allergy 1971;29:266-7. 


. Rosedale N, Brown K. Hyposensitization in the mañ- 


agement of recurring vaginal candidiasis. Ann Allergy 
1979;43:250-3. 


. Sobel JD. Recurrent vulvovaginal candidiasis. N Engl J 


Med 1986;315:1455-8. 


. Bousquet J. In vivo methods for study of allergy i in allergy 


skin tests, techniques, and interpretation. In: Middleton 
E, Reed CE, Ellis EF, Adkinson NF Jr, Yunninger JW, eds. 
3rd ed. Principles and practices. St. Louis: CV Mosby, 
1988:419-36. 


. Burnhill MS. Sorting out the major vaginal infections. 


Contemp Ob/Gyn 1987;29:47-62. 

Hill LVH, Embil JA. Vaginitis: current microbiologic and 
clinical concepts. Can Med Assoc J 1986;134:321-31. 
Anderson ML, Odds FC. Adherence of Candida albicans 
to vaginal epithelia: significance of morphologic form and 
effect of ketoconazole. Mykosen 1985;28:531-40. 


. Bisshop MP}M, Merkus JMWM. Co-treatment of the male 


partner in vaginal candidiasis: a double-blind randomized 
control study. Br J Obstet Gynaecol 1986;93:79-81. 
Rocklin RE, Sheffer AL, Greineder DF,.et al. Generation 
of antigen-specific suppressor cells during allergy desen- 
sitization. N Engl J Med 1980;302:1213. 

Anderson JA, Chai H, Clemon HN, et al. Candidiasis 
hypersensitivity syndrome [Position statement]. J Allergy 
Clin Immuno! 1986;78:271-3. 

Haas A, Stiehm ER. The'‘yeast connection’ meets chronic 
mucocutaneous conditions. N Engl J Med 1986;314: 
854-5. 





O 
reduce 
adhesions 
later... 





Intercede now 


Introducing the first proven adhesio 


Without INTERCEED Barrier, 
adhesions were prevented 

in only 24% of the pelvic 
sidewalls (N =32) treated with 
state-of-the-art surgery alone 
(134 patients). 





An j 
i- i Sidewall adhesion prior to lysis. 


The first surgical adjuvant specifically indicated 
to reduce postoperative adhesions. 


e Effective adhesion control may help preserve fertility“ 
e Twice as effective as state-of-the-art surgery alone, when 


used in conjunction with meticulous surgical techniques a 
e Minimal tissue reaction—significantly less than other PN 
absorbable products i 


e No complications-the INTERCEED Barrier was completely i 
absorbed within 28 days ...no adverse reactions were reported y 


Brrier for gynecologic pelvic surgery 


With INTERCEED Barrier, 
51% of the pelvic sidewalls 
(N =68) treated with state- 
of-the-art surgery were 
completely free of 
adhesions (134 patients). 





Evaluation at second-look laparoscopy. 


INTERCEED 
Absorbable Adhesion Barrier 


( OXIDIZED REGENERATED CELLULOSE ) 


Gohusenagehms on 
PATIENT CARE, INC 


* Trademark of Johnson & Johnson Patient Care 








Landmark study demonstrates: 


INTERCEED*(tc7) Absorbable Adhesion Barrier © 
helps reduce adhesion formation 





Study design 


INTERCEED Barrier was evaluated in 
acontrolled multicenter study’ of 134 
women undergoing elective surgery 
to correct bilateral pelvic-sidewall 

adhesions. After microsurgery via 
laparotomy (with hemostasis consis- 
tent with microsurgical principles), 
application of INTERCEED Barrier 


itt 
ttt 
ERTER 
pigs 

Vile 








Brief Summary for INTERCEED* (TC7) Absorbable Adhesion Barrier (Oxidized Regenerated Cellulose). Before 
prescribing, please see full prescribing information 


INDICATIONS: INTERCEED* (1C7) Absorbable Adhesion Barrier is indicated as an adjuvant in gynecologic 
pelvic surgery for reducing the incidence of postoperative pelvic adhesions after hemostasis is achieved 
consistent with microsurgical principles 

CONTRAINDICATIONS: The use of INTERCEED Barrier is contraindicated in the presence of frank infection 
INTERCEED Barrier is not indicated as a hemostatic agent. Appropriate means of achieving hemostasis must 
be employed. 

WARNINGS: INTERCEED Barrier must not be used in cases in which complete hemostasis has not been 
established. The effectiveness of INTERCEED Barrier is reduced when saturated with blood 

INTERCEED Barrier is supplied sterile. As the material is not compatible with autoclaving or ethylene oxide 
sterilization, INTERCEED Barrier must not be resterilized 

Although none have been reported, foreign body reactions may occur in some patients 

PRECAUTIONS: The safety and effectiveness of using INTERCEED Barrier in combination with other 
adhesion prevention treatment have not been clinically established 

Ectopic pregnancies have been associated with fertility surgery of the female reproductive tract. No adequate 
and well controlled studies have been conducted in women who become pregnant within the first month after 
exposure to INTERCEED Barrier No data exist to establish the effect, if any, of INTERCEED Barrier on the 


D jams oF ie 
aif 3 


* Trademark of Johnson & Johnson Patient Care, Inc 
© J.J.PC.I., 1989 PC0483 Made ın U.S.A 









_ was randomized to the left or r 
side, with the contralateral side 
serving as a control site. Thus, 
patient was, in effect, her own 
control. Results established the 
utility of INTERCEED Barrier as 
adjuvant to gynecologic surger 


INTERCEED Barrier prevented the 
formation of adhesions in twice . 
many sites as surgery alone. 





Adhesion Barrier 


( OXIDIZED REGENERATED CELLULOSE ) 


occurrence of ectopic pregnancies. No teratogenic studies have been performed. Therefore, an avoidanw 
conception should be considered during the first complete menstrual cycle after use of INTERCEED Be 
Care should be exercised in applying INTERCEED Barrier to a pelvic organ not to constrict or restrict 
ADVERSE REACTIONS: To date. no adverse reactions have been reported attributable to the us 
INTERCEED Barrier. 

CAUTION: Federal law restricts this device to sale, distribution, or use by or on the order of a physi 


References 


Diamond MP. DeCherney AH. Pathogenesis of adhesion formation/reformation: application to 
reproductive pelvic surgery. Microsurgery. 1987;8: 103-107 


N 


Bronson RA, Wallach EE. Lysis of periadnexal adhesions tor correction of infertility. Fertil Steril. 
1977.28: 613-619. 


Caspi E, Halpern Y, Bukovsky |. The importance of peritoneal adhesions in tubal reconstructive surger 
infertility Fertil Steril. 1979;31 296-300 


Gomel V Salpingo—ovariolysis by laparoscopy in infertility. Fertil Steril. 1983;40:607-611 
INTERCEED* (TC7) Adhesion Barrier Study Group. Fertil Steril. 1989;51: 933 


w 


os 


PATIENT CARE, INC. 
New Brunswick, NJ 08901-2023 


For product informatic 
call 1-800-526-JJPC. 


“Its still like walking the 


high wire, but now I have patients with common mixed 


a safety net.” 


A division of Pfizer Pharmaceuticals 
*Due to susceptible strains of indicated organisms. 


Please see brief summary of prescribing information 
on adjacent page 


©1989, Pfizer Inc 





infections. * 


More confidence in presumptive antibiotic 
therapy. Prescribing UNASYN presumptively is a step 
you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 
lent gram-negatives, and anaerobes: 
The right combination for most 


And UNASYN minimizes safety 
concerns with a reliable penicillin- 


class profile.' (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 

Expect strong support from UNASYN in the mixed 
infections* you face every day. 


U 





An antibiotic for every d 


1.5 or 3g q6h 


IM 


IV 


(ampicillin sodium/sulbactam sodium) 


eo 








AÉ Mosby 


MEDICAL JOURNALS 
A Tradition of Publishing Excellence 





* AMERICAN HEART JOURNAL 
Monthly. Institutions: $125.00; Individuals: $65.00. 


* AMERICAN JOURNAL of INFECTION CONTROL 


Bimonthly. Institutions: $82.00; Individuals: $23.75. 


* AMERICAN JOURNAL of OBSTETRICS 


and GYNECOLOGY 


Monthly, Institutions: $130.00; Individuals: $71.50. 


* CLINICAL PHARMACOLOGY & THERAPEUTICS 


Monthly. Institutions: $141.00; Individuals: $77.00. 


* HEART & LUNG: THE JOURNAL of 
CRITICAL CARE 


Bimonthly. Institutions: $85.00; Individuals: $24.50. 


* HEPATOLOGY 
Monthly. Institutions: $205.00; Individuals: $150.00, 


* THE JOURNAL of ALLERGY and 


CLINICAL IMMUNOLOGY 
Monthly. Institutions: $116.50; Individuals: $53.50. 


* JOURNAL of the AMERICAN ACADEMY 


of DERMATOLOGY 
Monthly. Institutions: $130.00; Individuals: $69.00. 


JOURNAL of the AMERICAN ACADEMY of 


PHYSICIAN ASSISTANTS 


Eight times a year. Institutions: $50.00; Individuals: $32.00. 


JOURNAL of the AMERICAN SOCIETY of 


ECHOCARDIOGRAPHY 
Bimonthly. Institutions: $56.00; Individuals: $40.00. 


* JOURNAL of BURN CARE & REHABILITATION 
Bimonthly. Institutions: $46.25; Individuals: $30.00, 


* THE JOURNAL of HAND SURGERY 


(American Volume) 
Bimonthly. Institutions: $108.00; Individuals: $46.50, 


* THE JOURNAL of HEART TRANSPLANTATION 





Bimonthly. Institutions: $72.50; Individuals: $46.00. 


* THE JOURNAL of LABORATORY and 
CLINICAL MEDICINE 


Monthly. Institutions; $138.00; Individuals: $73.50. 


* THE JOURNAL of PEDIATRICS 


Monthly. Institutions: $120.50; Individuals: $59.00. 


* THE JOURNAL of THORACIC and 
CARDIOVASCULAR SURGERY 


Monthly. Institutions: $141.00; Individuals: $81.50. 


* JOURNAL of VASCULAR SURGERY 
Monthly. Institutions: $124.00; Individuals: $67.00. 


* OTOLARYNGOLOGY—HEAD and NECK SURGERY 
Monthly. Institutions: $143.00; Individuals: $77.00. 


* SURGERY 


Monthly. Institutions: $123.00; Individuals: $60.00. 


* Included in Index Medicus 


AJS-118 


Subscription rates quoted are for USA only. International rates (surface and 
airmail delivery) available upon request. All subscriptions are for one-year 


terms. Subscriptions may begin at any time. To order your subscription and 
for more information, contact: 


THE C.V. MOSBY COMPANY 
Journal Circulation Department 
11830 Westline Industrial Drive 
St. Louis, Missouri 63146 U.S.A. 


Call: 

(314) 872-8370, ext. 351 
In the U.S., call toll-free: 
1-800-325-4177, ext. 351 


SAMPLE COPIES OF JOURNALS ARE AVAILABLE 





V  150or3gq6h 


(ormptilin sodium /sbatom sodim) 


Relerences: 
1. Data available on sequest from Roeng 2. Aidndge KE Sanders CV 
Maner BL’ Variation in the potentiation of B-lactam antibiotic activity by 
clavularuc acid and sulbactam agains! multiply antibiotic-resestant bacteria 
J Antimicrob Chemother 1986:17°463-469 3. Crombienaime WR. Ohm- 
Smith M, Robbie MO, et ai: Ampicilin’sulbactam versus metronidazole- 
gentamicin in the treatment of soft ussue pelvic infections Am J Obstet 
Oynecot987 156(Feb} 507-512 4. CucharalG. SnydmanO JacobusN. et 
a) Companson of Rew antimicrobial agents against the Bacteroides fragilis 
group Abstract. presented at the Annual Meeting of the Amecican Society of 
Microbiology, Miam: Beach Fla: May 1988 5. D Amato RF Hochstein i 
b t agtodic and anaerobe chanical isolates to 
d as a Screntitic Exhibit at the 87th Annual 
Meeting of the American Society of Microbiology. Abanta. March 1987 
6. Finegold SM Anaerobic bacteria Ther cole in infection and thew man 
agement Postgrad Med 1987.818) 141-147 7. Jenkins SG Susceptibility 
patterns of Bacterondes fragihs group isolates to ampiciin/suibactam ang 
other selected antibiotics Presented at a symposium entitled Ampicdhni 
Sulbactam New Strategy for (he Treatment of Infectaus Disease 
Montreux. Switzerland. July 16-12 1987 pp 19-20 8. FP Jacobus NV 
ty of sulbactam against recent solates of erotic robic bactena 
bstract 36 Presented at the 23rd international Congress of Antimicrobial 
Agents and Chemotherapy Las Vegas. Oct 24-26. 1983 (abs) 9. Wasitauskas 
B: Susceptibility of anaerobes to amp sulbactam ang 6 other anti- 
micromialagents. abstract Presented at the Annual Meeting of the American 
Society tor Microbul Miam: Beach. Fia. May 8-13. 1988 10. Wexler 
HM. Harns B. Carter WT etal. In vitro efficacy of sulbactam combined with 
ampicslin against anaerobig bagtena Antimcrob Agents Chemother 
1985.27 876-878..11. Ampicilin ‘sulbactam (Unasyn). Med LertDrugs Fher 
AGG? 29{August 28) 79-81 12. Hemsell DL. Wendel GD. Hemseii PG 
Combating beta-lactamase enzyme—-principal detense mechanism of 
many pelvic mfechon pathogens Presented as a scientific exmidst at the 
Thirty-Sixth Annual Chinical Meeting of the American College of Obstet- 
ncians and Gynecologists. Boston, May 2-4, 1988 13. Senf H-H Stigi 
mayer R. Eibach HW. et ai Sulbactam/ampscilhn versus cefoxitin in the 
treatment of obstetrie and aynaecotogscal mtections Drugs 1986 31 supp! 
2) 18-21 14, Newton ER, Gibos RS: Treatment ot postpartum endomet 
A comparison of ampicuiinssuibactam vs gentamicin plus clings 
Presented as a scientific exhibit at the Tairty Sixth Annual Chmecai Meeting 
of the Amencan College of Obstetricians and Gynecologists. Boston. May 
2-4. 1988 15. Gunung J A comparison of parenteral sulbactamzampiciiiin 
versus RTA tare 1m the treatment ot pel mmatory 
disease Orugs 1986 31(suppl2).14-17 16. Stromberg BV Renes HD. Hunt 
` P: Compatative clinical study of sulbactam and ampicillin and chadamycin 
an nS of soft tissues. Surg Gyn Obstet 1985.162 
275-578 17. Kager L. Maimborg AS. Nord CE. ef ai A randomized 
controlied trai of ampiediin plus sulbactam vs. gentamicin pius chn- 
damycin in tne treatment of intraabdominal infections: A prehminary report 
Agy infect Ois 1986 Bisupo! 5i 5583-5588 18. Bruhai MA Pouly JL Le 
Boedec G ef at Treatment of acute saipisgilis with suibactamsampscrilin 
Comparison wath celoxitin Drugs 1986 3tisupp! 2).7-10 19, FaroS Expe- 
hence with ampicilin/suibactam for OB/GYN infections Presented at a 
symoosum entitled s-Laclamase Inhibitors Progress with Ampicilin: 
Sulbactam Alanta. December 6 1987 9 14 {abs} 


INDICATIONS AND USAGE 
UNASYN :s indicated for the treatment of 


Nd 















































































inlections due to susceptible 
sted below 





36A 


straims of Staphylococcus aureus Escherichia coli Kiebsetia spp- 
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e not known whether the use of UNASYN in humans du labor or 
delivery hasime egr delayed adverse effects on the fetus 
Guration of labor oF increases the hkehhaod that forceps geli 
obstetrical intervention or resuscitation of the newborn s 
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excreted in the milk. therefore caunon shouid be exercised wt 
15 administered to a nursing woman 
Pediatric Use: Ihe eiticacy and safety of UNASYN nave not been estapusne 
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Infections complicating low-risk cesarean sections in 


community hospitals: Efficacy of antimicrobial prophylaxis 


N. Joel Ehrenkranz, MD, William C. Blackwelder, PhD, Sandra J. Pfaff, BSN, 
Dolores Poppe, RRA, Diane E. Yerg, MA, MSPH, and Richard A. Kaslow, MD 


South Miami, Florida, and Bethesda, Maryland 


A prospective study of women with low-risk cesarean sections was conducted in four community hospitals 
to determine the frequency of postoperative infections and identify factors predisposing to endometritis and 
wound infection. Low-risk cesarean section was defined as a scheduled procedure without an urgent 
indication, with any duration of ruptured membranes being <12 hours. In a cohort of 1863 patients, 26 
(1.4%) developed endometritis and 21 (1.1%) had wound infections. Primary cesarean section was 
associated with endometritis in the cohort {p < 0.01) and in a retrospective study with the same cases as 
in the cohort (p = 0.01). Absence of antibiotic prophylaxis was associated with endometritis (p = 0.013) 
or endometritis with wound infection (p < 0.01) in both studies. Without prophylaxis 37 such infections 
occurred in 957 (3.7%) women; with prophylaxis eight infections occurred in 906 (0.9%) women. Routine 
timely antibiotic prophylaxis in low-risk cesarean sections could lead to an annual national savings of 


approximately $9 million. (Am J OBsTET GYNECOL 1990;162:337-43.) 


Key words: Prevention of infection after low-risk cesarean sections; cesarean sections and 
antibiotic prophylaxis; endometritis and wound infections after cesarean sections; risk 
factors for infection after cesarean sections; cesarean sections in community hospitals 


Cesarean section is the most common operation per- 
formed among inpatients in United States hospitals; a 
total of 851,000 live births was estimated to have taken 
place by cesarean delivery in 1985.’ In the United States 
the rate of cesarean section has increased fivefold be- 
tween 1965 and 1985; worldwide, there is also a trend 
to increased cesarean delivery.’ Major postoperative in- 
fectious complications such as endometritis and wound 
infection are important causes of maternal morbidity. 
Various factors have been identified as predisposing to 
such serious postoperative infections in women at high 
risk in municipal and referral hospitals,** and routine 
antibiotic prophylaxis has been generally advised for 
this population.* © However, little is known of the fac- 
tors associated with infection among women at low risk 
of infection who are delivered in community hospitals, 
where the vast majority of cesarean sections are per- 
formed. In contrast to recommendations for women at 
high risk of infection, antibiotic prophylaxis is not sug- 
gested for those considered to be at low risk** in view 
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of the absence of demonstrated benefits of such anti- 
biotic usage and the hazards of side effects, notably 
severe diarrhea.” ë 

The present study was carried out during 1980 to 
1982 in women undergoing cesarean section who were 
regarded to be at low risk for infection and who were 
delivered at four member hospitals of the Florida Con- 
sortium for Infection Control, an organization of com- 
munity hospitals devoted to improving quality of med- 
ical care by control of nosocomial infections.® Each par- 
ticipating hospital had been a consortium member since 
1975 and had attained a stable low level of postoper- 
ative infections with no outbreaks detected by method- 
ical surveillance.” There were three study objectives: 
(1) to measure the frequency of infections complicating 
low-risk cesarean sections in women in community hos- 
pitals, (2) to determine the host and operative risk fac- 
tors predisposing to endometritis and wound infection 
in this population, and (3) to explore the efficacy of 
antibiotic prophylaxis as used by attending obstetri- 
clans. Certain factors were studied prospectively in all 
patients. A case-control study was then done to provide 
an analysis of additional host, therapeutic, and oper- 
ative factors. 


Methods 

Participating hospitals had 350 to 600 licensed beds. 
No hospital served as a referral center for management 
of high-risk patients or as an obstetric training pro- 
gram. All physicians who performed cesarean sections 
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were certified by the American Board of Obstetrics and 
Gynecology or were eligible to be certified. Infection 
surveillance was done by experienced infection control 
practitioners who were registered nurses. 

Surveillance was conducted as previously de- 
scribed.® "° Patients in the cohort were selected by reg- 
ular review of the operating schedule by the infection 
control practitioners and were entered into surveillance 
before identification of postoperative infection by in- 
fection control practitioners. Women with cesarean sec- 
tions were prospectively surveyed starting in the early 
postoperative period, except at irregularly occurring 
times when unrelated infection’ control duties, vaca- 
tions, or other similar events precluded routine sur- 
veillance. In three hospitals with two infection control 
practitioners, cesarean section surveillance was done 
virtually without interruption. The infection control 
practitioners used a data collection form to record ob- 
servations. One of us (S. J. P.) conducted educational 
programs at 3- to 4-month intervals to ensure accurate 
surveillance and record keeping and also reviewed all 
forms on completion. Site inspections of individual hos- 
pital obstetric facilities were generally carried out twice 
yearly by consortium consulting physicians and nurses, 
and during these times surveillance techniques of the 
infection control practitioners were reviewed to ensure 
consistency. 

Patients with low-risk cesarean section were selected 
as follows: (1) Infection control practitioners identified 
the operation on the operating schedule as a routine 
procedure and not as an “add-on” or emergency pro- 
cedure; (2) rupture of maternal membranes, if present, 
had not occurred more than 12 hours before incision. 
Patients were excluded from the low-risk category if 
the cesarean section was done because of an urgent 
indication such as fetal distress, eclampsia, preeclamp- 
sia with maternal distress, prolapsed umbilical cord, or 
abruptio placentae with heavy or continuous vaginal 


bleeding. Women who had mild vaginal bleeding or- 


were in early labor were not excluded. When applica- 
tion of criteria was not clear to the infection control 
practitioners, one of us (S. J. P.) made the final decision 
by telephone consultation. When there was a conflict 
in the medical record about the time of membrane 
rupture between the patient’s initial history and the 
information recorded in the cesarean section operative 
form and the conflict could not be resolved by discus- 
sion with the patient or physician, the information 
recorded in the initial history was accepted as being 
correct. 

Information recorded by the infection control prac- 
titioners included patient’s age, date of hospital ad- 
mission, date of operation, cesarean section being done 
as a primary or repeat procedure, presence of infection 
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at a nonoperative site (remote infection), perioperative 
antibiotic usage, diabetes mellitus requiring insulin 
treatment, and body weight exceeding the ideal for 
height and weight, according to 1959 Metropolitan Life 
Insurance tables."' Antibiotics administered up to 24 
hours before operation, during operation, or after op- 
eration during recovery from anesthesia were regarded 
as having been given for the purpose of antimicrobial 
prophylaxis. 

Generally accepted criteria for postoperative infec- 
tions were used’; bacteremia—one blood culture 
yielding bacteria, drawn at a time of new unexplained 
fever (temperature >100.6° F [38.1° C] orally or 
>101° F [38.3° C] rectally) or two blood cultures from 
separate venipunctures yielding the same bacteria; 
endometritis—either fever and purulent discharge 
from the uterus or fever and physician-documented 
uterine tenderness; wound infection—purulent dis- 
charge or extensive cellulitis in the surgical wound; 
lower respiratory infection—fever and purulent spu- 
tum or fever and new chest x-ray findings compati- 
ble with respiratory infection; severe diarrhea or 
gastroenteritis—five or more bowel movements per 
day for >3 days or attending physician’s diagnosis; new 
urinary tract infection—new manifestation of pyuria 
(>10 white blood cells per high-power urine field) or 


_ bacteriuria (+10* colony-forming units of bacteria per 


milliliter). New urinary tract infections were further 
classified as either asymptomatic or symptomatic (as- 
sociated with fever and/or symptoms of urinary tract 
inflammation). 

Infections first evident after the patient’s discharge 
and requiring readmission to the same hospital were 
recorded. Information about infections in study pa- 
tients that resulted in admission to other Dade County 
hospitals was provided by the nosocomial infection re- 
porting network of the Dade County chapter of the 
Association for Practitioners in Infection Control. 

A case-control study was carried out by retrieving 
medical records of all except two women with pro- 
spectively identified endometritis and/or wound infec- 
tion; for each case, medical records of three control 
patients lacking these infections were retrieved. Cases 
and controls were matched by hospital and time of 
operation. Controls were the three patients in whom 
low-risk cesarean sections were done immediately be- 
fore, immediately after, and next closest in time (either 
before or after) to the case. Since patient identification 
was removed after verification of data for the cohort 
analysis, it is possible that a small proportion of control 
cesarean sections were not in the original cohort. The 
information sought included: height and weight on ad- 
mission, the number of out-patient prenatal visits, the 
number of vaginal examinations after admission, use 
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Table I. Potential risk factors: endometritis and wound infection complicating low-risk cesarean sections 
performed in four community hospitals: cohort study, 1980 to 1982 








Endometritis* Wound infection 





No. of 





subjects 

Age (yr) 

s19 - 85 5 

20-35 1647 18 

>35 129 3 
Days from admission to operation . 

0 . 998 18 

l $ 787 8 

22 78 i 0 
Primary cesarean section 1082 23 
Repeat cesarean section 781 3 
Diabetes mellitus 

Absent 1848 26 

Present i 15 0 
Any obesity . 

Absent 1558 23 

Present . 305 3 
Remote infection 

Absent 1673 22 

Present 190 4 
Antibiotic prophylaxis ; 

Absent 957 20 

Present 906 6 


*Two persons had both endometritis and wound infection.’ 


and duration of intrauterine monitor, prior amnio- 
centesis, preoperative and postoperative packed red 
blood cell volume (hematocrit) and hemoglobin levels, 
general or spinal anesthesia, presence and duration 
of labor, occurrence and duration of rupture of 
membranes, infant birth weight, and exact time of 
perioperative antibiotic usage in relation to the sur- 
gical incision. Body mass index was calculated as 
weight in pounds divided by the square of height in 
inches. Timely antibiotic prophylaxis, as modified from 
Burke,” was defined as administration of antibiotics at 
any time from 2 hours before skin incision through 4 
hours after incision. 

For the cohort data, association of possible risk fac- 
tors with endometritis or wound infection was deter- 
mined by the usual contingency table x, statistic for 
heterogeneity or Fisher’s exact test, as appropriate." 
Logistic regression was used to assess effects of several 
characteristics simultaneously. For each case-control 
comparison an odds ratio was estimated and its signif- 
icance evaluated by methods appropriate for matched 
data.” Conditional logistic regression for matched 
data’ was used to calculate approximate confidence 
intervals for odds ratios of individual variables and also 
to assess the association of several characteristics si- 
multaneously with endometritis and/or wound infec- 
tion. Mean lengths of stay were compared by a normal 
test (difference in means divided by standard deviation 


5.9 <0.001 0 — 
1.1 20 1 
2.3 1 0.8 
1.8 — 12 1.2 — 
1.0 8 1.0 
1 1.3 
24-3 0.002 13 1.2 — 
0.4 8 1.0 
1.4 -— 21 1.1 — 
0 
1.5 — 18 1.2 — 
1.0 3 1.0 
1.3 — 20 1.2 — 
2.1 l 0.5 
2.1 0.009 19 2.0 <0.001 
0.7 : 2 0.2 


of difference) without regard to matching. In describ- 
ing results, we have taken p < 0.05 as an indication of 
statistical significance, without regard to the multiplicity 
of analyses done. 


Results 


There were 23,105 deliveries performed during 
1980 to 1982, of which 7311 (31.6%) were by cesarean 
section. Among women with cesarean sections, 1863 
(25.5%) were identified as low risk and were prospec- 
tively surveyed. Antibiotic prophylaxis was adminis- 
tered to 906 (49%) of the women in the cohort. Severe 
diarrhea-gastroenteritis did not occur after operation 
in any women who received prophylactic antibiotics but 
did occur in one who did not receive antibiotics. 
Twenty-six (1.4%) patients had endometritis and 21 
(1.1%) had wound infection; two women had both in- 
fections. Eleven women (0.6%) had new symptomatic 
urinary tract infection, 36 (1.9%) had new asymptom- 
atic urinary tract infection, and two (0.1%) had lower 
respiratory tract infection. Bacteremia was identified in 
four women (0.2%); iti one of them Escherichia coli bac- 
teremia was a primary event with no evident source, in 
one Peptostreptococcus bacteremia was associated with en- 
dometritis, and in two bacteremia complicated symp- 
tomatic urinary tract infection (one caused by Staphy- 
lococcus aureus and the other by an unidentified gram- 
negative bacillus). A total of 94 women (5.0%) had at 
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Table II. Potential risk factors for endometritis and wound infection complicating low-risk cesarean 
sections performed in four community hospitals: case-control study, 1980 to 1982 









Endometritis and/or wound 
infection 





Endometritis Wound infection 









p 
95% Confidence Odds | 95% Confidence Value 









Risk factor interval . interval =0.05 
Age 
19 yr 3.4 0.89-12.7 — 0 —* — 2.3 0.68-7.5 — 
>35 yr 7.2 0.73-72.0 — 3.0 0.19-48.0 — 5.2 0.92-28.8 0.039 
Primary cesarean 4.5 1.2-16.1 0.014 0.61 0.20-1.9 — 1.7 0.77-3.6 — 
section 
Not married 5.2 0.92-28.8 0.039 3.0 0.19-48.0 — 4.5 1.0-18.9 0.028 
Not white 2.1 0.60-7.6 — 1.7 0.23-13.2 — 2.0 0.68-5.9 — 
Self-pay 2.5 0.52-12.3 — 2.4 0.46-12.5 — 2.1 0.66-6.8 — 
<7 Prenatal visits 0.377 _ 0.10-1.4 — Lit 0.31-3.6 = 0.647 0.26-1.5 — 
Body mass in- 1.8 0.51-6.1 — 3.9 0.91-17.0 0.050 2.5 ` 0.97-6.3 — 
dex >0.045 
Preoperative he- 1.2 0.48-3.3 — 1.8 0.60-5.2 — 1.3 0.63-2.8 — 
matocrit =35% 
Postoperative he- 3.0 0.82-10.9 — 1.9 0.58-6.5 — 2.1 0.87-5.1 — 
matocrit <35% 
Any labor 7.77 0.89-65.9 0.034 1.7+ 0.37-7.9 — 3.2 0.98-10.5 0.046 
Labor >5 hr 2.57 0.60-10.6 1.3+ 0.32-5.1 — 1.84 0.67-4.8 — 
Artificial rupture of 0.61 0.25-1.5 — 0.55 0.19-1.6 — 0.58 0.29-1.2 — 
membranes 
23 Vaginal exami- 3.1 1.0-9.7 0.038 1.5 0.34-6.8 — 2.2 0.89-5.7 — 
nations 
No intrauterine 1.2 0.38-3.7 — 1.6 0.33-7.4. —- 1.4 0.54-3.6 — 
monitor . 
General anesthesia 1:4 0.49-4.2 — 1.2 0.39-3.4 — 1.2 0.54-2.5 — 
Operation 1.0 0.41-2.5 — 2:2 0.65-7.5 — 1. 0.55-2.4 — 


length >90 min 

No timely antibiotic 4.5 
prophylaxis 

No timely antibiotic 5.2 
prophylaxis, pri- 
mary cases and 
their primary 
controls 


0.66-15.4 0.13 3.7 1.4-10.0 0.007 


1.4-18.7 0.006 ND ND 








ND, Not done. 

*Not calculated because of small numbers. ` 

ftData missing for at least 25% of individuals. 

{Body mass index = Weight (lbs)/ Height? (in); body mass index > 0.045 indicates top quartile. 


least one infection after operation. The factors that 
significantly correlated with endometritis were age <19 
years, primary cesarean section, and antibiotic prophy- 
laxis (Table I). Only antibiotic prophylaxis was signif- 
icantly related to wound infection. In the absence of 
antibiotic prophylaxis the frequency of endometritis 
and/or wound infection was 3.9% (37 occurrences in 
957 patients), whereas in association with antibiotic pro- 
phylaxis the frequency was 0.9% (eight occurrences in 
906 patients). In a multiple logistic regression analysis, 
age <19 years, primary cesarean section, and antibiotic 
prophylaxis remained significantly associated with in- 
creased risk of endometritis. 

Host and therapeutic risk factors associated with en- 
dometritis and wound infection were further evaluated 


in a case-control study comparing 43 infected cases (26 
occurrences of endometritis and 19 of wound infection, 
including two women with both infections) and 129 
matched controls (Table II). Because of small numbers 
of women with prior amniocentesis or babies with birth 
weight <2500 or >4500 gm, these factors are not in- 
cluded in the analysis. Significant correlations were 
found between increased risk of endometritis and 
being in labor (odds ratio = 7.7), being unmarried 
(odds ratio = 5.2), lack of timely prophylaxis (odds ra- 
tio = 4.5), primary cesarean section (odds ratio = 4.5), 
and having three or more vaginal examinations (odds 
ratio = 3.1). Lack of timely antibiotic prophylaxis was 
also significant in an analysis restricted to cases of pri- 
mary cesarean section and their primary controls (odds 
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ratio = 5.2). There were only five women age : <19 


years with endometritis in the case-control ‘study and 
the association with this factor was not significant (odds 
ratio = 3.4). The single significant risk factor for 
wound infection was body mass index >0.045 (corre- 
sponding to the upper quartile for cases and controls 


tibiotic prophylaxis (odds ratio = 3.7), arid being in 
labor (odds ratio = 3.2); information on labor, how- 


ever, was not available for 30% of the women in the ` 
case-control evaluation. The mean ‘duration of hospi: . . 


talization for endometritis and/or wound infection 
cases was 8.8 days, compared with 5.0 for controls 


(p < 0.05). There was no significant difference in the | 


mean length of stay between endometritis (8. 4 days) 
and wound infection (9.9 days) cases. 


In a conditional logistic regression analysis of mul- K 


tiple possible risk factors, timely antibiotic prophylaxis 
remained significantly associated with all endometritis, 


endometritis complicating primary cesarean section, ` ` 
and all endometritis and wound infection taken to- 


gether as a group, but it was not significantly correlated 
with wound infection alone. Primary cesarean section 
remained a significant risk factor for endometritis. For 


endometritis and wound infection combined, age >35 


and being unmarried were significant factors. 


Although 49% of the cohort did receive some peri- ` 
operative antibiotic prophylaxis, timely antibiotic usage, 
appears to have been less frequent: In the case-control 
study the proportion of women with endonietritis | 


and/or wound infection receiving timely prophylaxis 


was 11.6% (5 of 43), and the proportion of controls. 


was 33.9% (43 of 127). To estimate the potential savings 
resulting from routine timely antibiotic prophylaxis of 
low-risk cesarean sections in the United States at a time 


when 1 million cesarean sections will be performed an- . 


nually, calculations were made on the basis of these 
assumptions: (1) There will be 25% (as in our experi- 
ence) or 250,000 women having low-risk cesarean sec- 
tions, 66% (as in our experience) of whom or 165,000 
women do not receive timely antibiotic prophylaxis; (2) 


three. 1 gm doses of cefazolin are effective in preventing ~ - 


endometritis or wound infection in low-risk cesarean 
sections, as is the case for nonelective cesarean sections,® 
at a total cost including administration of $18; (3) the 


side effects of the cefazolin treatment are negligible i in o> 
cost; (4) the excess length of hospitalization for endo-’ 
metritis or wound infection is 3.8 days (8.8 to 5.0 days); 
(5) the odds ratio for éndometritis-wound infection ` 
without timely prophylaxis is 3.7 (Table ID; (6) the 


combined endometritis-wound infection rate without 
antibiotic prophylaxis is 3.9%; (7) the daily cost of man- 


t 
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" agement of ‘postoperative endometritis or wound in- 
_ _ fection is $540 per day (derived from 1981 daily hos- 


pitalization costs for urban hospitals" adjusted to 1986" 


. plus $25 daily physician charges). 

` From the odds ratio of 3.7 and risk of endometritis 
> or wound infection without antibiotic prophylaxis of 
combined). For both infections combined, the signifi- .. 
cant risk factors were age >35 years (odds ratio = 5.2), -~ 
being unmarried (odds ratio = 4.5), lack of timely an- ` 


3.9%, we estimate the risk of these infections with timely 


. antibiotic prophylaxis to be 1.1%. The excess hospital- 
ization for patients without timely antibiotic prophy- 
_’, laxis is then estimated to be (0.039 — 0.011) x 3.8 
' days =:0.106 days. Multiplying 0.106 days by $522 


($540 — $18) for daily costs by 165,000 women results 
in an estimate of national annual health-care savings of 
some $9,100,000. This may well be a conservative es- 
timate, since it does not include consideration of ad- 
ditional costs for infant care necessitated by maternal 
hospitalization consequent to infection or the costs of 


: malpractice litigation. Even if we use a minimal estimate 
. of 1.4 for odds ratio (lower -confidence limit from 
‘Table ID), we estimate annual savings to be approxi- 


mately $3, 600,000. If there is no benefit from such 
antibiotic usage, the additional healthcare costs would 
be $18 x- 165,000 women = $2,970,000. If cefazolin 


-» were equally effective in a single preoperative dose, the 

"projected annual savings would be $9,400,000, the low 
Č estimate would be $3,700,000, and the additional costs 
` in the event of no benefit would be $990,000. 


Comment 
We believe our data closely reflect the actual expe- 


` rience of women who had a cesarean section in these 
. four Florida community hospitals in 1980 to 1982. The 

. infection control practitioners selected patients lacking 
_ an urgent indication for cesarean section from the rou- 
‘tine operating schedule and excluded only those 
i women with rupture of membranes >12 hours before 
‘ incision. Prospective surveillance was interrupted in- 


frequently. and randomly, because of events such as 


- investigation of unrelated-:outbreaks or vacations. In 
` three hospitals the presence of two infection control 
. practitioners permitted almost continuous surveillance. 


Of-23,105 infants born at these hospitals during the 


. observation period, 31.6% were delivered by cesarean 


section. This figure is considerably higher than the 


. 1985 United States rate of cesarean delivery of 22.7%!; 
`? „however, it is consistent with a higher cesarean section 
~- frequency.reported'in the southern United States’ and 


in one study conducted in a private setting." It is note- 
worthy that serious postoperative infections in our sam- 


' ple of 1863 women were uncommon. The finding of 
‘an overall infection rate of 5.0% in these Florida com- 
: munity hospital patients is in keeping with the low rate 
: .of 4.1% reported in 659 nonindigent Swedish women 
` with low-risk elective cesarean sections.’ Our study is 
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by far the largest of this type yet reported and permits 
a meaningful description of infection’ rates complicat- 
ing an operation associated with a low risk of infection. 

In both the cohort and case-control studies, primary 
cesarean section was a significant risk factor for en- 
dometritis. This association was noted previously.* * 
Age <19 years was significantly associated with endo- 
metritis in the cohort study but not in the case-control 
evaluation. The odds ratio of 3.4 for the association of 
age <19 and endometritis in the case-control study, 
although not statistically significant, is consistent with 
the finding in the cohort study. Factors not examined 
in the cohort study that were significantly related to 
endometritis in the case-control study included being 
unmarried and having three or more vaginal exami- 
nations. Being in labor also was a significant factor for 
endometritis in the case-control study; however, the 
lack of any information on labor in 30% of reviewed 
medical records raises some doubt about the validity of 
this relationship. No host factor was significantly as- 
sociated with wound infection in either cohort or case- 
control study. 

The standard method of evaluating efficacy of an- 
tibiotic prophylaxis is a placebo-controlled double-blind 
study. However, the large population required for a 
meaningful study of low-risk cesarean sections dis- 
courages such an undertaking without some prelimi- 
nary indication of potential value. The case-control 
method has been used previously to estimate the clinical 
efficacy of vaccines.” Lack of antibiotic prophylaxis in 
the cohort study and lack of timely antibiotic prophy- 
laxis in the case-control study were significantly asso- 
ciated with an increased frequency of endometritis, and 
in the cohort study lack of antibiotic prophylaxis was 
associated with wound infection. Both the cohort and 
case-control findings indicate that prophylactic anti- 
biotic usage might be associated with a 70% to 75% 
reduction of risk of either endometritis or wound in- 
fection (Tables I and II}. The trend in the case-control 
study toward efficacy of timely antibiotic prophylaxis 
in preventing wound infection (odds ratio = 3.2), even 
though not statistically significant, is consistent with the 
finding in the cohort study and the finding for endo- 
metritis. As in any nonrandomized study some sort of 
bias may have influenced our results. However, it seems 
highly improbable that obstetricians would have delib- 
erately withheld prophylaxis in anticipation of serious 
infection. Thus the possibility of that sort of selection 
bias seems remote. We believe consistency of findings 
in the cohort and case-control studies provides sub- 
stantial evidence that antibiotic prophylaxis is, in fact, 
effective in preventing endometritis or wound infection 
after low-risk cesarean sections. This is in keeping with 
the observations of efficacy of antibiotic prophylaxis in 
preventing these infections in high-risk patients. $ 
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Despite the large number of women treated with 
prophylactic antibiotics, none was recorded as having 
severe diarrhea. Indeed, the only person who had 
diarrhea-gastroenteritis did not receive an antibiotic. 

If our findings and assumptions are correct, as the 
number of cesarean sections in the United States 
reaches | million annually, the benefits from routine 
administration of no more than three 1 gm doses of 
cefazolin to prevent serious postoperative infectious 
morbidity in women with low-risk cesarean sections will 
be in the range of $9 million. This figure does not 
include considerations of additional costs for infant 
care and medicolegal actions. 

In summary, we found that community hospital ob- 
Stetricians administered antimicrobial prophylaxis to 
approximately half of their patients with low-risk ce- 
sarean sections, yet in many instances prophylaxis was 
not properly timed. Timely antimicrobial prophylaxis 
appears to prevent certain important postoperative in- 
fections and to be cost-effective. Further, it is unlikely 
that experimental studies of antimicrobial prophylaxis 
in low-risk cesarean sections will-be forthcoming soon, 
if ever. On the basis of these observations and the cur- 
rent unavailability of experimental data, we advocate 
use of brief timely antimicrobial prophylaxis for all ce- 
sarean sections as a routine. 


We acknowledge the help of Elizabeth Mazzei, RN, 
Pamela Phillips, RN, Barbara Terry, RN, Barbara Rus- 
sell, RN, and Martha Unger, RN, in conducting the 
study. We are grateful to William Ledger, MD, for 
advice. 
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Clindamycin therapy for Chlamydia trachomatis in women 


William F. Campbell, PhD, and Melvin G. Dodson, MD, PhD 


Johnson City, Tennessee 


The population for this study consisted of 4013 sexually active women seen for family planning. Culture for 
Chlamydia trachomatis yielded an isolation rate of 6.1%. Women aged 16 to 25 accounted for 81.7% of 
the C. trachomatis infections, while those younger than 16 or older than 35 accounted for only 2.4% of the 
infections. Of the 246 patients whose cultures were positive for C. trachomatis, 159 (65%) were 
asymptomatic. The incidence of C. trachomatis was 11.2% among those with symptoms but only 6.4% 
among the asymptomatic group. Among 63 patients with Neisseria gonorrhoeae (who were excluded from 
the study), 26 (41.3%) also were infected by C. trachomatis. There were no microbiologic drug failures 
with erythromycin or clindamycin. Of 56 patients who enrolled in the clindamycin arm of the protocol, 48 
(85.7%) completed therapy and experienced microbiologic and clinical cures. In contrast, erythromycin 
therapy was completed by only 25 of 57 women (43.9%) enrolled. The number of side effect failures for 
erythromycin was 22 of 57 (38.6%). This was more than five times the number of side effect failures for 
clindamycin (4 of 56, or 7.1%). (AM J OBsTeT GYNECOL1990;162:343-7,) 


Key words: Clindamycin, erythromycin, Chlamydia trachomatis, endocervicitis 


Chlamydia trachomatis currently is the most common 
sexually transmitted disease in the United States’? and 
is two to five times more prevalent than Neisseria gon- 
orrhoeae.'* There are an estimated 3 to 5 million new 
cases of C. trachomatis infection each year in the 
United States alone.' The incidence of C. trachomatis in 
sexually active women at risk is 6% to 23%."* Coinfec- 
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tion by C. trachomatis and N. gonorrhoeae is quite com- 
mon; one quarter to one half of the patients with 
N. gonorrhoeae also are infected by C. trachomatis. 

The treatment of choice for C. trachomatis infection 
is tetracycline or its derivatives. Erythromycin is rec- 
ommended as the drug of choice in patients who are 
intolerant or allergic to tetracycline and in pregnant 
patients. Considering the number of cases of C. tra- 
chomatis and the incidence of drug intolerance, con- 
traindications, and individual allergies, the availability 
of alternative therapeutic modalities would be of value. 

Clindamycin previously has been demonstrated to 
have in vitro activity against C. trachomatis similar to 
erythromycin.* However, clinical trials have been very 
limited. Bowie et al.° reported that a 7-day clindamycin 
regimen of 600 mg t.i.d. was only partially effective for 
the treatment of chlamydial urethritis in men. Wasser- 
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Table I. Age distribution of patients with chlamydial cervicitis 

















Positive 





Cultures 





Age (yr) 

<16 63 
16-20 1255 
21-25 1333 
26-35 1055 
<35 218 
Unknown 89 
TOTAL 4013 





Incidence* 


0.8 3.2 
47.6 9.3 
34.1 6.3 
14.6 3.4 

1.6 1.8 

1.2 3.4 

100.0 6.1 





*With x° analysis the incidence of C. trachomatis isolation was significantly different among the 16 to 20, 21 to 25, and 26 to 35 


age groups (p < 0.001). 


heit et al.’ treated 16 patients with clindamycin plus 
tobramycin for chlamydial salpingitis and/or endo- 
metritis. Although there were three clinical failures in 
the group, there were no microbiologic failures for 
C. trachomatis. . 

Landers et al. randomized patients with C. tracho- 
matis and pelvic inflammatory disease into treatment 
regimens of clindamycin plus tobramycin or cefoxitin 
plus doxycycline. There were 16 evaluable patients with 
follow-up cultures 2 weeks after treatment, and all cul- 
tures were negative. However, the percentages or num- 
ber of patients with C. érachomatis—positive cultures in 
the clindamycin-tobramycin treatment regimen was not 


noted. Martin et al.” also reported culture-verified cures 


in three of four women treated with clindamycin plus 
gentamycin for postpartum endometritis. 

This study enabled us to report the largest prospec- 
tive, double-blind, randomized comparison of clinda- 
mycin and erythromycin for the treatment of women 
with positive endocervical cultures for C. trachomatis. 


Material and methods 


Patient population. The study population consisted 
of 4013 women aged 12 to 50 who were initially 
screened at two county family planning clinics or who 
were private patients of the faculty of obstetrics and 
gynecology of East Tennessee State University. A 
medical history was taken, patients were examined, 


and cervical swabs were cultured for C. trachomatis. 


and N. gonorrhoeae. Patients with positive cultures for 
C. trachomatis were contacted and counseled regarding 
the study. Patients were excluded for any of the fol- 
lowing reasons: pregnancy; allergy or sensitivity to 
clindamycin or erythromycin; positive culture for 
N. gonorrhoeae; antibiotic treatment within the previous 
2 weeks; history of colitis or periodic diarrhea; treat- 
ment with theophylline, carbamazepine, warfarin, or 
triazolam; or the necessity for treatment with non- 
protocol antibiotics. 


Participants were randomly assigned to one of two 


drug regimens, clindamycin (450 mg, q.i.d. for 10 days) 
or erythromycin (500 mg, q.i.d. for 10 days). Both 
drugs wer encapsulated and packaged identically. Iden- 
tification was by protocol number only. The study was 
double-blinded since neither the patients nor the in- 
vestigators knew which drug was being administered. 
Participants were advised to take the medication with 
meals and at bedtime. Patients were asked to abstain 
from sex during the study period; however, condoms 
were provided to prevent reinfection in the event pa- 
tients elected not to abstain. Male partners were coun- 
seled and treated with tetracycline (500 mg q.i.d. for 7 
days). 

Patients returned at 2 to 5 days after completion of 
the drug regimen to be reexamined and for follow-up 
culture. Compliance regarding sexual abstinence or the 
use of condoms was recorded. The drug blister-packs 
were returned and compliance regarding medication 
usage was determined by counting any remaining cap- 
sules. Patients must have taken a minimum of 28 doses 
of medication to be evaluable. Side effects, if any, were 
recorded. Physical examination was done and a second 
posttreatment culture taken at 3 to 4 weeks after com- 
pletion of therapy. Efficacy of therapy was evaluated 
categorically: A, microbiologic cure (negative C. tra- 
chomatis cultures at the 5-day and 4-week follow-up vis- 
its); B, microbiologic failure (positive C. trachomatis cul- 
ture at the first follow-up visit); C, relapse or reinfection 
(negative C. trachomatis culture at the first follow-up 
visit but positive at the second); D, side effect failure 
(unable to complete protocol regimen because of side 
effects). 

Specimen collection and culture. Specimens were 
collected by removing the excess mucus from the cer- 
vical os and surrounding mucosa and then rotating a 
Culturette (Marion Scientific) in the endocervical canal. 
The swab then was inserted into a vial containing 1.5 
ml of 2SP transport medium.” The swab “handle” was 
broken off and the vial was recapped. The specimens 
were maintained at 4° C (not frozen) and transported 
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Table II. Efficacy of clindamycin versus erythromycin 


No. with 












No. with relapse- 
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No. with 







No. with | 
side effect © No. 
_failure® noncompliant? - 


Total No. drug positive pregnancy 
Regimen enrolled failure reinfection test result 
Clindamycin l 56 47. 0 4 $ 0 
Erythromycin 57 25 0 22 : 8 l 








*With x? analysis the number of side effect failures with erythr omycin was significantly greater than that with clindamycin 


(p < 0.001). 


tLost to follow-up. Twelve patients did not return for either follow- -up visit. One clindamycin-treated patient completed the 
protocol and had a negative culture at the first follow-up visit but did not return-at day 28. 


to the laboratory on the day of collection. In the event — 


a specimen could not be assayed by culture within 24 
hours, it was maintained frozen at — 70° C.° 
The McCoy cell culture assay for.C. trachomatis was 


a modification of the method described by Oyelese ., 


et al."’ One milliliter of the adjusted cell suspension 
(7 xX 10° cells/ml) was added to a 1 dram shell vial 
containing a 12 mm coverslip. The test specimen (100 
wl) was added and the vial was sealed with a sterile 


rubber stopper and centrifuged at 900 g for 45 minutes °° 


at 20° to 22° C. After centrifugation, the supernatant 


was removed by aspiration and 1 ml of Chlamydia me- 


dium containing cycloheximide (1.0 pg/ ml) was added 


to each vial. The vials were stoppered and incubated ` 


at 37° C for 48 hours. The cells were fixed in methanol, 
stained with filtered Jones’ iodine” for 30 minutes, and 
inverted onto a drop of iodine-glycerin on a glass mi- 
croscope slide. The glycogen-rich inclusions (dark ma- 
hogany) were visualized and enumerated at x 10 mag- 
nification by ordinary light microscopy. l 
I 
Results : 
Demography. Culture of 4013 sexually active women 


yielded a chlamydial isolation rate of 6.1%. Women. 


aged 16 through 25 accounted for 81.7% of all chla- 
mydial infections; females younger than 16 or older 
than 35 accounted for only 2.4% of all infections (Table 
I). Beginning at age 16, the incidence of chlamydial 


infections decreased as age of the women increased. , 


Those 16 to 20 years old exhibited the highest incidence 
(9.3%); those 21 to 25 years old had the next highest 
incidence (6.3%), followed by the 26- to 35-year-old 


group (3.4%). Women older than 35 had an isolation. 


rate of only 1.8%. The incidence of chlamydial infec- 
tion in the-groups 16 to 20 years old was significantly 
greater (p < 0.001) than that of the 21- to 25- or the 
26- to 35- year-old groups. The 21- to 25-year-old group 
exhibited a significantly greater incidence (p < 0.001) 
than the 26- to 35-year-old group, 


Symptoms. Among the 3257 women whose histories a i 


were accessible for study, 777 (24%) complained of spe- 
cific symptoms, while 2480 (76%) women were “asymp- 
tomatic,” which reflects a statistically significant differ- 


ence (p < 0.001). The most prevalent complaint was 
vaginal discharge with or without pain. Cervicitis 
was the most common finding during pelvic exami- 


' nation. If a patient complained of symptoms, such 


as a vaginal discharge or pelvic pain, she was nearly 


` twice as likely to have a positive C. trachomatis cul- 
"ture than if she were asymptomatic; the incidence of 
` C. trachomatis was 11.2% among the symptomatic group 


while only 6.4% among the asymptomatic group (p < 
0.001). , 

Among the 63 patients with N. gonorrhoeae infection 
(who were excluded from this study) 26 (or 41.3%) also 
were infected by C. trachomatis. Among all patients with 
one or both of the sexually transmitted diseases, 78% 
were infected only by C. trachomatis and 13% only by 
N. gonorrhoeae, while 9% of the women had a dual in- 


` fection with both C. trachomatis and N. gonorrhoeae. 


Among patients infected by C. trachomatis, 10.6% also 
had positive cultures for N. gonorrhoeae. 

_ Efficacy of therapy. Of the 246 women with positive 
cultures for C. trachomatis, 83 failed to meet the inclu- 
sion criteria and 50 elected not to enroll in this study 
for a variety of reasons. Results of therapy for the 113 


-patients who participated in the study are shown in 


Table II. The code identifying patients as to protocol 
groups was not opened until completion of the study. 
There were no microbiologic drug failures in either 


‘treatment group. However, there was no significant dif- 


ference in the number of patients completing the study 
in the clindamycin treatment regimen compared with 
those treated with erythromycin. Of the 56 patients who 


enrolled in the clindamycin arm of the protocol, 47 (or 


83.9%) completed therapy and experienced microbi- 


‘ ologic and clinical cures. In contrast, erythromycin 


therapy was completed by only 25 of the 57 women 
(43.9%) enrolled. One patient treated with erythro- 
mycin experienced what was believed to be reinfection. 
The culture was negative at her first (5-day) follow-up 
visit but positive at her second (28-day) follow-up visit. 
The history of her sexual activity during that 3-week . 
period suggested, but did not conclusively prove, rein- 
fection rather than relapse. One patient with initial neg- 
ative human chorionic gonadotropin test results en- 
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rolled in the study but a pregnancy test during therapy 
gave a positive result; therefore she was removed from 
the study. She was in the erythromycin arm of the study. 

The number of side effect failures for erythromycin 
was 22 of 57 or 38.6% (Table II). This was more than 
five times greater than the number of side effect fail- 
ures for clindamycin (4 of 56 or 7.1%), a statistically 
significant difference (p < 0.001). If a patient com- 
plained of side effects during the course of therapy, 
she was strongly encouraged to complete the regimen. 
The nurses were successful in persuading many pa- 
tients to continue. Therapy was discontinued only if 
the patient adamantly refused to continue. The adverse 
reactions or side effects most commonly experienced 
were nausea and vomiting with or without abdominal 
pain. A rash developed in one patient in each protocol, 
therapy was discontinued and the patients were advised 
that they were allergic to the particular drug taken. 
One patient developed esophageal ulcers during the 
course of clindamycin therapy, and the disorder was 
probably drug-related. Additionally, four clindamycin- 
treated and eight erythromycin-treated patients were 
designated as noncompliant (defined by failure to re- 
turn for either of their-two follow-up visits). One 


clindamycin-treated patient did not.return for the sec- ` 


ond (28-day) follow-up visit, but C. trachomatis culture 
was negative and she was without signs or symptoms 
on her first (5-day) follow-up visit. Since these women 
could not be contacted, it is not known if any were 
compliant in completion of protocol therapy. It is con- 
ceivable that some may have elected voluntarily to dis- 
continue therapy because of side effects. 


Comment 

As many as 28% to 50% of patients with sexually 
transmitted disease are infected by C. trachomatis.'.' 
The general incidence of chlamydial infection among 


women seen at family planning clinics as determined 


by actual culture or direct antigen detection has been 
reported as 6% to 23%."'* The observed incidence of 
C. trachomatis infection among 4013 female subjects in 
this study was 6.1% (Table I). This figure is somewhat 
lower for a small semirural area than those’reported 
from larger metropolitan areas. The incidence of dual 
infection by N. gonorrhoeae and C. trachomatis (9.2%) is 
very similar to that in previous reports.? Of the 63 
women infected by N. gonorrhoeae, 41.3% also were in- 
fected by C. trachomatis, which supports the Centers for 
Disease Control guidelines suggesting treatment of 
both N. gonorrhoeae and C. trachomatis in female subjects 
with positive N. gonorrhoeae cultures when C. trachomatis 
testing is not available.’ 

Two additional observations warrant further. con- 
sideration. First, the majority of women infected by 
C. trachomatis were asymptomatic. This is evidenced by 
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the fact. that 65% of the women admitted having no 
specific complaints suggestive of C. trachomatis infection 
or any other sexually transmitted disease. Other studies 
also have indicated a high incidence of silent or clini- 
cally inapparent chlamydial infections, at least in the 
initial stages.'* * Second, 47.6% of the observed chla- 
mydial infections occurred among women aged 16 to 
20 years and 34.1% of the observed infections occurred 
in those 21 to 25 years old (Table I). C. trachomatis 
seropositivity has been reported to be associated with 
tubal damage.'*'® Therefore an increased frequency of 
gynecologic sequelae (including infertility and ectopic 
pregnancy) may occur in the future as a consequence 


‘of the high incidence of .C. trachomatis infection in the 


very young population (16 to 20 years) who are not 
actively trying to become pregnant. The high isolation 
rate among young, sexually active, asymptomatic pa- 
tients again emphasizes the need to provide C. trachom- 
atis testing on a routine basis. 

At present, tetracycline or its derivatives are the 
drugs of choice for treatment of C. trachomatis infection. 
Erythromycin is indicated when tetracycline therapy is 
inappropriate or cannot be tolerated. As shown in this 
study, erythromycin was not tolerated by 38.6% of the 
patients. Clindamycin was better tolerated and was an 
equally effective alternative treatment for C. trachomatis. 

Clindamycin plus an aminoglycoside is one of the 
regimens of choice recommended by the Centers for 


Disease Control for treatment of acute pelvic inflam- 


matory disease. Previously, the weakness of this regi- 
men has been the relatively untested and therefore un- 
proved effect of this regimen on C. trachomatis. The 
data presented herein indicate that clindamycin is ad- 
equate for eradication of C. trachomatis from the en- 
docervix. More recently, Dodson et al.” have reported 
the use of clindamycin plus aztreonam for treatment 
of acute pelvic inflammatory disease with a 97.6% clin- 
ical cure rate. The advantage of this regimen is that 
aztreonam is less toxic than the clindamycin plus amino- 
glycoside regimen. This report affirms a reasonable 
therapeutic response of patients with C. trachomatis. 
In conclusion, our investigation reports the largest, 
prospective, double-blind, randomized study of C. tra- 
chomatis endocervical culture—positive women treated 
by clindamycin. Microbiologic cures were noted in all 
patients completing therapy with either erythromycin 
or clindamycin, with the exception of one patient 
thought to have experienced reinfection after treat- 
ment by erythromycin. The major difference between 
the two treatment regimens was patient tolerance. 
Erythromycin was relatively poorly tolerated with far 
fewer patients completing therapy. i 
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REFERENCES 


l. Center for Disease Control. Chlamydia trachomatis in- 
fections: policy guidelines for prevention and control. 
MMWR 1985;34(suppl):53S-74S. 

2. Holmes KK. The chlamydia epidemic. JAMA 19813245: 
1718-23. 

3. Schachter J, Hanna L, Hill EC, et al. Are chlamydial in- 
fections the most prevalent venereal disease? JAMA 
1975;231:1252-5. 

4. Chernesky MA, Mahoney JB, Castriciano S, et al. Detec- 
tion of Chlamydia trachomatis antigens by enzyme immu- 
noassay and immunofluoréscence in genital specimens 
from symptomatic and asymptomatic men and women. 
J Infect Dis 1986;154:141-8. 

5. Bowie WR. In vitro activity of clindamycin against Chla- 
mydia trachomatis. Am Vener Dis Assoc 1981;8:2202-21. 

6. Bowie WR, Yu JS, Jones HD. Partial efficacy of clinda- 
mycin against Chlamydia trachomatis in men with non- 
gonococcal urethritis. Sex Transm Dis 1986;13:76-80. 

7. Wasserheit JN, Bell TA, Kiviat NB. Microbial causes of 
proven pelvic inflammatory disease and efficacy of clin- 
damycin and tobramycin. Ann Intern Med 1986; 104:187- 
93. 

8. Landers DV, Sweet RL, Schachter J. The efficacy of com- 
bination therapy for the eradication of Chlamydia and Neis- 
seria gonorrhoeae in the treatment of acute salpingitis. In: 
International symposium on human chlamydial infec- 
tions. 1986:553-535. 


10. 


Ll. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 
19. 


20. 


Clindamycin for Chlamydia 347 


. Martin DH, Pastorek JG, Faro S. In-vitro and in-vivo 


activity of parenterally administered beta-lactam anti- 
biotics against Chlamydia trachomatis. Sex Transm Dis 
1986;13:2:81-7. 

Wentworth BB, Alexander ER. Isolation of Chlamydia tra- 
chomatis by the use of 5-iodo-deoxyuridine-treated cells. 
Appl Microbiol 1974;27:912-6. 

Oyelese AO, Brunham RC, McDowell J, et al. Enhanced 
susceptibility of trypsinized HeLa cells to Chlamydia tra- 
chomatis infection. Eur J Clin Microbiol 1987;6:594-6. 
Gordon FB, Quan AL. Occurrence of glycogen in in- 
clusions of the psittacosis-lymphogranuloma venereum- 
trachoma agents. J Infect Dis 1965;115:186-96. 

Sweet RL, Schachter J, Landers DV. Chlamydial infections 
in obstetrics and gynecology. Clin Obstet Gynecol 1983; 
26:143-6. 

Thompson SE, Washington AE. Epidemiology of sexually 
transmitted Chlamydia trachomatis infections. Epidemiol 
Rev 1983;5:96-123. 

Martin DH, Koutsky L, Eschenbach DA, et al. Prematurity 
and perinatal mortality in pregnancies complicated by 
maternal Chlamydia trachomatis infections. JAMA 1982; 
247:1585-8. 

Hartford SL, Silva PD, diZerega GS, et al. Serologic evi- 
dence of prior chlamydial infection in patients with tubal 
ectopic pregnancy and contralateral tubal disease. Fertil 
Steril 1987;47:118-21. 

Quinn PA, Petric M, Barkin M, et al. Prevalence of anti- 
body to Chlamydia trachomatis in spontaneous abortion and 
infertility. AM J OBSTET GYNECOL] 987; 156:291-6. 

Sweet RL. Chlamydial salpingitis and infertility. Fertil Ste- 
ril 1982;38:530-3. 

Svensson L, Mardh PA, Ahigren M, et al. Ectopic preg- 
nancy and antibodies to Chlamydia trachomatis. Fertil Steril 
1985;44:313-7. 

Dodson MG, Faro S, Gentry LO. Treatment of acute pel- 
vic inflammatory disease with aztreonam, a new mono- 
cyclic B-lactam antibiotic, and clindamycin. Obstet Gy- 
necol 1986;67:657-62. 


Intralesional interferon alfa-2b for the treatment of 


genital warts 


Charles E. Welander, MD," Howard D. Homesley, MD, Kenneth A. Smiles, PhD,’ and 


Edwin A, Peets, PhD 


Winston-Salem, North Carolina, and Kenilworth, New Jersey 


A randomized, double-blind, placebo-controlled study has been conducted, and intralesional interferon 
alfa-2b was tested in the treatment of genital warts. This study design was to give 1 million units interferon ` 
alfa-2b intralesionally into the base of each of five external genital warts per patient, on a : 
Monday-Wednesday-Friday treatment schedule for 3 weeks (total of nine injections). Forty-two patients 
were entered (20 randomized to receive interferon and 22 placebo injections). There were 43.8% of 
patients on the interferon treatment arm of the double-blind portion of the study who had complete 
disappearance of all warts, with an additional 25% of patients showing >50% shrinkage of visible warts. 

On the placebo arm 14.3% showed a complete response, with an additional 14.3% showing >50% 
shrinkage. This difference between interferon and placebo treatment was statistically significant 

(p < 0.03). We conclude that intralesional interferon alfa-2b has significant activity in the treatment of 


genital warts. (AM J OBsteT GYNECOL 1990;162:348-54.) 


Key words: Condyloma acuminatum, intralesional interferon, interferon 


One of the very difficult problems in clinical gyne- 
cology can be the successful treatment of genital warts 
(condylomata acuminata). In those patients for whom 
traditional topical therapies have failed, there are no 
simple solutions to the eradication of persistent or re- 
current lesions. The demonstration that >90% of con- 
dylomata acuminata contain deoxyribonucleic acid 
(DNA) sequences of human papillomavirus (HPV) 
types 6 and 11 has changed treatment strategies some- 
what.' An additional complicating problem is that ad- 
jacent epithelial cells that are grossly normal in ap- 
pearance also can contain HPV DNA.’ The visible wart 
is, unfortunately, only one manifestation of HPV in- 
fection of epithelial cells in the anogenital region. 
Treatment measures that simply obliterate visible warts 
often will fail by leaving normal-appearing cells still 
harboring HPV. Therapy such as carbon dioxide laser 
vaporization of genital warts can be extended to en- 
compass wider areas of adjacent normal skin. However, 
this technique increases local morbidity and has not 
been shown to increase the probability of complete 
eradication of all HPV-infected cells.* * 
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One different approach to the treatment of genital 
warts has been the use of interferons. Among the ear- 
liest observations of interferon activity was its antiviral 
property.* ê Interferon also has antiproliferative prop- 
erties, as demonstrated in vitro and in vivo with trans- 
formed human cells. Additional interferon effects are 
on the host immune system.’ In the absence of an 
in vitro model to study HPV, it is difficult to test the 
various theories of interferon activity on HPV-infected 
cells. However, clinical trials have empirically demon- 
strated that interferon does have activity when used to 
treat visible genital warts.* ° There is a reproducible 
dose-response relationship between the number of in- 
terferon units administered and the degree of shrink- 
age and/or complete disappearance of a condylo- 
ma.'* " Systemic side effects preclude repeated inter- 
feron doses greater than 5 million units per treatment.* 
Parenteral and intralesional routes of interferon ad- 
ministration have both been tested, and both do show 
some degree of clinical efficacy?" 

On the basis of the results of previous clinical studies 
of intralesional injections of interferon alfa-2b (Intron- 
A), this study was designed and carried out. By in- 
creasing the dose of interferon from 100,000 units per 
lesion to 1 million units per lesion, increased efficacy 
has been demonstrated.” Treatment of as many as 
three separate lesions has increased responses without 
causing excessive toxicity.'' Our study was designed to 
intensify the treatment schedule even further, giving 1 
million units per lesion into a total of five lesions for 
each treatment. The injections were scheduled on a 
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Monday-Wednesday-Friday sequence for three consec- 
utive weeks. Safety and efficacy of this regimen are 
reported. 


Material and methods 


This study was conducted at Bowman Gray School 
of Medicine of Wake Forest University. It was a double- 
blind, placebo-controlled clinical trial. Patients enrolled 
in this study were between the ages of 16 and 65 and 
in good general health. Patients on a regimen of im- 
munosuppressive or cytotoxic therapy were excluded. 
Anyone with a history of significant cardiac disease, 
pulmonary embolism, thrombophlebitis, asthma, or hy- 
persensitivity to interferon or its diluent also was ex- 
cluded. Female patients were not pregnant as checked 
by serum human chorionic gonadotropin assay and 
were required to use contraceptive measures during 
the study. An explanation of randomization procedures 
was given to each patient before she signed an informed 
consent. 

Patients were required to have at least five separate 
measurable genital warts that were identified as target 
lesions for injection. In selecting target lesions for this 
study, warts that were close together (often appearing 
to be confluent) were avoided. Calipers were used to 
measure the horizontal dimensions and a ruler the ver- 
tical dimensions of each wart. A lesion volume was cal- 
culated as the product of the largest perpendicular di- 
ameters and average height of the five target lesions. 
Photographs also were taken to aid in global response 
evaluation. The base of each of the five target lesions, 
including the subcutaneous tissue beneath each wart, 
was injected with 0.1 ml of the isotonic injection volume 
through a 30-gauge needle. Patients were randomized 
to receive either interferon, given as | million units per 
lesion into each of the five target lesions (total of 5 
million units per treatment), or a similar volume of 
placebo (saline solution), The planned schedule of in- 
jections was Monday, Wednesday, and Friday for three 
consecutive weeks. 

At the conclusion of the double-blind phase of the 
clinical protocol an “open label” trial was offered to 
patients who had received placebo during the initial 
phase and who still had residual genital warts. The 
treatment schema was identical in the “open label” 
phase. Response data for these patients are also in- 
cluded in this report. 

Evaluability of responses was considered adequate 
only for those patients who received at least six of the 
nine scheduled treatments; there must be no more than 
6 days between any two treatments; the total treatment 
period could not exceed 29 days (19 days was scheduled 
when the proposed Monday-Wednesday-Friday se- 
quence was followed exactly). Patients whose lesions 
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Table I. Global response scale for change in 
condylomata acuminata 


100% Clearance of visible lesion 

75% to 99% Reduction in mea- 
sured volume of lesions 

Moderate improvement 50% to 74% Reduction in mea- 
sured volume of lesions 

<50% Reduction in measured 
volume of lesions 

No change from baseline 

Increase in lesion volume and/or 
symptoms 


Diseaseé free 
Marked improvement 


Slight improvement 


No change 
Exacerbation 


Table II. Background data of patients in study 


Age (yr) 
Mean 23.9 
Range 16-61 
Sex 
Male 1 
Female 4l 
Previous therapy 
None 8 
Podophyllin- 33 
trichloroacetic acid 
Laser excision 16 


cauterization 
Lesion volume (mm?) 
Mean 61.7 
Range 2.9-264 


cleared completely before they received the full nine 
treatments could have injections stopped. Conversely, 
patients whose target warts grew while they were re- 
ceiving therapy could be classified as treatment failures 
and withdrawn from the study. In the face of pro- 
gressing lesions during therapy, it was not felt to be in 
the patient’s best interest to continue injections. Patients 
experiencing no change in the size of target lesions were 
continued for the full study. 

Evaluation of the effects of interferon on target le- 
sions was done objectively with measurements of wart 
volume and translated into an overall global response 
scale (Table I). 

Systemic side effects were recorded in all patients as 
grade 0 to 4, on the basis of World Health Organization 
guidelines for acute and subacute toxicity. Symptoms 
reported by the patient that related to local irritation 
from therapy were graded as mild, moderate, or severe. 

Statistical analysis (analyses of variance, Fisher's exact 
test, and x° test) compared the two treatment groups. 


Results 


Forty-two patients were enrolled in this study, ran- 
domized to 20 patients receiving interferon and 22 re- 
ceiving placebo injections. One patient was male (the 
spouse of another study patient), and the remaining 41 
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Table III. Reasons for excluding patients from efficacy analysis 


Patient No. Reason 


Patients randomized to interferon (n = 20) 





19 Patient noncompliance. Received 3 treatments. Did not return 
for follow-up 

25 Adverse experiences. Received 4 treatments. Fever, chills, 
myalgias; patient withdrew 

29* Pregnancy. Received 3 treatments. Patient was withdrawn 
when hCG became positive 

35 Patient noncompliance. Received 6 treatments. Did not return 


for follow-up 
Patients randomized to placebo (n = 22) 
10 Pregnancy. Received 3 injections. Patient was withdrawn when 
hCG became positive 
“Open label” interferon treatment 
27 Adverse experience. Received 1 treatment. Tachycardia to 114 
beats/min. Lasted 5 hr. Resolved without treatment 





hCG, Human chorionic gonadotropin 
*Patient delivered of normal infant at term. 


Table IV. Responses of genital warts to intralesional injections 











Interferon 






Response* 
Disease free 7 43.8 
Marked improvement 2 12.5 
Moderate improvement 2 12.5 
All others 5 31.2 
Total 16 100 











“Open label” interferon 






3 14.3 5 31.3 

3 14.3 2 12.5 

0 5 31.2 
15 71.4 4 25.0 
21 100 16 100 





*Response parameters as defined in Table I. 


‘patients were female. Background data for these pa- 
tients, including the mean lesion volume and the prior 
therapy, are detailed in Table II. Eight patients had 
not received any prior therapy. Thirty-three patients 
had failure of topical preparations such as podophyllin 
and/or trichloroacetic acid; 15 of these additionally 
had either laser therapy, cryotherapy, or surgical ex- 
cision. One patient had failure of laser therapy only, 
without previous exposure to topical agents. 

Five patients were excluded from efficacy analysis in 
the double-blind portion of the study. Four had been 
randomized to receive interferon injections and one 
was in the placebo arm. An additional patient was ex- 
cluded from the “open label” phase. The reasons that 
made these patients unevaluable are detailed in Table 
III. Of the 42 patients in the study, noncompliance with 
the series of intralesional injections was seen in only 
two patients (numbers 19 and 35). Adverse experiences 
related to possible side effects of interferon caused the 
withdrawal of an additional two patients. Patient 25 had 
“flu-like symptoms” and was unable to work at her job 
while on the therapy regimen. She elected to discon- 
tinue therapy. Patient 27 received nine injections on 
the placebo arm of the double-blind study and elected 
to subsequently receive “open label” interferon treat- 


ments. After the first interferon injection, she experi- 
enced sinus tachycardia to 114 beats/min that lasted 5 
hours. No arrhythmias were noted. The episode re- 
solved spontaneously without therapy. Finally, two 
other patients were taken off study because of preg- 
nancy, one on the interferon arm and the other on the 
placebo arm. Each had had a negative serum human 
chorionic gonadotropin assay result before being en- 
tered in the treatment schedule. Each patient reported 
delayed onset of expected menses, and each was tested 
again before week 2 of the study. At this point each 
patient had an elevated serum human chorionic go- 
nadotropin level and was thereby withdrawn from the 
protocol. Both of these patients later were delivered of 
normal term infants. 

Responses to therapy are summarized in Table IV. 
Of the 16 evaluable patients who received interferon 
in the double-blind phase of this treatment trial, there 
were seven who became disease-free, that is, who ex- 
perienced total disappearance of all visible warts. The 
best response noted was “marked improvement” for 
two more patients and “moderate improvement” for 
two others. More than 50% shrinkage of visible warts 
was therefore seen in 11 of 16 patients (68.8%). Among 
the placebo patients there were three with total dis- 
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Table V. Responses to interferon in patients without prior therapy 





5 Interferon 

6 Interferon 

` 35 Interferon 

10 Placebo ° 
ll Placebo 
17 Placebo 
27 Placebo 

42 Placebo — 


Treatment group: ' x ar 
Double-blinded phase Response 


` Disease free 
Disease free 






Response in 
“open label” phase 


Unevaluable 
Unevaluable — 
No change No change 
No change Moderate improvement 
No change Unevaluable 
Disease free 


No change 


Table VI. Toxicity of intralesional treatment: constitutional symptoms 


Interferon injections l 
1 ' Fatigue 1 1 day 
4 , Myalgia 19 4hr 
' Chills 19 6 hr 
Fever 19 6 hr 
6 Chills l 30 min 
22 f , Back pain 1 3 hr 
l Headache l 10 hr 
, Nausea 1 10 hr 
25 ` ; : . Chills 1 2 hr 
` . 8 5hr 
Fever 1 4hr 
8 5 hr 
i Myalgia l 2 hr 
' 8 8 hr 
i (Withdrew from study) 
40 i Headache 11 7 hr 
Placebo injections , ; 
21 i: Back pain 20 1 day 
Chills 20 1 day 
23 Fatigue 8 4 days 
Fever 24 7 days 
Headache 24 7 days 
“Open label” interferon 
23 Myalgia - 1 3 hr 
Headache 1 3 hr 
22 2 hr 
Back pain il 24 hr 
22 2 hr 
; Nausea 22 2 hr 
27 Chills 1 2 hr 
Tachycardia 1 5 hr 


(Taken off study) 


appearance of visible warts. An additional three had 
marked improvement, giving a total of 6 of 21 (28.6%) 
who improved with placebo therapy. This difference 
between the treatments was significant (p < 0.03). Of 
the 16 patients who had “failed” the placebo arm of 
the study and were later given “open label” interferon, 
five had complete disappearance of warts. Two others 
had “marked improvement” and five had “moderate 
improvement,” yielding a total of 12 of 16 (75.0%) who 
had significant benefit from intralesional interferon 
therapy. 

Time to response for those patients receiving inter- 


. feron injections was measured, and initial regression of 


most lesions was seen after 1 week of therapy. One week 
after completion of therapy (week 4) was the soonest 
any patient showed complete clearing of lesions. The 
maximum number of patients with complete clearing 
was reached at 12 weeks after completion of therapy 
(week 15). None of the patients in this study who ini- 
tially had a complete clearing of lesions later had a 
relapse within the 19-week observation period. Re- 
sponses seen in patients treated with placebo were 
spread throughout the observation period, seeming to 
be unrelated to the sequence of injections given. 
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The effect of prior therapy on responses to inter- 
feron is of interest to note. There were eight patients 
enrolled in this study who had not received any prior 
topical, surgical, laser, or cryotherapy treatment. Re- 
sponses to interferon were better ‘in this small subset 
than in the group as a whole, in either the double- 
blinded portion of the study or in the “open label” 


phase (Table V). Patients who had failure of prior ther- , 


apy, whether laser, cryotherapy, or topical, did not show 
any differences in subsequent responses to interferon. 

Adverse effects of the study are summarized in Table 
VI. Constitutional effects described by patients were 
primarily fever, chills, myalgia, and fatigue. A few pa- 
tients reported headaches, nausea, and back pain. 
Among the patients who received interferon therapy, 
only one withdrew voluntarily from the study for rea- 
sons of generalized systemic side effects. All other 
symptoms were limited to 24 hours’ duration. One pa- 
tient receiving placebo therapy had fatigue, fever, and 
headache that lasted 1 week. 

Local reactions related to intralesional injections were 
reported by 4 of 16 patients treated with interferon 
and 7 of 21 receiving placebo injections. Common 
symptoms were burning, itching, pain, and occasionally 
local bleeding. The adverse experiences were most 
commonly reported during the first treatment week, 
decreased by the third treatment week, and were vir- 
tually absent during the follow-up weeks (weeks 4 to 
19). n 

Toxicity identified by laboratory monitoring was lim- 
ited to decreases in white blood cell count in two pa- 
tients receiving interferon, one patient receiving pla- 
cebo injections, and four patients on the “open label” 
phase of therapy. Each had a total white blood cell count 
>4000/mm? on entry into the study, experiencing a 
drop to 3000/mm! to 3999/mm® sometime during the 
study. Spontaneous recovery occurred in each case, 
without any delays in therapy required. Changes in 
aspartate aminotransferase were measured in two pa- 
tients receiving placebo injections. Each patient had 
had a normal aspartate aminotransferase level on entry 
into the study, with subsequent grade 2 toxicity (2.6 to 
5 times the upper normal limit). There was no apparent 


cause for this problem, and both patients experienced . 


spontaneous resolution of the abnormality. 


Comment 


Cumulative data generated by a series of clinical trials 
have shown that interferon alfa-2b can cause a regres- 
sion of genital warts: There is a dose-response rela- 
tionship between the amount and duration of inter- 
feron therapy and the disappearance of visible lesions. 
The maximum tolerable dose of interferon, however, 
is related to the route of administraton and to the re- 
sulting systemic side effects.” 
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What does it mean to the practicing gynecologist to 


‘know that intralesional interferon can cause regression 


of visible condylomata acuminata? There are other top- 
ical agents that can be applied in the office to genital 
warts.'* '® Large bulky lesions can be treated by surgical 
excision, electrocautery, or laser vaporization but not 
without significant local morbidity.’ Clinical experience 
and placebo-controlled trials have demonstrated that 
warts will disappear spontaneously in up to 20% of 
patients.*'' While patients are primarily concerned 
about their visible lesions, subclinical HPV infections 
are being implicated as a cause of treatment failure. 
Available techniques that can detect subclincial infec- 
tions include traditional cytology, histology, and. col- 
poscopy, as well as newer methods of DNA hybridiza- 
tion.’ One study has shown the associated finding of 
cervical intraepithelial neoplasia in 50% of patients with 
visible genital warts.” If a more exhaustive search for 
the coincidence of cervical intraepithelial neoplasia and 
genital warts were undertaken, probably a much higher 
percentage of patients that have both would be found. 
Multiple sites throughout the anogenital area can har- 
bor subclinical HPV. However, it may be possible that 
patients experiencing complete disappearance of all 
visible warts do not have additional occult HPV infec- 
tion. Murine interferon has been shown to eliminate 
extrachromosomal viral genomes from bovine papil- 
lomavirus transformed mouse cells.” A recent study has 
shown an apparently unique ability of human recom- 
binant interferon alfa to rid epidermal cells of the HPV 
genome when used in the clinical treatment of genital 
warts.’ This possibility of clearing the HPV genome 
from epidermal cells in the anogenital area is supported 
by our finding that none of our patients who had com- 
plete disappearance of all visible warts experienced re- 
lapse during the 19-week follow-up. Further investi- 
gation of patients who experience clearing of all visible 
warts is essential, with viral typing from multiple sites 
compared before and after interferon therapy. 

One group” has done extensive HPV typing from 
biopsy specimens of condylomas, noting that patients 
with HPV 6/11 are more likely than patients with HPV 


- 16/18 to experience complete clinical disappearance of 


warts. Careful determination of each patient’s HPV 
type might be of prognostic significance, except that 
nearly half of the patients in one series had more than 
one viral subtype identified in multiple lesions." 


Does interferon alter the host immune system, 
thereby changing the growth of genital warts? Gall 
et al.” reported that patients treated with parenterally 
administered lymphoblastoid interferon failed to reveal 
any consistently abnormal immunologic parameter 
before interferon therapy or any changes during treat- 
ment. All patients had normal lymphocyte stimula- 
tion by mitogens. Each had normal T-helper and T- 
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suppressior cells and normal cell ratios. Fourteen of 16 
patients had elevated immunoglobulin M levels, but 
these did not change with interferon therapy. There 
were fewer patients with positive delayed hypersensi- 
tivity reactions to dinitrochlorobenzene than expected 
from control populations. 

Human immunodeficiency virus screening was ; not 
done in this series of patients (41 of 42 in the study 
were female). Douglas et al. found that patients har- 


boring human immunodeficiency virus were poor re- . 


sponders when, interferon was used to treat genital 
. warts. This suggests that an intact-immune system is 
necessary for interferon to exert its curative effect. Tyr- 
ing et al. have recently reported an increased inter- 
leukin 1 production during interferon therapy for gen- 
ital warts, which normalizes after treatment. 


How long is an optimal. treatment if we are to` 


maximize the therapeutic effect of interferon on 
genital warts? The study by Gall et al. reported 4 of 16 
female- patients showing a complete response after 
42 days’ therapy (5 million units/m? intramuscularly 
daily x 28; then 5 million units/m? intramuscularly 
ti.w. X 2 weeks).* Continued t.i.w. therapy for an ad- 
ditional 6 weeks changed some partial responders into 
complete responders, ultimately yielding a total of 11 
of 16 complete responders. The report by Eron et al.," 
using a total of nine intralesional injections given over 
3 weeks, showed continued shrinkage of warts up to 
16 weeks after initiation of therapy. In our series of 
primarily female patients the best response from in- 
tralesional interferon was usually seen between study 
weeks 3 and 7. A balance has to be achieved between 
the potential benefit of longer-term interferon therapy 
versus the potential lack of patient compliance with a 
protracted treatment schedule. Our study using a t.i.w. 
schedule for three consecutive weeks had only two pa- 
tients excluded from efficacy analysis of interferon 
therapy because of interferon’s side effects. Added pa- 
tient benefit from a longer treatment course might be 
realized, as in the report by Gall et al. Unfortunately, 
this may not be practical for large-scale clinical use. 

Partial responses to therapy have been included in 
this article but are of lesser interest to clinicians. As 
long as any condylomas remain, even though they may 
have decreased in overall size, the patient remains vul- 
nerable to autoinfection from her own HPV-infected 
cells. Additional exposure to the same or new subtypes 
of HPV from new sexual contacts remains a further 
means for reinfection. ' 

In summary, interferon does have activity in the 
treatment of genital warts, demonstrated by intrale- 
sional injection of 1. million units per lesion, up to 5 
million units per treatment. At least nine treatments 
over 3 weeks seem beneficial and tolerable. An optimal 
dose and injection frequency is not yet known, except 
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for the notation that systemic side effects and poor 


„patient compliance often limit theoretically optimal 


dose and schedule considerations. Large volume lesions 
are difficult to clear with interferon alone. Clinical trials 
using combinations of liquid nitrogen and podophyllin 
therapy followed by interferon injections are presently, 
ongoing. 

The major remaining question relates to the effect 
of interferon on subclinical papillomavirus infection. 
Large clinical trials will be needed to correlate the dis- 
appearance of visible condylomata acuminata and the 
persistence or resolution of subclincal HPV infection. 
The observation that interferon has clinical activity in 
the treatment of genital warts is encouraging but is only 
the beginning of a longer exploration. 
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Treatment-dependent and treatment-independent pregnancy 
among women with periadnexal adhesions 


Togas Tulandi, MD, John A. Collins, MD, Elizabeth Burrows, MBA,” 
John F. Jarrell, MD,” Robert A. McInnes, MD, William Wrixon, MD,‘ and 


Charles W. Simpson, MD? 


Montreal, Quebec, Hamilton, Ontario, Halifax, Nova Scotia, and Saskatoon, Saskatchewan, Canada 


In an attempt to evaluate the efficacy of salpingoovariolysis we studied 147 women who were found to 
have periadnexal adhesions on laparoscopic examination. Among these women, 69 were treated by 
laparotomy and salpingoovariolysis and 78 were not treated. There was no significant difference between 
the degree of adhesions in the treated group and in the nontreated group. With the use of life table 
analysis, the cumulative pregnancy rate at 12 and 24 months follow-up was 32% and 45% in the treated 
group and 11% and 16% in the nontreated group, respectively (p < 107°). We suggest that although 
pregnancy might occur in infertile women who have periadnexal adhesions, treatment with 
salpingoovariolysis is associated with a higher pregnancy rate. (Am J OssTeT GYNECOL 1990;162:354-7,) 


Key words: Infertility, treatment, periadnexal adhesions 


Pregnancies attributable to spontaneous cure have 


been observed to occur in several classes of infertile - 


couples.’ ? Treatment-independent pregnancy has 
been associated with unexplained infertility, seminal 
deficiency, ovulatory disorder, endometriosis,’ and 
even among women with fallopian tubes that appeared 
to be occluded.’ f i 


A common finding among infertile females is per- 
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iadnexal adhesions. These adhesions may impair fer- 
tility by interfering with the ovum pick-up mechanism 
and gamete transport. A pregnancy rate of about 50% 
has been reported after liberation of periadnexal adhe- 
sions." > However, in a previous study Collins et al.? 
reported that the majority of: pregnancies among 
women with “incomplete tubal occlusion” occurred in- 
dependent of treatment. This raises the question of the 
value of salpingoovariolysis for the treatment of per- 
iadnexal adhesions in infertile women. 

The purpose of this study is to evaluate the preg- 
nancy occurrence among women with significant per- 
iadnexal adhesions with or without salpingoovariolysis. 


Material and methods 


The study group comprised 147 women from four 
Canadian infertility centers. All were found to have 
periadnexal adhesions on laparoscopy examination and 
all had laparoscopy reports that could be evaluated in 
detail. Patients could be divided into two groups, those 
who subsequently underwent laparotomy and salpingo- 


Volume 162 
Number 2 


Cumulative probability 
of conception (%) 


Treatment and periadnexal adhesions 355 





12 18 24 
Months 


Fig. 1, Cumulative probability of conception among women with periadnexal adhesions who were 
treated by salpingoovariolysis (solid line) and who were not treated (broken line). 


Table I. Degree of periadnexal adhesions in 147 women who were and were not treated 
with salpingoovariolysis 





Treaied 


28 (40.6%) 





Not treated 





Not pregnant 


12 (15.4%)* 66 (88.6%) 


Degree of adhesions 


Number (%) 41 (59.4%)* 
3.5 + 0.27 
*p <10%6, 
tp <0.01. 
tp = 0.02, 


ovariolysis and those who did not undergo salpingo- 
ovariolysis. Patients with endometriosis or tubal occlu- 
sion were excluded from the study. Aside from the 
abnormality in the laparoscopic examination, all other 
investigations were found to be normal. The degree of 
periadnexal adhesions was rated with a modified in- 
ternational classification sanctioned by the Interna- 
tional Federation of Fertility Societies as previously de- 
scribed.’ Apart from its use for diagnostic purposes, 
laparoscopic surgery was not done. Optimum tech- 
nique for salpingoovariolysis was done with a variety 
of microsurgical or laser techniques. * The data 
were analyzed by the Student ¢ test, analysis of vari- 
ance, x? test, life table analysis, and Cox regression 
analysis. 


Results 


Of the 147 women with periadnexal adhesions, 69 
were treated by laparotomy and salpingoovariolysis 
and 78 were not treated. Reasons for nontreatment 
were as follows: the adhesions were considered minimal 
and a laparotomy was not indicated (12 patients); pa- 


4.5 + 0.37 


2.5 + 0.34 3.6 + 0.27 


tients decided not to undergo further surgery (54 pa- 
tients); patients wanted to wait 1 year before further 
surgery (9 patients); and conception occurred within 6 
months after laparoscopy (three patients). 

No significant difference was found in the degree of 
adhesions between the treated group (3.6 + 0.2) and 
the nontreated group (3.8 + 0.2). The cumulative 
probability of conception at 12 and 24 months follow- 
up in patients with duration of infertility <36 months 
were 8% and 13% in the nontreated group (n = 29) 
and 40% and 42% in the treated group (n = 32), 
respectively (p < 107°). In patients with duration of 
infertility =36 months, the cumulative probability of 
conception at 12 and 24 months follow-up were 6% 
and 14% in the nontreated group (n = 67) and 28% 
and 37% in the treated group (n = 34), respectively 
(p < 107°). The cumulative probability of conception 
among all patients is depicted in Fig. 1. As expected, 
the degree of adhesions in women who conceived was 
less than that in women who did not conceive (Table 
I). The ectopic pregnancy rate in the treated group was 
4/41 or 9.7% and in the nontreated group was 3/12 
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Table II. Reproductive performance of 147 women with periadnexal adhesions who were and were not 
treated with salpingoovariolysis 








Treated pregnancy 





Not treated pregnancy 








Intrauterine 


Degree of 
adhesions 


Minimal 30 14 46.6* 3 
(2-3 points) 

Moderate 20 12 60.0 1 
(4-5 points) 

Severe 19 3 15.8 1 
(6 points) 


*p = 0.01. 


or 25% (p = 0.37). The reproductive performance of 
these women is depicted in Table II. With the use of 
Cox models, the only covariate that was associated 
with increased pregnancy rate was treatment (coeffi- 
cient = 1.58, SE = 0.33, p = 0.000). Degree of adhe- 
sions was associated with decreased pregnancy rate 
(coefficient = —0.57, SE = 0.13, p= 0.000) and du- 
ration of infertility had no effect on the pregnancy rate 
(p = 0.83). 


Comment 


Pregnancy often occurs among infertile women in- 
dependent of treatment. This has also been reported 
among women with incomplete tubal occlusions or per- 
iadnexal adhesions. However, the results of the present 
study suggest that the pregnancy rate among women 
whose periadnexal adhesions were liberated is superior 
to the rate of women whose adhesions were not treated. 
The presence of periadnexal adhesions is not an ab- 
solute barrier for conception, but it seems to be asso- 
ciated with lower fertility and this may be significantly 
increased after salpingoovariolysis (Fig. 1, Table I). As 
expected, the majority of pregnancies among un- 
treated women was associated with minimal periad- 
nexal adhesions (Table II). Even in such women, 
salpingoovariolysis was associated with a higher preg- 
nancy rate. Although none of the patients in the present 
study was treated by laparoscopic salpingoovariolysis, 
this technique as an extension of a diagnostic laparos- 
copy can easily be attempted in women with minimal 
and moderate degrees of adhesions. 

The fertility prognosis of women with severe periad- 
nexal adhesions is poor despite treatment. Therefore 
an alternative treatment with in vitro fertilization (IVF) 
should be considered in these women. 

Mahadevan et al.° reported that peritubal and per- 
iovarian adhesions could impair follicular development 
in patients undergoing ovarian stimulation for IVF. 
They suggested that initiation of an IVF cycle in women 
with periadnexal adhesions without first performing 





Intrauterine Ectopic 






10.0 46 8 17.4* 3 6.5 
5.0 15 — = — = 
5.3 17 1 5.9 — — 


salpingoovariolysis might result in a suboptimal follic- 
ular development. However, Diamond et al.” reported 
that adhesions are not a major determinant of the ovar- 
ian response to gonadotropin stimulation and it is not 
necessary to perform salpingoovariolysis before an 
IVF cycle if ultrasonography-guided oocyte retrieval is 
planned. It is possible that the better fertility that is 
associated with salpingoovariolysis is a result of the 


‘restoration of the anatomy of the fallopian tube and 


ovary instead of improvement in the ovarian function. 

In the present study there was no difference in the 
ectopic pregnancy rate between the treated group and 
the nontreated group. Tubal pregnancy can result from 
a delay in the passage of the conceptus through the 
fallopian tube. Peritubal adhesions may reflect the pres- 
ence of endosalpingeal damage or they may alter tubal 
motility and theoretically could predispose the patient 
to the occurrence of a tubal pregnancy. Although, the 
number of ectopic pregnancies in the present series is 
small, it appears that salpingoovariolysis does not de- 
crease the incidence of ectopic pregnancies. This sug- 
gests that the intrinsic damage to the fallopian tube 
plays a more important role in the development of 
ectopic pregnancy than that of the periadnexal adhe- 


_ sions. 


We conclude that although spontaneous pregnancy 
can occur in women with periadnexal adhesions, in our 
observations treatment with salpingoovariolysis was as- 
sociated with a better pregnancy rate. Because several 
other studies have reached a different conclusion, the 
conditions required for an ethical randomized clinical 
trial would appear to exist. 
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and Ronald A. Livingston, MB, Winnipeg, Manitoba; 
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Increased plasma levels of ED1* cellular fibronectin precede 
the clinical signs of preeclampsia 


Charles J. Lockwood, MD, and John H. Peters, MD? 
Boston, Massachusetts, and San Diego, California 


To evaluate alterations in fibronectin homeostasis in preeclampsia we measured the plasma 
concentrations of fibronectin bearing an extra type Il! domain in 33 preeciamptic and 36 control patients at 
varying gestational ages. This fibronectin variant is concentrated in the endothelium of blood vessels and 
has been shown to be released at sites of vascular injury. In addition, total circulating fibronectin levels, 
composed primarily of hepatic-derived fibronectin lacking the extra type Ill domain, were also determined. 
Significant elevations in the average circulating concentrations of fibronectin with an extra type III domain 
(5.5 ug/ml [95% confidence interval, 4.7,6.2] versus 3.2 g/ml [95% confidence interval, 2.9,3.5]; 

p = 0.0001) as well as total fibronectin (387 g/ml [95% confidence interval, 357,417] versus 327 pg/ml 
[95% confidence interval, 305,348]; p = 0.036) were observed in preeclamptic versus control patients. 
Significant elevations in fibronectin levels with an extra type ill domain occurred in the first trimester before 
clinical evidence of preeclampsia. In addition, multivariate logistic regression demonstrated a 5.4-fold 
increase in the risk of preeclampsia with each 1 g/ml elevation in concentration of fibronectin with an 
extra type IIl domain. These findings lend support to the hypothesis that endothelial-vascular injury is a 
primary event in the genesis of preeclampsia. (AM J OpsTeT GYNECOL 1990;162:358-62.) 


Key words: Cellular and plasma fibronectin, endothelial and vascular injury, preeclampsia 


Preeclampsia is classically defined as the triad of hy- 
pertension, proteinuria, and edema associated with 
pregnancy. However, these criteria belie the multisys- 
temic nature of the disorder. Included among its wide- 
spread manifestations are vascular prostanoid and 
platelet derangements, increased sensitivity to vaso- 
pressors and uteroplacental vascular lesions.' This com- 
bination of abnormalities suggests that the disorder 
may result from progressive maternal and/or placental 
endothelial-vascular damage. Unfortunately, this hy- 
pothesis has been difficult to test because of the lack of 
specific markers for endothelial-vascular injury. One 
such potential marker is fibronectin (Fn). 

Fn refers collectively to a family of large glycopro- 
teins (440 to 500 kilodaltons) that exist in nature as 
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dimers or multimers of disulfide-linked subunits de- 
rived from a pool of similar but nonidentical peptides. 
The term plasma Fn refers to the total pool of soluble 
Fn in the circulation, Plasma Fn is a major protein 
constituent (300 g/ml) of plasma and possesses both 
opsonic and clot stabilizing properties. The term cellular 
Fn generally refers to the Fn secreted by cultured cells 
or found in soluble forms within the extracellular ma- 
trix of tissues. Cellular Fn plays a central role in cell 
adhesion, morphology, and migration and is a major 
component of the endothelial extracellular matrix.? ° 
All the various distinct Fn moieties are derived from a 
single gene, with differences in primary structure re- 
sulting from alternative splicing of the primary mes- 
senger ribonucleic acid (mRNA) transcript in at least 
three regions.* One such region that corresponds to a 
single exon and is termed EDI (ED for extra domain) 
is normally not encoded by Fn mRNA in hepatocytes, 
which are the source of almost all Fn in plasma.** As 
anticipated, Fn in human plasma is predominantly 
comprised of dimers that lack the ED1.*° The ED1 
moiety is encoded by Fn mRNA in other cell types 
that have been shown in vitro to produce cellular Fn 
dimers.* Immunohistochemical analysis of human tis- 
sues reveals that the ED1* Fn protein is almost exclu- 
sively localized to the endothelium of blood vessels in 
healthy nonpregnant adults. 

Elevations in total circulating levels of Fn have been 
observed in preeclamptic patients in the second half of 
pregnancy in comparison with controls.’ To better de- 
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Table I. Characteristics of the control and preeclamptic groups 









‘Control population 


Variable name 


Maternal age (yr) 21.2 (20.0,22.4) 
Platelet count (ad- 243k (213k,273k)° 
mission to labor 
and delivery) 
Birth weight (gm) -3231 (2982,3482) 
Gestational age (wk) . 38.5 (37.6,39.5) 
Gestational age draw $ 
(wk) 
Overall 20.3 (17.7,22.9) 
First trimester 10.5 (8.7,12.3) 
Second trimester 20.8, (19.1,22.5) 
Third trimester 33.4, _(29.6,37.2) 


[ime a o ie [ne Do | 


. Preeclamptic population 


p Value 
19.2 (18.1,20.9) 0.06 
i : 166k (141k,191k) 13 0.001 

30 ` 3048 _ (2796,3299) 29 0.3 
36 39.3 ` (38.4,40.2) 33 0.2 

36 20.4 (17.9,23.0) 33 0.95 

8 10.7 (8.8,12.5) 6 0.77 

23 19.6 (18.1,21.0) 20 0.26 

(28.5,34.1) 10 0.26 


5. 31.3 


Table II. Plasma concentrations of ED1* and total fibronectin in control and preeclamptic groups 







Fibronectin moiety 





ED1* Fn (pg/ml) 


By group ` 3.2 (2.9,3.5) 
By trimester 
First 20 s (2.2,3.2) 
Second 3.2 (2.8,3.7) 
Third 3.8 (2.5,5.2) 
Interaction a — 
Total Fn (ug/ml) 
-By group 327 (305,348) 
By trimester 
First 347 (283,411) 
Second 320 (294,345) 
Third 325 i (250,400) -> 
Interaction — : — ‘ 


fine the nature of Fn alterations in preéclampsia and 
to assess the possibility that ED1* Fn is released into 
the circulation of patients with preeclampsia, we used 


a specific enzyme-linked immunosorbent assay (ELISA) 


to quantitate levels of ED1* and total Fn in plasma 
obtained from preeclamptic and control patients across 
gestation. 


Material and methods 


Patients. Informed consent was obtained to evaluate 
hematologic markers of adverse pregnancy outcome 
and citrated plasma samples were collected during a 
9-month period from 737 patients‘undergoing phle- 
botomy: during routine obstetric care at the Yale— 
New Haven Hospital obstetric clinic. The samples were 
centrifuged at 5000 rpm for 10 minutes and stored at 


~70°-G for 318 months. Pregnancy outcomes were - 


subsequently assessed. From this larger cohort of 
plasma samples a case-control study.was undertaken to 
measure ED1* Fn and total Fn concentrations in pre- 
eclamptic and matched control patients. Study patients 


; Control population x Preeclamptic population 






p Value 
ANOVA 


5.5 (4.7,6.2) 33 0.0001 
0.012 
3.6 (2.8,4.5) 6 
5.8 (4.7,6.8) 20 
6.1 (4.7,7.5) 7 
a z = 0.269 
387 (357,417) 33 0.036 
393 (334,451) , 6 0.413 
380 | (334,426) 20 
401 (343,459) 7 
= = me 0.887 


(n = 33) were selected if they met the standard defi- 
nition of preeclampsia: a blood pressure of 140/90 
mm Hg, a 30 mm Hg rise in systolic blood pressure, 
or a 15 mm Hg rise in diastolic pressure (sitting, 
phase V) associated with 1 gm/L of proteinuria on at 
least two occasions >6 hours apart. 

The gestational age at which the first sample was 
drawn from the preeclamptic patients was used to ini- 
tially match control patients. In addition to gestational 
age at sampling, controls were subsequently matched 
for parity, race, and maternal age (n = 36). Single sam- 
ples were obtained from each case and control patient 
except for three patients in each group who had two 
samples obtained. Only the sample by which cases were 
matched with controls was used for this study (one sam- 
ple per patient). Patients with diabetes, abruptio pla- 
cental, infections, multiple gestations, or chronic hy- 
pertension were excluded. 

Measurement of Fn concentrations in plasma sam- 
ples. The dual ELISA method for the simultaneous 
measurement of ED1* Fn and total Fn (ED1* Fn plus 
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Fig. 1. Concentrations of ED1* Fn in control patients (open 
circles) and preeclamptic patients (closed circles) in each trimes- 
ter. Horizontal line depicts mean concentrations. 


ED1~ Fn) was used as previously described,®" using as 
a common standard antigen cellular Fn derived from 
the media of human GM-1380 fibroblasts grown in Fn- 
depleted media. The specificity of the ELISA for ED1* 
Fn and the precision of the dual ELISA method have 
been described. Before ELISA assays, ethylenedi- 
aminetetraacetic acid was added to each citrated plasma 
sample to give a final concentration of 5 mmol/L. All 
assays were performed blinded to the patient’s history. 

Statistical analysis. x’ tests were used to compare the 
proportion of nulliparous patients and the racial dis- 
tribution of cases and controls. Student ¢ tests were used 
to assess differences in maternal age, birth weight, ges- 
tational age at delivery, and gestational age at sampling 


between cases and controls. The Mann-Whitney test- 


was used to evaluate differences in platelet counts and 
Fn levels between the groups. Two-way analysis of var- 
iance (ANOVA) was used to compare levels of ED1* 
and total Fn between cases and controls and by trimes- 
ter. Multivariate logistic regression was used to obtain 
estimates of risk associated with different levels of ED1* 
and total Fn and to control for the effect of gestational 
age at sampling. 


Results 


Cases did not differ from controls with respect to the 
proportion of nulliparous patients (85% versus 83%, 
p > 0.5). The groups also did not significantly differ in 
maternal age, birth weight, gestational age at delivery, 
or gestational age at sampling (Table I). Among the 
subset of patients in whom platelet counts were avail- 
able on admission to labor and delivery, study patients 
had lower counts. The overall racial distribution was 
72% black, 14% hispanic, and 13% white with no sig- 
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Fig. 2. Concentrations of total Fn in control patients (open 
circles) and preeclamptic patients (closed circles) in each trimes- 
ter. Horizontal line depicts mean concentrations. 


nificant differences between the case and control 
groups (p > 0.5). 

The mean concentrations of ED1* and total Fn, as 
well as the two-way ANOVA results are presented in 
Table II. The group effect showed that ED1* and total 
Fn concentrations were significantly higher in pre- 
eclamptic women when compared with controls. Ex- 
amination of the trimester effect showed that ED1* but 
not total Fn levels varied significantly between the first, 
second, and third trimesters. Thus ED1* Fn levels in- 
creased in both cases and controls the later in gestation 
the sample was obtained. The lack of a significant in- 
teraction effect showed that the differences between 
Fn levels in cases and controls were independent of the 
time in gestation that the sample was obtained. ED1* 
Fn levels were significantly higher in the preeclamptic 
group in the first (Mann-Whitney test, p = 0.02) and 
second (Mann-Whitney test, p = 0.002) trimesters be- 
fore clinical evidence of the disorder, The distribution 
of EDI* and total Fn concentrations among cases and 
controls is presented by trimester in Figs. 1 and 2. 

A multiple logistic regression model that used all sub- 
jects was developed with the use of preeclampsia as the 
dependent variable and the continuous variables ED1* 
Fn, total Fn, and gestational age at sampling as the 
independent variables. This model yielded the follow- 
ing odds ratios: ED1* Fn 5.19 (95% CI 2.19,12.31); 
total Fn 1.00 (95% CI 0.99,1.01); and gestational age 
at sampling 0.85 (95% CI 0.75,0.97). Because there was 
no statistically significant association between total Fn 
and preeclampsia (p > 0.5), total Fn was removed from 
the model, increasing the odds ratio for EDI* to 5.41 
(95% CI 2.35,12.44). This adjusted odds ratio indicates 
that there is a 5.4-fold increased risk of preeclampsia 
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associated with each 1 pg/ml increase in ED1* Fn con- 
centration (1 pg/ml = 1 SD of the control group 
mean). 


Comment 


In this study we found that clinical signs of pre- 
eclampsia are preceded by accumulation in the circu- 
lation of Fn bearing an extra type III domain (ED}). 
Although the mechanism by which circulating ED1* 
Fn accumulates remains unknown, several possible 
scenarios can be evisioned. 

Given the immunohistochemical evidence that ED1* 
Fn is normally localized within the endothelium of 
larger blood vessels,’ the intravascular accumulation of 
ED1* Fn associated with preeclampsia could be a result 
of accelerated release from sites of endothelial injury. 
Consistant with this mechanism, intravascular release 
of this protein has been shown to specifically reflect 
vascular injury in experimental in vivo and platelet-free 
in vitro models.'*'' Plasma levels of ED1* Fn have also 
been observed to be significantly greater in individuals 


with clinical evidence of vasculitis. Further support is. 


derived from the observation that sera from toxemic 
patients is cytotoxic to endothelial monolayer cultures.” 
It is noteworthy that fetal and intravillous capillaries 
contain ED1]* Fnř and preeclampsia is associated with 
denudement of fetal intravillous Fn.” 

In addition to the endothelium, small quantities of 
ED1* Fn are contained in platelets." Because increased 
platelet turnover is a hallmark of preeclampsia,’ release 
of platelet ED1* Fn may have contributed to the ele- 
vations detected in preeclamptic patients. Consistent 
with this possibility, in the subgroup of patients in 
whom platelet counts were available, preeclamptic pa- 
tients had lower platelet counts. No information was 
available with regard to maternal salicylate use, a 
potential confounding factor. 

Apart from its distribution in the endothelium of 
endometrial blood vessels ED1* Fn has been shown to 
accumulate in the decidua during pregnancy. It also 
accumulates at sites of tissue remodeling. The ana- 
tomic alterations of the decidua and placental-bed spi- 
ral arteries resulting from physiologic placentation’ 
may be associated with increased local expression of 
EDI* Fn. Such increased expression could result in the 
intravascular release of the ED1* moiety, thereby con- 
tributing to the observed rise in circulating concentra- 
tions of ED1* Fn across gestation in the absence of 
preeclampsia. However, it is unlikely that the prefer- 
ential intravascular accumulation of ED1* Fn identified 
in preeclamptic patients resulted from more extensive 
placentation. The preeclamptic group was composed 
of nondiabetic, primarily nulliparous patients with sin- 
gleton gestations of lower birth weight and thus had 
no propensity toward larger placentas. 
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Finally, preeclamptic renal dysfunction may have al- 
tered the clearance of circulating Fn moieties, resulting 
in the increased plasma concentrations of ED1* and 
total Fn observed in this study. Indeed, elevated total 
plasma Fn levels have been described in patients with 
proteinuria.'* To fully explore the possibility that al- 
tered renal clearance could have contributed to the 
elevated ED1* levels observed in preeclamptic patients 
it will be necessary to assess the elimination half-life of 
circulating ED1* Fn under both physiologic and patho- 
logic conditions. To date, sufficient quantities of pu- 
rified ED1* Fn have not been available to enable such 
kinetic studies. 

Previously, elevations in total circulating Jevels of Fn 
have been noted in preeclamptic patients.’® Given the 
relatively small fraction (<2%) of circulating Fn con- 
tributed by ED1*Fn even among preeclamptic patients, 
Fn lacking the ED] (ED1~ Fn) would appear to be the 
principal moiety detected in these studies. Because 
hepatocyte-derived plasma Fn is an acute phase reac- 
tant, preeclamptic-induced stimulation of hepatic 
ED1~ Fn synthesis may have contributed to the ele- 
vations in total circulating Fn levels that were observed. 
It is also possible that hepatocytes, apparently re- 
stricted to production of ED1~ Fn under normal con- 
ditions,” * might undergo an alteration in Fn mRNA 
splicing during preeclampsia to produce ED1* forms. 

In summary, we have found that circulating concen- 
trations of ED1* Fn are increased in patients destined 
to have clinical manifestations of preeclampsia. Lo- 
gistic regression analysis supports the pathologic rele- 
vance of its release. Inasmuch as ED1* Fn is normally 
concentrated in the endothelium and has been shown 
to be released into the circulation during vascular 
injury,®'®'! these observations support the hypothesis 
that endothelial-vascular injury is fundamental to the 
genesis of preeclampsia. 
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Labetalol pharmacokinetics in pregnancy-induced hypertension 


Rebecca C. Rogers, PharmD, Baha M. Sibai, MD, and W. David Whybrew, MS 


Memphis, Tennessee 


Pharmacokinetic parameters of oral labetalol were studied in eight women with pregnancy-induced 
hypertension in the third trimester of pregnancy. Labetalol exhibited rapid absorption; peak serum 


concentrations of 881 


+ 219 ng/ml occurred at 20 minutes after labetalol ingestion. The terminal 


elimination half-life (mean, 1.7 + 0.27 hours) was found to be shorter than that reported for normotensive 
volunteers or nonpregnant hypertensive patients (mean, 6 to 8 hours). A mean apparent oral elimination 
clearance of 21.8 ml/min/kg compared favorably with that seen in other pregnant and nonpregnant 
populations. Food delayed the time to peak serum concentration to approximately 60 minutes. Labetalol 
was detected in fetal cord samples and amniotic fluid samples at concentrations approximately 50% and 


16% that of simultaneous. maternal vein samples, respectively. (Am J OssteT GYNECOL 1990;162:362-6.) 


Key words: Pharmacokinetics, labetalol, pregnancy-induced hypertension 


Labetalol is an antihypertensive agent that possesses 
selective postsynaptic a-adrenergic and nonselective 
B-adrenergic receptor antagonism. In addition it 
may possess intrinsic agonist activity at B.-receptors, 
as it has been shown to block spontaneous and 
acetylcholine-induced uterine contractions in rats. Be- 
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cause of this unique combination of pharmacologic 
properties, labetalol produces direct vasodilation to de- 
crease total peripheral resistance without changing 
resting heart rate and cardiac output. 
Labetalol has been used in the treatment of 
pregnancy-induced hypertension. Rapid reductions in 
blood pressure occur after oral and intravenous dos- 
ing.” Studies of uteroplacental blood flow indicate that 
a decrease in placental perfusion does not occur, de- 
spite a significant reduction in maternal blood pres- 
sure.” Pregnancy can influence the pharmacokinetic 
and pharmacodynamic disposition of many drugs, but 
pharmacokinetic data in pregnant patients are often 
limited. Rubin et al.* studied half-life and clearance of 
a single intravenous dose of labetalol in 10 antepartum 
women, 7 of the same women post partum, and in 10 
normotensive nonpregnant female volunteers. Other 
studies have evaluated chronic labetalol oral dosing in 
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Table I. Demographic and pharmacokinetic data, group means, and SD.after oral administration of 


labetalol 100 mg after achievement of steady state 
























Gestational Guin . AUC Clo 
Patient age (wk) (ng/ml) (ng + hrimi) (ml/ min/kg) 

1 34 j 88 24 920. 43 1.9 1077 17.6 

2 34 79.5 27 870 35 1.5 1715 12.2 

3 24 49 15 880 25 1.3 1345 25.3 

4 32 90.5 16 840 42 1.8 995 18.5 

5 25 97.7 20 1020 40 1.9 929 18.4 

6 29 76.4 16 NA 35 2.0 662 33.0 

7 32 78.2 15 . 460 . 35 1.6 731 29.2 

8 28 66 17 1180 33 1.3 1211 20.8 
Mean (SD) 29.7 (3.8) 78.2 (15.3) 19 (4.5) 881 (219) 36 (6) 1.7 (0.27) 1083 (342) 21.8 (6.8) 





NA, Not available; Cua, maximum serum concentration; Cain Serum concentration nadir; iz, elimination half-life; AUC, area 
under the concentration versus time curve; Clo, apparent oral elimination clearance. 


pregnancy,” *° but only one study included serum col- 
lection for concentration determination.’ However, 
that study’ did not attempt pharmacokinetic analysis 
because of a limited number of samples. Therefore the 
purpose of this study was to evaluate labetalol’s. phar- 
macokinetic parameters after chronic oral dosing. This 
information, in conjunction with hemodynamic eval- 
uations, could aid in the establishment of appropriate 
dosing guidelines for labetalol in pregnant patients if 
the pharmacokinetic disposition was found to differ 
from that found in the nonpregnant population. A sec- 
ond purpose was to measure placental transfer of la- 
betalol so that this information would be available when 
perinatal safety of labetalol is assessed. 


Material and methods 


This study was approved by the Institutional Review 
Board in conjunction with a 200-patient evaluation of 
labetalol plus hospitalization versus hospitalization 
alone.’ Eight patients randomized to receive labetalol 
in the referenced study gave informed consent to par- 
ticipate in the present pharmacokinetic analysis. Pa- 
tients were in the last trimester of pregnancy and had 
persistent elevations of blood pressure (systolic >140 
to 160 mm Hg or diastolic >90 to 110 mm Hg) 24 
hours after hospitalization. Other laboratory evidence 
of mild preeclampsia included proteinuria (>300 
mg/24 hours) and uricemia (>4.6 mg/dl). Patients had 
no medical or obstetric complications. Prescribed med- 
ications included prenatal vitamins and iron supple- 
ments. There were no dietary restrictions, but patients 
were confined to bed rest. i 

Labetalol 100 mg every 8 hours was administered 
orally at 6 AM, 2 pM, and 10 pm. The study interval took 
place after at least 48 hours of chronic dosing to achieve 
steady state. The time of 48 hours was chosen on the 
basis of an average serum elimination half-life of 6 to 
8 hours in nonpregnant patients, and the fact that it 
takes five half-lives to reach a pharmacokinetic steady 
state. A 5 ml blood sample obtained 8 hours after the 


last dose was defined as time 0 for the study interval. 
The patient then ingested the study dose of labetalol 
100 mg. Postdose blood samples were obtained at 20, 


. 40,60, 90, 120, 240, 360, and 480 minutes. The samples 


were centrifuged within 30 minutes of collection, and 
the serum was stored at — 20° C until analysis. Simul- 
taneous maternal and fetal cord blood samples were 
collected at the time of delivery for labetalol concen- 
tration. In addition, simultaneous maternal and fetal 
cord blood samples obtained for other laboratory as- 
sessment from eight patients receiving labetalol in the 
200-patient study were saved for labetalol concentra- 
tion determination. Therefore the total number of 
paired samples was 16. Amniotic fluid samples were 
collected from six patients who underwent cesarean 
section and received labetalol in the 200-patient study. 
These samples were also stored at —20° C. Samples 
were analyzed by high-performance liquid chromatog- 
raphy with the method outlined by Wood et al.’ A high- 
performance liquid chromatograph (Hewlett Packard 
1084, Avondale, Penn.) equipped with variable wave- 
length ultraviolet detector was used for analysis. Sep- 
aration was achieved with a LiChrosorb RP-18 column 
(10 pm, 20 cm x 4.6 mm) for both serum and 
amniotic fluid. Percentage recovery was >86%. Serum 
samples spiked with labetalol 125 ng/ml revealed a 
coefficient of variation of 4.3%. The assay’s lower limit 
of sensitivity was <10 ng/ml. Samples were run in du- 
plicate. 

The elimination rate constant (ke) was calculated 
from least-squares regression analysis of the terminal 
exponential log plasma concentration versus time pro- 
file, assuming a one-compartment model (Macintosh 
Statworks, Cupertino, Calif.). The terminal elimination 
half-life (ty) was calculated from equation 1: 


ty, = 0.693/ke 
Noncompartmental analysis was used to estimate 


clearance and area under the serum concentration ver- 
sus time curve because this method does not assume 
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Fig. 1. Natural logarithm (Ln) serum drug concentration versus time after oral administration of 


labetalol 100 mg in patients 1 and 2. 


that the elimination data fit a chosen model.? The area 
under the serum concentration versus time curve was 
calculated with the trapezoidal rule. Apparent elimi- 
nation clearance, an estimate of intrinsic liver clearance 
for high clearance drugs like labetalol, was expressed 
in relation to actual body weight and was calculated 
frorn equation 2: 


__ dose per kg body weight 
2 AUG 0-8 


where Clo = apparent oral clearance and AUC 0- 
8 = area under the concentration versus time curve 
from 0 to 8 hours. 

The fetal/maternal serum ratio at time of delivery 
was calculated as fetal cord serum concentration/ma- 
ternal serum concentration. The amniotic fluid/mater- 
nal serum ratio was calculated in a like manner. 


Results 


The eight patients were similar in weeks’ gestation 
(mean, 29.7 + 3.8 weeks), age (mean, 19 + 4.5 years), 
and weight (mean, 78.2 + 15.3 kg), as described in 
Table I. There were seven primigravidous patients and 
one gravida 2, para 0 patient. Initial blood pressure 
averaged 142/91 mm Hg, with an average during ther- 
apy of 131/82 mm Hg. Labetalol was well tolerated by 
all patients with no adverse effects reported. The nat- 
ural logarithm serum drug concentration versus time 
plot for patients 1 and 2 is shown in Fig. 1. The mean 
time 0 serum concentration was 39.3 + 41 ng/ ml, and 
the mean 480-minute serum concentration was 36 + 6 
ng/ml, indicating that the study interval was indeed 
performed after achievement of steady state. Labetalol 
exhibited very rapid absorption with the peak serum 
concentration occurring at 20 minutes, which was the 


timing of the first sample collection, in six patients. Peak 
serum concentration was delayed and occurred at 60 
minutes in patients 2 and 3. On chart review it was 
found that samples were collected between 6 AM and 
2 PM in these two patients, and that they ate breakfast 
during the first hour after the labetalol study dose. 

Labetalol disposition was biphasic. All patients en- 
tered the terminal elimination phase at approximately 
90 minutes after drug ingestion. 

The demographic and pharmacokinetic parameters 
are described in Table I. Food ingestion increased the 
area under the serum concentration versus time curve 
but did not affect apparent elimination clearance, ter- 
minal elimination half-life, or the peak serum concen- 
tration obtained. 

The fetal cord/maternal serum ratio and amniotic 
fluid/maternal serum ratio at time of delivery are de- 
scribed in Fig. 2. These were found to be 0.5 + 0.15 
and 0.16 + 0.13, respectively. 


Comment 


The pathophysiologic changes that take place during 
pregnancy can affect drug disposition and may ulti- 
mately be responsible for an altered pharmacologic ac- 
tivity. Our patients achieved a mean peak labetalol se- 
rum concentration of 881 + 219 ng/ml 20 minutes 
after a 100 mg dose. A previous study of peak concen- 
trations. with oral dosing described peak serum con- 
centration in the range of 96 to 250 mg/ml in non- 
pregnant hypertensive subjects.” The difference is 
thought not to be a result of a difference in patient 
populations, but to a difference in assay technique. The 
previous study was performed spectrofluorimetrically, 
whereas we used a more sensitive high-performance 
liquid chromatography method. Other reasons for dis- 
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Fig. 2. Fetal cord, maternal vein, and amniotic fuid concentrations of labetalol at time of delivery. 


crepancies in reported peak serum concentration may 
be attributed to sampling time and product bioavail- 
ability. 

Two of our patients ate breakfast immediately after 
ingestion of the study dose. Their apparent elimination 
clearance was not significantly different from the other 
patients, which helps to confirm that patients were at 
steady state. Food ingestion resulted in a delay in time 
to peak serum concentration and an increased area 
under the serum concentration vesus time curve. This 
has been reported in a controlled study of the influence 
of food on labetalol absorption." One theory is that an 
increase in splanchnic blood flow caused by food may 
decrease the extraction ratio of high-clearance drugs, 
resulting in increased systemic bioavailability because 
there is less contact with metabolizing enzymes." 
Whether the increased bioavailability improves phar- 
macologic effect has not been addressed. 

Rubin et al.‘ evaluated labetalol half-life and clear- 
ance after intravenous administration in 10 women 
with pregnancy-induced hypertension in the last tri- 
mester of pregnancy. They found a mean terminal 
elimination half-life of 2.4 hours and a mean drug 
clearance of 24.8 ml/min/kg. This compares favorably 
with our findings of a mean 1.7 hour half-life and a 
mean apparent elimination clearance of 21.8 + 6.8 
ml/min/kg. Labetalol half-life in normotensive male 
volunteers and in nonpregnant hypertensive subjects 
has been found to vary considerably from 3 to 8 
hours.'’® ' This wide variation may be a result of the 
wide biologic variation in half-life, but may also be a 
result of a variation in compartmentalization modeling 
between studies. Total body clearance has been found 
to range from 19 to 33 ml/min/kg in nonpregnant 
persons with normal renal and hepatic function," val- 
ues that are also comparable to those in the present 


study, which indicates clearance is not altered by preg- 
nancy. 

The fetal cord/maternal serum ratio df approxi- 
mately 0.5 found by Michael’ and Nylund et al.’ was 
confirmed in our study. The three studies have eval- 
uated this ratio in patients who received varying doses 
at varying times before delivery. Whereas the concen- 
trations differed, the mean ratio remained constant. A 
low amniotic fluid/maternal serum ratio has also been 
reported by Lunnell.* Whereas bradycardia, hypoten- 
sion, hypoglycemia, and a blunted response to stress 
are potential side effects after exposure to B-adrenergic 
antagonists, the occurrence of these in infants exposed 
to labetalol in utero has been sporadic despite platental 
transfer of the drug. 

In this study of labetalol in pregnant patients with 
mild pregnancy-induced hypertension we found a 
shorter labetalol serum half-life but similar labetalol 
clearance, as compared with those of nonpregnant hy- 
pertensive and normotensive populations. This adds to 
our knowledge of the pharmacokinetic disposition of 
orally administered labetalol in pregnancy. 
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The purpose of this study was to determine the role of proteinuria on pregnancy outcome in 444 


hypertensive women with singleton pregnancies. The patients were divided into three hypertensive groups: 
98 with chronic hypertension, 199 with nonproteinuric gestational hypertension, and 147 with proteinuric 
preeclampsia and chronic hypertension with superimposed proteinuric preeclampsia. The presence of 
increased proteinuria (>0.3 gm/L) predicted an adverse pregnancy outcome. Furthermore, the majority of 
smalil-for-gestational-age infants occurred in the group with proteinuric preeclampsia (52%), whereas the 


rate of small-for-gestational-age infants was 18% and 12% in the group with nonproteinuric gestational 
hypertension and chronic hypertension, respectively. The group with chronic hypertension did not show 
any increased risk for fetal outcome. Perinatal mortality rate was extremely poor in the group with 
proteinuric preeclampsia at 129 per 1000, four times higher than those of the other two groups. (Am J 


OssteT GYNECOL 1990;162:366-71.) 


Key words: Proteinuria, hypertension, pregnancy outcome 


Hypertension in pregnancy is the major cause of fetal 
growth retardation and perinatal mortality. 

The influence of hypertension on fetal growth may 
differ according to the type of disease that affects the 
pregnant woman.” Whether the different diseases that 
cause hypertension during pregnancy have similarly 


From the Department of Obstetrics and Gynecology, Catholic Uni- 
versity. 

Received for publication May 5, 1989; revised September 11, 1989; 
accepted September 20, 1989. 

Reprint requests: Sergio Ferrazzani, Clinica Ostetrica e Ginecologica, 
Universita Cattolica del S. Cuore, Largo Agostino Gemelli 8, 
00168 Rome, Italy. 

6/1/16824 


366 


adverse effects on fetal outcome is a matter of contro- 
versy.’”’ The cause of these discrepancies seems to be 
related to the different diagnostic criteria used. 

In patients with chronic hypertension, the appear- 
ance of proteinuria is associated with increased peri- 
natal loss.':?-*® For some authors gestational hyperten- 
sion without proteinuria does not seem to affect fetal 
growth." proteinuric gestational hypertension is un- 
equivocally considered a disease with severe fetal con- 
sequences. ™* 3 

This article describes the role of proteinuria in 444 
hypertensive pregnant women to evaluate the relation- 
ship between proteinuria, type of hypertension, and 
birth weight. 
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Table I. Clinical parameters and pregnancy outcome of 444 study subjects 








Age (yr) 33.2 + 5.8 
Primiparous women (%) 46.2 
Gestational age (wk) 38.3 + 2.8 
Birth weight (gm) 3035 + 784 
Birth percentile 50.3 + 29.9 
Uric acidt (mg/dl) 5.3 + 1.2 





Proteinuric preeclampsia 


(n = 147) 


Nonproteinuric gestational 
hypertension (n = 199) 


29.8 + 5.9* 28.9 + 5.8f 
54.4 66.178 
38.6 + 2.4 35.3 + 3.478 
2922 + 733 1997 + 9271$ 
42.3 + 29.6* 29.5 + 28.148 
5.7 2 15 7.2 + 1.77 





The quantitative data are expressed as.mean + SD. 
*p < 0.05, Nonproteinuric gestational hypertension versus chronic hypertension. 
tp < 0.05, Proteinuric preeclampsia versus chronic hypertension. 


Uric acid was available in chronic hypertension, n = 71; nonproteinuric gestational hypertension, n = 163; proteinuric pre- 
eclampsia, n = 102. ; 


§p < 0.05, Proteinuric preeclampsia versus nonproteinuric gestational hypertension. 


Table II. Prevalence of preterm deliveries (<37 weeks’ gestation) and perinatal deaths in the 
study subjects 














Chronic hypertension Nonproteinuric gestational 


hypertension (n = 199) 


Proteinuric preeclampsia 
(n = 147) 


Preterm delivery 


Number 15 20 86*+ 121 
% 15.3 10.1 58.5 27.3 
Perinatal death 
Number 3 6 19t¢ 28 
o 3.1 3.0 12.9 6.3 
Stillbirth 3 1 2 6 
Neonatal death 0 5 17 22 


*p <0.001 Proteinuric preeclampsia versus chronic hypertension. 
tp < 0.001, Proteinuric preeclampsia versus nonproteinuric gestational hypertension. 
tp < 0.02, Proteinuric preeclampsia versus chronic hypertension. 


Material and methods 


A review was made of 444 hypertensive women with 
singleton pregnancies, who were delivered of infants, - 
in the Department of Obstetrics and Gynecology of 
Catholic University of Rome over a 5-year (1984 to 
1988) period. Hypertension was defined as diastolic 
blood pressure =90 mm Hg in two consecutive mea- 
surements 6 hours apart. The first and fourth Korot- 
koff sounds were used in the determination of systolic 
and diastolic blood pressure, respectively. Proteinuria 
was considered present if either measurements were 
>0.3 gm/L or >1 + (with dipstick) in a random sample, 
in the absence of urinary infection. : 

The patients were divided into three groups: (1) 
chronic hypertension (n = 98) if -hypertension was 
documented before pregnancy or before 20 weeks’ 
gestation; (2) nonproteinuric gestational hypertension 
(n = 199) if hypertension developed during preg- . 
nancy after 20 weeks’ gestation without proteinuria in 
a previously normotensive woman; (3) proteinuric pre- 
eclampsia (NV = 147) if hypertension developed during 


e 


pregnancy after 20 weeks’ gestation with proteinuria 
(n = 126) or if chronic hypertension was complicated 
by superimposed proteinuric gestational hypertension 
(n = 21). Superimposed proteinuric gestational hyper- 
tension was defined on the basis of the appearance 
of significant proteinuria plus exacerbation of hyper- 
tension. 

Hypertensive patients with unclassifiable hyperten- 
sion, multiple pregnancies, fetal congenital anomalies, 
nephropathies, autoimmune disorders, pheochromo- 
cytoma, and other forms of secondary hypertension 
(n = 33) were excluded. 

Management of the patients in the study was ac- 
cording to established clinical practice with regular 
evaluation of maternal blood pressure, serial renal 
function tests, and urinary protein values. 

Antihypertensive treatment with oral methyldopa 
was carried out in patients with chronic hypertension 
if the diastolic pressure was =100 mm Hg on two or 
more occasions, and was supplemented with oral hy- 
dralazine when necessary. In the case of nonproteinuric 
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Fig. 1. Percentage of SGA infants in different groups studied: comparison with general population. 
CH, chronic hypertension; NPGH, nonproteinuric gestational hypertension; PP, proteinuric pre- 


eclampsia. 


gestational hypertension and proteinuric preeclampsia, 
oral or intravenous hydralazine was added to methyl- 
dopa and nifedipine to keep diastolic pressure <110 
mm Hg. 

Data collections included basic information (age, par- 
ity, gestational age) and records of newborn infants 
(birth weight, birth percentile, and perinatal mortality). 
The distribution of birth weight percentiles was on the 


basis of a national standard curve from the general © 


population. 
Small-for-gestational-age (SGA) infants were defined 
on the basis of a birth weight < the 10th percentile by 
the national standard criteria. For regression analysis 
we used the relative birth weight (RBW) defined as: 


birth-weight x 100 
50" percentile birth weight 





because of the abnormal distribution of birth percen- 
tiles in our study group. 


For the analysis inside the group with proteinuric _ 


preeclampsia, the higher value of proteinuria (grams 
per liter in a random sample) of each subject was con- 
sidered before delivery. In this attempt we excluded 14 
patients with proteinuria that was measured only by a 
semiquantitative method (more than 1 + with dipstick). 
Serum uric acid levels (mg/dl) referred to the last value 
before delivery. 

The analysis of variance and the x° test were used in 


the statistical multiple comparison of means and per- 
centages, respectively, with Bonferroni correction. Lin- 
ear and exponential regression were used with the least 
squares method to plot proteinuria as a function of 
birth weight, gestational age, and relative fetal weight. 
Logarithmic transformation was performed when nec- 
essary if the data were not normally distributed. Values 
of p < 0.05 were considered significant. 


Results 


The clinical parameters of the study groups are 
shown in Table I. 

When women with chronic hypertension complicated 
by superimposed preeclampsia (n = 21) were com- 
pared with preeclamptic patients without chronic hy- 
pertension (n = 126), the same rate of SGA infants 
(52%) was observed; so patients with chronic hyper- 
tension complicated by superimposed preeclampsia 
and those with proteinuric preeclampsia were pooled, 

The women of the proteinuric preeclampsia and the 
nonproteinuric gestational hypertension groups were 
significantly younger than the women of the chronic 
hypertension group, and the ratio of primiparous pa- 
tients was higher in the proteinuric preeclampsia group 
than that in the other two groups. 

In the nonproteinuric gestational hypertension 


. group, serum uric acid levels were similar to those of 


the chronic hypertension group; mean birth percentile 
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Fig. 2. Chart shows exponential relationship between relative birth weight (R.B.W.) and week of 
delivery in proteinuric preeclamptic pregnancies (PP group) (n = 133). Relative birth weight of 100 
corresponds with 50" percentile of our national standard curve. Trend toward fetal growth retar- 
dation is quite evident in cases of preeclampsia of early clinical onset. 


was slightly decreased (42.2), whereds mean birth 
weight did not show significant decrease with respect 
to the chronic hypertension group (Table 1). 

In the proteinuric preeclampsia group there were 
significantly higher levels of serum uric acid in com- 
parison with levels in the other two groups. Further- 
more, mean birth weight (1997 gm) and mean birth 
percentile (22.5) were significantly reduced (Table I). 
Preterm delivery (<37 weeks’ gestation) occurred in 
about 60% of the proteinuric preeclampsia group 
(Table II). 

When primiparous patients (n = 86) were compared 
with multiparous patients (n = 61) in the proteinuric 
preeclampsia’ group, no statistically significant differ- 
ence was observed in terms of SGA infants, birth 
weight, birth percentile, week of delivery, and perinatal 
mortality. The same results were seen in the other two 
groups. . 

The prevalence of SGA infants in each group is il- 
lustrated in (Fig. 1; the proteinuric preeclampsia group 
had a rate of 52% of SGA infants (p < 0.0001 versus 
controls), the nonproteinuric gestational hypertension 
group had an 18% rate of SGA infants (p < 0.0005 
versus controls), and the group with chronic hyperten- 
sion did not show a significant difference (p NS versus 
controls). : 

In at-term pregnancies (=37 weeks’ gestation), the 
rate of infants weighing <2500 gm was also statistically 
higher (16%, p < 0.005) in the proteinuric preeclamp- 


sia group in comparison with the other two groups. 
The frequency of these infants in the nonproteinuric 
gestational hypertension group (11.6%), as compared 
with the chronic hypertension group (4.1%) was in- 
creased, but not significant. 

Perinatal mortality. In the 444 pregnancies studied, 
the overall perinatal mortality was 6.3%: the group with 
proteinuric preeclampsia underwent the most adverse 
effects with 19 deaths, the group with chronic hyper- 
tension had 3 deaths, and the group with nonprotein- 
uric gestational hypertension had 6 deaths; therefore, 
perinatal mortality was four times higher when pro- 
teinuria was associated with hypertension. Of the six 
intrauterine deaths, four were SGA fetuses and oc- 
curred before 33 weeks’ gestation; the fifth, a sudden 
unexplained intrauterine death, occurred at 37 weeks’ 
gestation and weighed 2980 gm and the sixth died as 
a result of abruptio placentae at 32 weeks’ gestation. 
Among the 22 neonatal deaths, 15 (68%) were both 
SGA and preterm infants, six were neonates adequate 
for gestational age with a very low birth weight (=750 
gm) at less than 28 weeks’ gestation. The last one, 1200 
gm at 30 weeks’ gestation (21* percentile), died of se- 
vere respiratory distress. In our study, perinatal mor- 
tality was strongly associated with either intrauterine 
growth retardation (IUGR) or very low birth weight. 

Proteinuria. In the proteinuric preeclampsia group 
we performed a regression linear analysis plotting pro- 
teinuria, valuated by the quantitative method, as the 
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function of birth weight (n = 133/147 pregnancies). A 
negative correlation was found (R = — 0.25, p < 0.01). 
The correlations between proteinuria and the week of 
delivery (R = — 0.22, p < 0.05) and the relative birth 
weight (R = — 0.21, p < 0.05) were also negative, the 
latter parameter was an expression of the degrée of 
fetal growth retardation. 

Finally, the proteinuric preeclampsia group showed 
an exponential positive relationship between relative 
birth weight and week of delivery (R = 0.51,p < 0.001) 
(Fig. 2). These findings revealed a major frequency of 
IUGR fetuses in proteinuric preeclampsia of early on- 
set and delivery. No relationship. was found between 
proteinuria and either serum uric acid level of creati- 
nine clearance. 


Comment 


Although the poor fetal outcome is associated with 
hypertensive disorders, the frequency of fetal growth 
retardation according to the different type of hyper- 
tension is controversial.’ 

As far as chronic hypertension and the SGA rate are 
concerned, most authors found that uncomplicated 
chronic hypertension gives a fetal outcome similar to 
that of normal pregnancies,” whereas other authors 
did not agree, especially with regard to black gravidous 
women.' The frequency of superimposed preeclampsia 
is difficult to specify because of the different ethnic 
groups studied and diagnostic criteria used; it ranged 
from 6%? (10%? on the basis of the appearance of pro- 
teinuria) to 36% on the basis of worsening hyperten- 


sion.’ The appearance of proteinuria produced a six- * 


fold increase in the risk for SGA (32%).° 

With regard to severe chronic hypertension in the 
first trimester, Sibai® described a major risk for super- 
imposed preeclampsia (52%) and rate of SGA fetuses 
(43%); the patients with superimposed preeclampsia 
had 78% of the SGA infants versus 5% of the patients 
without preeclampsia. The medical treatment of 
chronic hypertension does not seem to improve fetal 
outcome in some findings’; the results with regard to 
the effectiveness of the treatment over the incidence of 
superimposed preeclampsia are controversial.’ 

The present study supports the concept that the over- 
all prevalence of SGA infants in chronic hypertension 
is 19% (n = 119), but uncomplicated chronic hyper- 
tension (n = 98) showed a rate of SGA infants (12%) 
similar to that of the general population. The appear- 
ance of proteinuria in patients with uncomplicated 
chronic hypertension increased the risk of SGA infants 
almost five times (52%), as well as in preeclamptic pa- 
tients without a history of chronic hypertension (52%). 
In conclusion, only chronic hypertension complicated 
with superimposed preeclampsia was associated with 
poor perinatal outcome. 
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The prevalence of superimposed preeclampsia de- 
termined on the basis of the development of protein- 
uria (21%) was higher than that in other reports.** This 
discrepancy could be because of the different sample 
used; our study was not limited to mild or severe 
chronic hypertension, which is in contrast with the Sibai 
series.” ê f 

Other difficulties in the comparison of other pub- 
lished data are a result of the different definitions 
of SGA pregnancies. Friedman and Neff and 
MacGillivray® used the 10th percentile of the distri- 


_ bution of birth weight; Page and Christianson’ de- 


fined an SGA birth weight as <2500 gm at =37 weeks’ 
gestation. 

- Page and Christianson' showed that gestational hy- 
pertension alone had no influence on the outcome of 
pregnancy, whereas chronic hypertension and. all hy- 
pertensive diseases combined with proteinuria were as- 
sociated with increased risk of IUGR and perinatal 


` mortality. These authors speculated that gestational hy- 


pertension that occurred late but without proteinuria 
could or could not represent an early stage of pre- 


‘eclampsia but did not place the infant at any substan- 


tially increased risk. MacGillivray et al. confirmed the 
lack of adverse effect in gestational hypertensive preg- 
nancies, whereas the presence of proteinuria was as- 
sociated with an increase in both perinatal mortality 
and the incidence of SGA infants.* 

Friedman” reported that hypertension alone was as- 


. sociated with a moderate increase of fetal mortality, 


whereas the combination of hypertension and protein- 
uria was associated with the greatest risk for fetal mor- 
tality when compared with hypertension or proteinuria 
alone. Other authors suggested that only early gesta- 
tional hypertension could increase the frequency of 
SGA infants." Í 

In the present study patients with nonproteinuric 
gestational hypertension showed a significantly in- 
creased rate of SGA infants (18%) and a mild reduction 
of mean birth percentile; the rate of infants who 
weighed <2500 gm at =37 weeks’ gestation was not 
different from that of the chronic hypertension group. 
In our study we did not distinguish between early and 
late gestational hypertension. 

The role of high levels of proteinuria in hypertensive 
disorders was observed by Lin et al.* The authors ob- 
served that heavy proteinuria (=3.5 gm/24 hours) was 
associated with an increased rate of SGA infants (29%) 
and with a threefold to fourfold increase in perinatal 
mortality, as compared with either a high-risk or gen- 
eral population. 

The present study confirms the strong influence of 
proteinuria on fetal outcome in hypertensive diseases. 
In fact, perinatal mortality was four times higher when 


proteinuria complicated the hypertensive pregnancies. 
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Moreover, we observed that the level of proteinuria 
was adversely related to birth weight, week of delivery, 
and relative birth weight by weak, but still statistically 
significant, negative linear correlations. The reduction 
of the mean birth weight in the proteinuric preeclamp- 
sia group was only partially explained by the high prev- 
alence of preterm infants (60%); another factor was 


represented by the high prevalence of SGA infants- 


(52%). 

The increased rate of SGA infants in preeclampsia 
of early clinical onset (Fig. 5) confirms other reports.” 

In the present study higher levels of proteinuria oc- 
curred in patients with preeclampsia of early clinical 
onset whose delivery needed to be accomplished and 
whose fetus was generally preterm and growth re- 
tarded. E 

In hypertensive patients the presence of a statistical 
correlation between proteinuria and birth weight did 
not necessarily indicate a causal correlation. Also, in 
patients with nephrosis an association between the de- 
gree of proteinuria, hypoalbuminemia, and low birth 
weight was described," but this relationship became 
more significant in the presence of hypertension. 

In preeclampsia the level of proteinuria correlated 
with the histologic severity of the renal lesion"; it was 
speculated that this relationship would also exist with 
the placental lesion." 

A marker of vascular damage in preeclampsia has 
recently been identified in plasmatic fibronectin; this 
protein is released by the lesions of the vascular en- 
dothelium.’® Furthermore, in preeclampsia an in- 
creased plasmatic level of fibronectin was related to 
reduced colloid osmotic pressure.’® 

The vascular damage in preeclampsia could be re- 
sponsible for the plasmatic protein escape either in 
urine or in the interstitial space.’* Therefore the vas- 
cular damage could explain protein loss, colloid osmotic 
pressure fall, and IUGR. ; 

Proteinuria could be considered both a clinical late 
marker of the vascular damage and a negative factor 
for fetal outcome in hypertensive diseases. 
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Maternal death caused by HELLP syndrome (with 
hypoglycemia) complicating mild pregnancy-induced 


hypertension in a twin gestation 


M. Neuman, MD, R. Ron-El, MD, R. Langer, MD, I. Bukovsky, MD, and E. Caspi, MD 


Zerifin, Israel 


HELLP syndrome (hemolysis, elevated liver enzymes, low platelets) accompanied by severe hypoglycemia 
in a twin pregnancy led to maternal death. (Am J Osstet GynecoL 1990;162:372-3.) 


Key words: HELLP syndrome, acute fatty liver of pregnancy, severe hypoglycemia 


Preeclamptic toxemia has long been known to be 
complicated by coagulopathies and liver damage. Wein- 
stein described a syndrome of hemolysis, elevated liver 
enzymes, and low platelet count (HELLP syndrome) 
complicating severe toxemia of pregnancy, with grave 
consequence for both mother and fetus. 

Presented is a case of twin pregnancy complicated by. 
only mild pregnancy-induced hypertension, resulting 
in maternal death. The clinical course and the labo- 
ratory and histopathologic findings were typical of 
HELLP syndrome, with the exception of severe hy- 


poglycemia, which is not part of this syndrome. This - 


combination, which has been previously reported only 
once,! is discussed and the literature is reviewed. 


Case report 


A 29-year-old, healthy woman, para 1, gravida 2, was 
admitted to the delivery room at the thirty-ninth week 
of twin pregnancy with ruptured membranes. Her an: 
tenatal care was uneventful, as were previous gestation 
and labor. Results of routine physical and laboratory 
tests, performed on admission, were unremarkable. 
Blood pressure was 110/60 mm Hg, without protéin- 
uria, peripheral edema, or hyperreflexia. Ultrasonog- 
raphy showed the first fetus to be in a vertex presen- 
tation and the second in’a breech presentation. Both 
fetuses were normally developed. Uterine contractions 
and simultaneous heart rate monitoring (of both fe- 
tuses) were normal. Two hours after admission, ma- 
ternal blood pressure rose to 140/90 mm Hg and the 
uterine cervix was dilated to 5 cm. At this stage, a 20- 
minute severe-bradycardia of the sécond twin was re- 
corded and necessitated a cesarean section that was 
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performed with the patient under general anesthesia 
by a transverse incision of the uterine lower segment. 
A 3060 gm female infant with Apgar scores of 10 and 
10 and a 2800 gm male infant (umbilical cord around 
the neck) with Apgar scores of 9 and 10 and cord blood 
pH of 7.00 were delivered. Two normally shaped pla- 
centas, with no signs of abruptio placentae, were re- 
moved from the uterine fundus. The operation was 
uneventful except for an increased oozing from uterine 
and dermal incisions. Clotting function test results were 


within the normal range. Hemoglobin was 12.5 gm/dl 


and thrombocyte count was 82,000/mm*. Three hours 
after the operation was completed heart rate became 
tachycardiac (140 beats/min), gross hematuria ap- 
peared, and the hemoglobin declined to 6.5 mg/dl, 
hematocrit was 19.5%, and thrombocytes 20,000/mm‘. 
The prothrombin time was 24%, activated partial 
thromboplastin time 124 seconds, fibrinogen 74 
mg/dl, and fibrinogen split products 34 pg/dl. Bili- 
rubin, lactate dehydrogenase, and transaminases were 
within normal limits. Administration of three units of 
packed cells, three units of fresh-frozen plasma, four 
units of cryoprecipitate, and 10 units of platelets 
yielded amelioration of the disturbed clotting system. 
Oliguria appeared 10 hours after operation, with urine 
osmolarity of 266 mosm/L and sodium urine concen- 
tration of 86 mEq/L. Blood urea nitrogen rose to 9.6 
mmol/L with normal uririe sediment and serum elec- 
troyte levels. 

Jaundice was noticed and the total serum bilirubin 
level was 197 mmol/L, accompanied by severe hypo- 
glycemia (blood glucose level of 1.2 mmol/L). Twenty- 
four hours after operation, while coagulation function 
tests still showed active disseminated intravascular co- 
agulation, the abdomen became increasingly distended. 
Hemoglobin level did not increase in spite of an ad- 
ditional transfusion of five units of packed cells. A re- 
laparotomy was performed and 2000 ml of free bloody 
fluid was removed from the peritoneal cavity. The 
liver was found to be enlarged, darkly discolored, and 
hard on palpation. Large retroperitoneal hematomas 
were seen without any evidence of active bleeding. 
Liver biopsy was avoided because of the disseminated 
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intravascular coagulation. Twelve units of platelets, 
four units of cryoprecipitate, two units of fresh-frozen 
plasma, and 600 ml of packed cells were transfused. 
Twenty-four hours after the second operation oli- 
guria persisted and peritoneal dialysis was started. The 
liver enzymes levels, which were normal previously, be- 
gan to rise (serum glutamic oxaloacetic transaminase 
level of 2540 U/ml and serum glutamic pyruvic trans- 
aminase level of 1740 U/ml). Atrial fibrillation with 
hypertensive episodes was recorded, together with met- 
abolic acidosis. A trial of heparin treatment was dis- 
continued after a sudden upper gastrointestinal bleed- 
ing. On the fourth postoperative day the patient died, 
in a state of active disseminated intravascular coagu- 
lation, with fulminant hepatorenal failure and meta- 


bolic acidosis. Autopsy revealed large retroperitoneal — 


hematomas and hepatomegaly (liver weight 2700 gm) 
with extensive necrotic and hemorrhagic areas and 
small areas of yellowish parenchyma. The spleen was 
enlarged and showed evidence of necrosis. Multiple 
hemorrhages were seen in the gastrointestinal mucosa, 
the subendocardium, the myocardium, and the lungs. 
Histologic findings included massive liver necrosis with 
fine fatty droplets in the hepatocytes, myocardial fatty 
changes, megakaryocytosis among lung capillaries, he- 
matopoiesis in renal tubuli, and adrenal necrosis. No 
classic toxemic changes within renal glomeruli were 
found. 


Comment 


The HELLP syndrome has been described as a severe 
complication of pregnancy-induced hypertension oc- 
curring in late pregnancy. Only seven cases were pre- 
viously reported to follow mild pregnancy-induced hy- 
pertension, and only one was associated with severe 
hypoglycemia.’ There is considerable controversy re- 
garding the nature, incidence, clinical significance, and 
management of hemolysis, elevated liver enzymes, and 
low platelet count in preeclampsia. This fatal case 
should emphasize, as should many others, the impor- 
tance of awareness of this particular entity. There is 
considerable overlap in the clinical and laboratory data 
in HELLP syndrome, acute fatty liver of pregnancy, 
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and postpartum hemolytic uremic syndromes and id- 
iopathic thrombocytopenic purpura, as well as similar 
outcomes and identical medical approaches. The ac- 
curate clinical differential diagnosis of HELLP syn- 
drome is therefore problematic.’ 

This report of early postpartum maternal death de- 
scribes hemolysis, elevated liver enzymes, and throm- 
bocytopenia, together with hypoglycemia and liver 
necrosis with fatty droplets. This wide spectrum of 
clinical, laboratory, and histopathologic changes is 
suggestive of both HELLP syndrome and acute fatty 
liver, confusing the accurate differential diagnosis. 

This case, as others before, although intensively 
treated, was fulminant and ended, unfortunately, in the 
patient’s death. In such a case efforts should not be 
wasted in establishing an accurate diagnosis of those 
seemingly polar entities. The therapeutic measure- 
ments that should be done are identical for both of 
these hazardous conditions—massive replacement and 
supportive therapy—according to meticulous moni- 
toring of the patient’s cardiovascular, hematologic, he- 
patic, and renal state. 

Is the appearance of severe hypoglycemia evidence 
of profound hepatic damage, as part of HELLP syn- 
drome, or is it suggestive of acute yellow atrophy of 
the liver? Both explanations’are acceptable. 

It is suggested that, in every case of pregnancy- 
induced hypertension, early laboratory analysis for dis- 
seminated intravascular coagulation, serum glucose 
level, and liver functions should be performed, to en- 
able early and aggressive treatment if needed. 
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Effects of birth weight and sociodemographic variables on 
mental development of neonatal intensive care unit survivors 


Michael B. Resnick, EdD, Kathleen Stralka, MS,° Randy L. Carter, PhD, 
Mario Ariet, PhD, Richard L. Bucciarelli, MD," Robert R. Furlough, PhD,’ 
Janet H. Evans, MSPA,’ John S. Curran, MD,° and William W. Ausbon, MD‘ 
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Neonatal intensive care unit survivors (N = 494) from 10 tertiary care centers were evaluated over the first 
4 to 5 years of life to determine the relative contributions of birth weight and sociodemographic factors to 
mental development. Six sociodemographic factors were studied: sex, race, family income, and mother’s 
marital status, age, and educational level; the last five factors also are known to be associated with 
premature birth. Mental development was measured with the Bayley Scales of Infant Development (12 to 
24 months) and the Stanford Binet Intelligence Test (4 to 5 years). Each factor’s influence was assessed 
by multivariate analysis. Birth weight had limited long-term implications; at 4 to 5 years, only infants with 
birth weights <1000 gm had significantly lower scores than those in other birth weight categories. 
Sociodemographic variables had a greater impact on mental development, with age-dependent differences 
found between nonwhite and white children and between children with mothers of low, medium, and high 


educational levels. (AM J Osstet GYNECOL 1990;162:374-8.) 


Key words: Sociodemographic variables, neonatal intensive care unit survivors, mental 


development, birth weight 


Since the 1970s, survival of infants in neonatal in- 
tensive care units (NICUs) has continued to improve.' 
Follow-up studies show that NICU survivors born in 
the 1980s also have fared better developmentally than 
their counterparts from a decade earlier.” Even so, as 
these babies pass through infancy into their preschool 
years, they score below the norm on mental develop- 
ment tests. Many researchers have assumed that low 
birth weight is the major contributor."> Others question 
this assumption, suggesting that underlying environ- 
mental problems may be the main cause.’ These same 
environmental conditions appear to be associated with 
premature birth.*’ 

Limitations of most published studies of NICU sur- 
vivors have included: (1) focus on low birth weight and 
other medical conditions,* è (2) limited follow-up (ie., 
first 3 years of life or less),*° (3) small samples or sam- 
ples drawn from single centers,* '° (4) data collected on 
children who received NICU care before the advent of 
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contemporary NICU technology (in the late 1970s).” 
Few long-term studies of NICU survivors have at- 
tempted to separate out the effects of birth weight from 
those of sociodemographic variables on developmental 
outcome.” '* 

Reports have shown that scores of mental develop- 
ment of preterm infants decline over the first years 
of life.* © Our experience with NICU survivors in the 
State of Florida’s Perinatal Intensive Care Program has 
shown that their scores of mental development decline 
steadily over the first 5 years of life. This study was 
designed to identify possible causes of the declines. To 
do this, we analyzed the developmental course of 494 
NICU survivors over the first 4 to 5 years of life. Spe- 
cifically, we examined the independent contributions 
of birth weight and sociodemographic variables to the 
declines in mental development scores. Variables were 
chosen because they have been suggested as develop- 
mental risk factors: infant's sex, birth weight, and race; 
family income; and mother’s marital status, age, and 
educational level." 


Methods 


Subjects. Subjects were selected for study from a 
population of 6281 children participating in a statewide 
preschool developmental follow-up program.® As neo- 
nates, children in this population had received tertiary 
neonatal intensive care in the 10 Regional Perinatal 
Intensive Care Centers of the State of Florida’s Chil- 
dren’s Medical Services; they received NICU care be- 
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Table I. Distribution of children in the study group versus those in overall developmental follow-up 


population by background variables 










Variable 


Birth weight (gm) 
=1000 
1001-1500 
1501-2500 
22501 
Child’s sex 
Male 
Female 
Child’s race 
White 
Black 
Other (primarily Hispanic) 
Family income 
<$8000 
>$8000 
Mother’s marital status 
Single 
Married 
Mother’s age (yr) 
<18 


19-35 
>36 
Mother’s education 
No high school diploma 
High school diploma through 2 yr college 
More than 2 yr college 


Remainder of 
development follow-up 
Study sample population 
(N = 494) (N = 5787) 





44 9 560 10 
189 38 1435 25 
130 26 1913 33 
131 27 1879 32 
259 52 3151 54 
235 48 2636 46 
245 50 2760 48 
198 40 2561 44 

51 10 466 8 
246 50 3495 60 
248 50 2292 40 
201 41 2699 47 
293 59 3088 33 

60 12 944 16 
404 82 4555 79 

30 6 288 5 
120 f 24 1924 33 
309 63 3307 57 

65 13 556 10 





tween July 1, 1976, and Jan. 1, 1983. Some infants were 
inborn and others were transported in from other hos- 
pitals. Children in this population came primarily from 
low-income families. 

NICU survivors who received developmental follow- 
up consisted of the following: all those weighing 
<1500 gm at birth, 1976 to 1983; all those (any birth 
weight) qualifying for Medicaid or state aid, 1976 to 
1983; those weighing >1500 gm at birth with hospital 
numbers ending in 0 or 5, 1976 to 1981; and those 
weighing >1500 gm with hospital numbers ending in 
5, 1981 to 1983. From this population, all children were 
selected for study who received developmental follow- 
up evaluations at three ages: 1 year, 2 years, and 4 or 
5 years; this totaled 494 children. 

In the study group approximately 27% were deliv- 
ered by cesarean section, 15% had 5-minute Apgar 
scores of =6, and 43% required assisted ventilation. 

Background variables. Birth weight and six socio- 
demographic risk factors were chosen for analysis. 
Birth weight was classified into four categories: =1000, 
1001 to 1500, 1501 to 2500, and =250] gm. Sociode- 
Í mographic risk factors were: infant’s sex, race, family 
income, mother’s age, mother’s educational level, and 
mother’s marital status. Race was identified as black, 


white, or other; the majority of infants in the “other” 
category were Hispanic. Annual family income was di- 
chotomized as above or below $8000. Mother’s age was 
divided into =18, younger, 19 to 35, or =36. Mother's 
educational level was categorized as less than a high 
school degree, a high school degree through 2 years of 
college, or more than 2 years of college. The remaining 
two variables were dichotomous: infant’s sex and moth- 
er’s marital status. Table I shows the distribution of 
subjects by background variables and compares the 
study group with the remaining children in the devel- 
opmental follow-up population. 

Measures of mental development. At 1 and 2 years, 
mental development was evaluated with the Bayley 
Scales of Infant Development, Mental Development In- 
dex (MDI) (mean = 100, SD = 16). At 4 or 5 years, 
the Stanford Binet Intelligence Quotient (SBIQ) was 
used (mean = 100, SD = 16). No effort was made to 
distinguish between 4- and 5-year scores in the analy- 
ses because of the high correlation that we have ob- 
served previously between 4- and 5-year SBIQ scores 
(r = 0.82, p < 0.01). For premature infants, tests were 
given at l and 2 years of adjusted age and 4 or 5 years 
of chronologic age. 

Statistical analysis. A multivariate repeated mea- 
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Fig. 1. Relationship between race and scores of mental de- 
velopment at 12 months, 24 months, and last test at 48 or 60 
months of age. Scores of black children dropped significantly 
during both test intervals, while those of “other” children 
dropped significantly only between 12 and 24 months. (The 
small number of “other” children explains the nonsignificance 
of their last decline in test scores, even though numerically 
the mean scores for black and “other” children were the same 
at 24 months and last test.) : 


sures analysis of variance was conducted with birth 
weight and six sociodemographic variables used as 
between-subject factors and age at evaluation used as 
the within-subject factor. The statistical model used in 
this analysis included main effects of these between- 
subject factors and age and the interaction effects of 
between-subject factors and age. An important aspect 
of this procedure was that it allowed us to test the sig- 
nificance of each effect independently of other effects 
in the model. For example, the effects of birth weight 
could be assessed with every other variable in the model 
held constant. 


Results 

Scores of mental development declined for the 
study group between the first developmental evalua- 
tion at 1 year (MDI = 103), the second at 2 years 
(MDI = 92), and the last test at 4 or 5 years 
(SBIQ = 89) (p = 0.0001). Additional analyses com- 
paring the study group (n = 494) with the remainder 


of the developmental follow-up population (n = 5787): 


indicated that attrition effects were not responsible for 
the declines in mental development scores in the study 
group. 

The results for race were age-dependent (Fig. 1), 
with a significant race-by-age interaction observed 
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(p = 0.0001). At 1 year, no significant differences were 
observed between white, black, and “other” (primarily 
Hispanic) infants. However, between 1 and 2 years, the 
scores of nonwhite infants dropped twice as far as those 
of whites and continued to decline until the last test at 
4 to 5 years, while those of white children stabilized. 

Age-dependent results also were found for mother’s 
educational level (Fig. 2). Statistically significant de- 
creases in mental development scores between | and 2 
years were observed for babies of mothers in all three 
educational categories. However, between 2 and 4 to 5 
years, the scores of children of the best-educated moth- 
‘ers stabilized while those of the other two groups con- 
tinued to decline significantly. 

When the data were analyzed by birth weight cate- 
gories (Fig. 3), mean scores of mental development 
dropped significantly between 1 and 2 years in each 


category (22501, 1501 to 2500, 1001 to 1500, and 


1000 gm) but did not change significantly from 2 
years to the last test at 4 to 5 years. At 4 to 5 years, 
only children with birth weights below 1000 gm had 
significantly lower scores than those in other birth 
weight categories. l 

Average scores of mental development were consis- 
tently lower over time for boys than for girls (92.0 vs 
95.3, p < 0.01). Scores also’ were lower for children 
whose mothers were =36 years old (84.7) than for chil- 
dren of mothers 19 to 35 years old (95.0) and =18 
years old (98.5) (p < 0.005). Children from households 
with annual incomes of =$8000 had consistently lower 
scores (91.8) than those from households with higher 
incomes (95.4) (p = 0.03). 

Mother’s marital status produced no statistically sig- 
nificant effect on mental development. 


Comment 


Studies conducted before the advent of regionalized 
perinatal intensive care indicated that newborns weigh- 
ing <1500 gm were at greater risk for long-term de- 
velopmental delay than those in higher birth weight 
categories.” Our results indicate that the cutoff weight 
is now lower than 1500 gm. By 4 to 5 years of age, only 
the children in our study with birth weights below 1000 
gm had mental development scores significantly. below 
those of children in the remaining birth weight cate- 
gories. This decrease from 1500 to 1000 gm probably 
reflects improved tertiary obstetric and neonatal inten- 
sive care over the last decade. 

` In all birth weight categories, children in our study 
scored at or above the standardization norm at 1 year 
of age. By 4 to 5 years, all were below this norm. The 
fact that mental development scores declined with age 
at all birth weights pointed to sociodemographic vari- 
ables as a more likely explanation than birth weight for 
compromised mental development. 
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Fig. 2. Relationship between mother’s educational level and 
scores of mental development at 12 months, 24 months, and 
last test at 48 or 60 months. Note: At 12 and 24 months, scores 
for infants of mothers with less than a high school education 
were significantly lower than those of infants in the other two 
groups (which did not differ significantly from each other). 
At last test all three groups differed significantly from each 
other. 


Race was one factor found to contribute significantly 
to changes in mental development scores over time. 
Initially, the scores of white children dropped some- 


what, but at all test ages their scores remained near the | 


standardization norm. In contrast, those of minority 
children dropped substantially below the norm, pro- 
ducing deficits consistent with those observed previ- 
ously in term-birth minority children.'* '? Thus deficits 
in mental development of minority NICU survivors 
appear to be acquired with age. 

Mother’s educational level was another factor. Moth- 
er’s education has been implicated by other investiga- 
tors as a predictor of early childhood mental devel- 
opment.’ ® In our study the children of mothers with- 
out high school diplomas had consistently lower scores 


of mental development than children in the other two 


groups. While the scores of mental development 
dropped for children of all mothers between I and 2 
years, the scores of children in the highest maternal 
educational category remained near the standardiza- 
tion norm between 2 and 4 to 5 years. This suggests 
that the different environments created by mothers 
with various educational levels have a major impact on 
the mental development of NICU survivors at ages tra- 
ditionally associated with entry into preschool or kin- 
dergarten programs. 

Three other variables accounted for differences in 
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Fig. 3. Relationship between birth weight and scores of mental 
development at 12 months, 24 months, and last test at 48 or 
60 months of age. 


test scores: sex of infant, family income, and mother’s 
age. However, these differences remained stable over 
time; that is, boys scored slightly lower (three points) 
than girls at all test ages, as documented previously 
for both term infants” and sick and premature in- 
fants.'® Similarly, children in the lowest-income families 
(<$8000) had slightly lower scores (four points) at all 
test ages than children from families with higher in- 
comes, a phenomenon also reported previously.’ ”° Fi- 
nally, children of mothers >36 years old at the ume 
the children were born scored consistently lower over 
time (12 points) than infants of younger mothers. 

In summary, our data indicated that NICU survivors 
have significant declines in mental development scores 
over time. Our findings suggest that the declines are 
not caused by birth weight per se. Rather, mental de- 
ficiencies acquired in NICU babies over the first 4 to 5 
years of life appear to be related primarily to socio- 
demographic factors. 


We thank Jeffrey Roth, PhD, assistant research sci- 
entist, for his careful review of this article and helpful 
suggestions. We also thank Barbara G. Cox, biomedical 
editor, for her assistance in the preparation of the 
manuscript for publication. 
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Intrapartum asphyxia in the preterm fetus <2000 gm 
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The incidence of intrapartum asphyxia in the preterm fetus <2000 gm (6%) is greater than that in the 
mature fetus (2%). Severe antepartum hemorrhage is the only clinical marker predictive of asphyxia in the 
preterm fetus. Marked deceleration patterns and particularly late decelerations may be of predictive value 
for asphyxia. However, many intrapartum asphyxial episodes are not identified on the basis of clinical 
observations. Consistent diagnosis of intrapartum asphyxia in the preterm fetus requires routine umbilical 
cord blood gas and acid-base assessment at delivery. (AM J Osstet GynecoL 1990;162:378-82.) 
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Asphyxia accounts for most intrapartum deaths of 
preterm infants. It also contributes to morbidity in the 
preterm newborn. There is an association between in- 
trapartum fetal asphyxia and newborn respiratory dis- 
tress syndrome.’ Neuropathologic evidence indicates 
that neuronal necrosis may occur as a result of asphyxial 
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insults in the prodromal period that leads to preterm 
labor.” 

The prevalence of intrapartum asphyxia on the basis 
of blood gas and acid-base assessment in the mature 
fetus is approximately 2%.* However, the blood gas and 
acid-base characteristics of the preterm fetus have re- 
ceived limited attention. Thus, the prevalence of as- 
phyxia in the preterm fetus has not been established. 

Clinical risk factors and intrapartum fetal heart rate 
(FHR) characteristics can be of predictive value for 
intrapartum fetal asphyxia. However, severe intrapar- 
tum fetal asphyxia may occur in the low-risk pregnancy 
and in the absence of predictive FHR decelerations.* 
Thus, it can be argued that routine fetal blood gas and 
acid-base analyses at delivery are required to confirm 
the occurrence of an intrapartum asphyxial insult. 

The objectives of this study were to provide evidence 
of the incidence of intrapartum asphyxia and to ex- 
amine the association between clinical and FHR char- 
acteristics and intrapartum fetal asphyxia in the pre- 
term newborn <2000 gm. 


Methods 


The data for this report were derived from 6803 
pregnancies delivered between 1978 and 1986 for 
whom clinical characteristics were prospectively docu- 
mented and fetal blood gas and acid-base assessments 
were carried out at delivery. The study population in- 
cluded 6427 newborns >2000 gm and 376 newborns 
<2000 gm at birth. 

In light of the possible impact of maturity, a matched 
cohort study was used to examine the clinical and blood 
gas characteristics of the preterm newborns <2000 gm. 
This analysis included 23 patients in whom the fetus 
at delivery had an umbilical artery buffer base <34 
mmol/L (hereafter referred to as the asphyxia group). 
The asphyxia group was matched with 46 patients in 
whom the fetus at delivery had an umbilical artery 
buffer base >38.6 mmol/L (hereafter referred to as 
the control group). The two control patients related to 
each asphyxia] patient represented the next patients in 
time sequence who were matched for gestational agë 
and birth weight within 100 gm. The mean gestational 
age and birth weight for the asphyxia group were 32 
weeks and 1435 gm, and for the control group were 
32 weeks and 1514 gm, respectively. The fetal blood 
gas and acid-base characteristics at delivery and the 
Apgar scores in both groups are outlined in Table I. 

Clinical data were documented at the time of deliv- 
ery, coded, and stored for analysis. Data obtained in- 
cluded maternal demographic characteristics (i.e., age, 
race, smoking and socioeconomic status, obstetric his- 
tory, and maternal medical and obstetric complica- 
tions). Detailed data were obtained for toxemia, ante- 
partum hemorrhage, preterm labor, premature rup- 
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Table I. Blood gas and acid-base values and 
Apgar scores of the asphyxia and 
control groups i 














Control 
{n = 46) 


Asphyxia 
(n = 23) 








Umbilical artery - 
pH ; 6.991 0.136 7.293 0.054 0.0001 


Co, tension 74.2 31.2 47.3 10.2 0.0001 


O, tension 10.4 5.7 16.3 5.6 0.0001 

Buffer base 27.0 4.3 41.4 2.5 0.0001 
Apgar scores 

1-Minute 3.3 2.3 6.2 2.9 0.0001 

5-Minute 6.3 2.3 7.9 2.3 0.0001 





ture of the membranes, and the management of labor 
and delivery. Newborn characteristics at delivery (e.g., 
Apgar scores and resuscitation requirements) were re- 
corded. 

Intrapartum FHR records adequate for analysis were 
not available in many cases because of the circumstances 
of the labor or because of management decisions about 
delivery. However, the FHR records of 27 patients 
whose labor was managed in the Perinatal Intensive 
Care Unit were scored for each 20-minute period for 
2 hours before delivery. The records were scored with- 
out awareness of the clinical and laboratory data to 
avoid bias. 

The FHR characteristics scored in each 20-minute 
period included baseline, baseline long-term variability, 
accelerations, and variable and late decelerations. The 
FHR criteria used in this analysis were as previously 
described.‘ 

Blood gas and acid-base assessment of umbilical vein 
and artery blood was performed on blood drawn from 
a clamped segment of umbilical cord obtained imme- 
diately after delivery. Although a consensus has not 
been achieved in the literature, we have established 
for our center an umbilical artery buffer base <34 
mmol/L as a criterion of significant fetal asphyxia.’ 

Univariate analyses were performed with the Student 
t test. Categorical data were analyzed with x? and Fish- 
er’s exact tests. Probabilities <0.01 were considered sig- 
nificant. 


Results. 


The blood gas and acid-base characteristics of um- 
bilical vein and artery blood of the total newborn pop- 
ulation >2000 gm and preterm newborn <2000 gm 
are presented in Table II. The blood gas tensions are 
similar in the umbilical artery of the two groups. How- 
ever, the oxygen tension is slightly lower and the carbon 
dioxide tension is slightly higher in the umbilical vein 
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Table II. Blood gas and acid-base values for the total population of preterm. fetuses <2000 gm and 


fetuses >2000 gm at delivery 














Preterm fetus <2000 gin 











Fetus >2000 gm 








Umbilical vein 














pH 7.320 0.108 7.356 0.061 0.0001 
Pco, 44.7 14.2 42.1 7.3 0.0001 
PO, 25.8 7.5 27.1 6.0 0.007 
Buffer base 43.0 3.6 43.6 2.7 0.005 
Hematocrit 49.8 7.7 51.1 5.3 0.003 
Umbilical artery . . 
pH 7.247 0.115 7.261 0.065 0.01 
PCO, 55.5 16.5 54.8 9.2 NS 
PO, 15.6 5.8 15.1 4.9 NS 
Buffer base 40.8 5.2 41.9 3.4 0.0001 
Hematocrit 49.8 7.8 51.1 5.3 0.003 
Table III. Indications for preterm admission Table IV. Characteristics of antepartum 
of the obstetric patient hemorrhage in preterm pregnancies 
Asphyxia Control Asphyxia Control 
(n= 23) | (n= 46) (n= 14) | (n= 11) | p Value 
Toxemia 4 9 Mechanism 
Antepartum hemorrhage 14 ll Premature placental 5 5 — 
Premature rupture of | 5 13 separation 
membranes . Placenta previa 3 © l pae 
Preterm labor 13 27 Unknown 6 5 NS 
Bs Degree 
Minor 5 1 — 
Moderate 3 9 — 
Severe 6 1 0.001 


of the preterm fetus <2000 gm, in comparison with 
the fetus >2000 gm; and the pH and buffer base of 
both umbilical vein and artery for the preterm fetus 
<2000 gm are significantly lower in comparison with 
the fetus >2000 gm. In keeping with these differences, 
the incidence of intrapartum fetal asphyxia in the pre- 
term fetus <2000 gm, 32 in 376 cases (6.1%) is three 
times the incidence in the fetus >2000 gm, 140 in 6427 
cases (2.2%). 

The association of clinical characteristics to intrapar- 
tum fetal asphyxia in the preterm fetus <2000 gm was 
examined in the matched cohort population. There was 
no significant difference between the asphyxia group 
and the control group in the maternal characteristics 
such as age, parity, and medical complications or in the 
fetal characteristics such as sex, twins, breech presen- 
tation, anomalies, or oligohydramnios. 

The complications accounting for admission of the 
obstetric patient leading to preterm delivery are out- 
lined in Table III. The incidence, duration, and severity 
of toxemia was similar in the two groups. Similarly, 
there was no difference in the incidence and dura- 
tion of premature rupture of the membranes or the 
incidence of preterm labor. In those patients ad- 
mitted because of preterm labor, intervention with B- 
sympathomimetic drugs occurred in 6 of the 13 ob- 
stetric patients in the asphyxia group and 9 of the 27 


patients in the control group. There was no difference 
between the two groups in the drugs used (e.g., isox- 
suprine or ritodrine), the effectiveness in the suppres- 
sion of uterine contractions, or the incidence of ma- 
ternal tachycardia during treatment. 

There was an increased incidence of antepartum 
hemorrhage in the asphyxia group, specifically in se- 
vere hemorrhage with either placenta previa or pre- 
mature placental separation Table IV. The clinical 
findings for the six patients with severe antepartum 
hemorrhage in the asphyxia gnoup are summarized in 
Table V. 

The labor and delivery characteristics of the patients 
in the asphyxia and control groups are summarized in 
Table VI. There was no difference in the incidence of 
elective cesarean section in the two groups. Similarly, 
there was no difference in the incidence of induction 
of labor or the duration of labor. The increased inci- 
dence of cesarean section after a trial of labor in the 
asphyxia group was in response to the FHR decelera- 
tions, predictive of fetal asphyxia. 

Intrapartum FHR characteristics were analyzed in 27 
patients, 7 in the asphyxia group and 20 in the control 
group (Table VII). During the 2 hours of labor before 
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Placenta previa : 


Rider ce 7 ee 


S. H. +++ oe 
Premature placental separation 

M.G. > - t+ ++: 

C. H. ++ +++, 

H. N. i t+ > ++ 

S. R. +++ ++ 





Table V. Characteristics of severe antepartum. hemorrhage in the asphyxia group ` l 


y Bleeding ~: 


Retroplacental | 
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Abdominal 
pain 


FHR 
deceleration 





Coagulopathy ` 


++ = oa ++ 
= > + : + ++ 
ye ++ + ++ 
— + — ++ 
= © ++ = ++ 


All deliveries were by cesarean section. +, Minimal; ++, moderate; +++, marked. 
1 


Table VI. Labor and delivery characteristics of 
preterm pregnancies j 


Asphyxia Control 
(n = 23) | (n = 46) | p Value 


Labor l ; 
None 5 , 9 — 
Elective induction 4 eH — 
Spontaneous labor 13 - 25 NS 

Delivery f . 

Elective cesarean 5 9 — 
section e ; 
Vaginal delivery 10 . 32 _ 
Labor with cesarean 8 5 0.04 

section $ 


delivery the fetuses of the asphyxia group had fewer. 
accelerations and more decelerations than that of the ° 
fetus of the control group. Fetal late decelerations were 
observed during the last hour of labor in three patients 
of the asphyxia group. 


Comment 


The incidence of intrapartum asphyxia in the pre- 
term fetus <2000 gm (6%) is increased compared to’ 
that of the maturé fetus. Labor is acknowledged asa 
mechanism that compromises maternal fetal blood gas 
exchange. Recent evidence has confirmed that the fetus 
is at increased risk of a hypoxic insult during labor. 
Observations in the fetal lamb during labor have shown 
decreasing fetal oxygen tensions and increasing fetal 
oxygen extraction from 30% to 60%.> Percutaneous | 

‘cord blood sampling of the preterm fetus in utero in- 
dicate that oxygen tension may be approximately 55 
mm Hg in the umbilical vein and 34 mm Hg in the 
umbilical artery.® The calculated oxygen saturations on 
the basis of these blood gas and acid-base measure- 


ments imply an oxygen extraction of 30%. The calcu- >. 


lated oxygen saturations on the basis of the blood gas 
and acid-base measurements at delivery from the pre- 
term fetus <2000 gm in this study (i:e., umbilical vein, 
62%, and umbilical artery, 24%) imply a fetal oxygen 


` Table VII. Intrapartum FHR characteristics 
‘during the last two hours-of labor 





Asphyxia mean | Control mean 


f (n = 7) (n = 20) 
' Baseline FHR 147 141 
Accelerations (No./20 min) 0.2 1.1 
Decelerations (No./20 min) 4.5 2.2 


extraction of 60%. Thus the decreasing oxygen transfer 
and increasing oxygen extraction of the human fetus 
during labor may closely parallel the fetal lamb. The 
factors that account for the increased incidence of as- 
phyxia in the preterm fetus as compared with the term 
fetus, remain to be established. It is proposed that the 
mature fetus may be protected in part by an increased 


oxygen capacity. However, the difference of the he- 


matocrit in the preterm fetus (49.8%) in relation to the 
mature fetus (51%) in this study, although significant, 
is small. 

The clinical characteristics of the preterm obstetric 


l patieńt and her pregnancy have limited predictive 


value for intrapartum fetal asphyxia. The only clinical 
characteristic that discriminated the asphyxial group 
from the control group was severe antepartum hem- 


, orrhage as a result of placenta previa or premature 


placental separation. Six pregnancies complicated by a 
severe hemorrhage resulted in fetal asphyxia, which 
represents 25% of the asphyxial group. 

Intrapartum FHR monitoring can be of predictive 
value for fetal asphyxia.* The increased incidence of 
decelerations with, in some cases, late decelerations in 
the asphyxia group suggest this is likely true for the 
preterm fetus. Marked deceleration patterns were pres- 
ent in five of the six cases of severe antepartum hem- 
orrhage with fetal asphyxia. However, such observa- 
tions are not available when management dictates an 
elective section or, as evident in this study, when the 
circumstancés surrounding premature labor (e.g., un- 
recognized active labor, short labors) do not permit 
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meaningful heart rate records to be obtained, A min- 
imum of 2 hours of FHR recording was obtained in 
only 27 pregnancies or 50% of the preterm labors that 
led to delivery. 

The incidence of intrapartum fetal asphyxia, the lim- 
itations in the clinical prediction of the preterm fetus 
at risk, and the possible significance of such insults sug- 
gest that routine umbilical cord blood gas and acid-base 
analysis of preterm deliveries <34 weeks’ gestation 
would be appropriate at this time. 
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Hypertriglyceridemia and hypoxemia in 


small-for-gestational-age fetuses 
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Plasma triglyceride concentration and blood oxygen tension were measured in samples obtained by 


cordocentesis from 35 small- and 54 appropriate-for-gestational-age fetuses at 18 to 36 weeks’ gestation. 
In the appropriate-for-gestational-age fetuses there was an exponential decrease in plasma triglycerides 
with gestation. Some small-for-gestational age fetuses were hypertriglyceridemic and the degree of this 


biochemical disturbance was significantly correlated with the degree of fetal hypoxemia. (AM J OBSTET 


GYNECOL 1990;162:382-6.) 


Key words: Cordocentesis, fetal hypoxemia, fetal triglycerides, small-for-gestational-age 


fetus, fetal blood 


In a study aimed at the detection of familiar hyper- 
lipoproteinemia, Tsang et al.' measured umbilical cord 
plasma triglyceride concentration. An incidental find- 
ing of this study was the association between cord 
blood hypertriglyceridemia and maternal-fetal prob- 
lems including maternal hypertension, prolonged du- 
ration of labor, umbilical cord around the infant’s neck, 
meconium-stained amniotic fluid, post-term delivery, 
and decreased |-minute Apgar scores. It was suggested 
that all these variables are associated with chronic or 


From the Harris Birthright Research Centre for Fetal Medicine, 
King’s College Hospital; and the Cavendish Clinic.’ 

Received for publication October 2, 1988; accepted August 7, 1989. 

Reprint requests: Dr. K. H. Nicolaides, Harris Birthright Research 
Centre for Fetal Medicine, King’s College Hospital, Denmark Hill, 
London, England SE5 8RX. 

6/1/15883 


382 


acute antepartum or intrapartum fetal anoxia and that 
cord blood triglyceride measurement might provide a 
quick, inexpensive, and easily available approach to se- 
miquantitation of antepartum or intrapartum fetal dis- 
tress. Furthermore, it was speculated that measurement 
of cord blood triglycerides may prove to be a useful 
predictor of future growth and development. 

The aim of this study is to measure the plasma tri- 
glyceride concentration and oxygen tension in samples 
obtained by cordocentesis from appropriate- (AGA) 
and small-for-gestational-age (SGA) fetuses and ex- 
amine whether intrauterine hypoxia is associated with 
fetal hypertriglyceridemia. 


Patients and methods 

Reference ranges for fetal plasma triglyceride con- 
centration with gestation were constructed by analysis 
of samples obtained by cordocentesis from 54 AGA 
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Fig. 1. Reference range (mean and individual 95% confidence intervals) of fetal plasma triglyceride 
concentration with gestation, which was constructed from the study of 54 AGA fetuses (@). Also 
shown are umbilical cord plasma triglyceride concentrations obtained from six elective cesarean (©) 


and 12 vaginal (A) deliveries at term. 


fetuses undergoing prenatal diagnosis at 18 to 36 
(mean, 26) weeks’ gestation.? The mean blood Po, and 
glucose concentrations were 41 (SD, 9) mm Hg and 
3.68 (SD, 0.65) mmol/L, respectively, and the individ- 
ual values for each of these AGA fetuses were within 
the 95% normal ranges for gestation.** The indications 
for cordocentesis were prenatal diagnosis of inherited 
blood disorders (8), maternal rubella infection (2), fetal 
karyotyping because of late booking in mothers of ad- 
vanced age (10), or ultrasonographic detection of fetal 
malformations (renal, 21; duodenal atresia, 4; pul- 
monary cyst, 1; hydrocephalus, 8). In all cases the fetal 
karyotype was normal. Furthermore, none of these fe- 
tuses had the blood disorder or infection for which they 
were tested. 

Fetal blood was also obtained by cordocentesis from 
38 women referred to our unit at 21 to 36 (mean, 30) 
weeks’ gestation for fetal karyotyping and blood gas 
analysis because of ultrasonographic evidence of severe 
fetal growth retardation. Gestational age in both AGA 
and SGA fetuses was calculated by Nagele’s rule and 
confirmed by an ultrasonographic scan in early preg- 
nancy. In SGA fetuses the abdominal circumference 
was 2 to 6 (mean, 4.1) SD below the normal mean for 
gestation. In 20 (57%) cases there was oligohydramnios, 
defined by the absence of any pocket of amniotic fluid 
>1 cm in diameter, and in nine (26%) cases the amniotic 
fluid was subjectively considered to be reduced. In 
three of the SGA fetuses the karyotype was abnormal 
(two cases of triploidy and one case of trisomy 21) and 
data from these fetuses were not analyzed. All the 


mothers were healthy and on screening had negative 
test results for antinuclear factor, toxoplasmosis, ru- 
bella, cytomegalovirus, and syphilis. There were no 
drug or alcohol abusers but 11 patients were cigarette 
smokers. Pregnancy-associated hypertension was pres- 
ent in seven (20%) of the cases at the time of cordo- 
centesis. 

Cordocentesis was performed as an outpatient pro- 
cedure without maternal fasting or sedation. The um- 
bilical cord vessel sampled was identified as artery or 
vein by the ultrasonographically detected turbulence 
after the intravascular injection of 200 pl of normal 
saline solution.” The fetal origin of blood was subse- 
quently confirmed by Kleihauer testing. Maternal blood 
was taken from an antecubital vein immediately before 
fetal blood sampling. Fetal blood (250 ul) was collected 
into heparinized syringes and blood gas analysis was 
performed with a Radiometer ABL 330 blood gas ana- 
lyzer (Copenhagen, Denmark). Umbilical venous cord 
and maternal venous blood were also obtained after 12 
vaginal and 6 elective cesarean deliveries at 38 to 40 
weeks’ gestation from women with uncomplicated 
pregnancies. 

The study was approved by the hospital ethical com- 
mittee and informed consent was obtained from the 
patients. The indications for cordocentesis in the con- 
ditions described are reviewed elsewhere.” 

For determination of plasma triglycerides, blood was 
centrifuged (200 g at 4° C) and the plasma stored at 
--70° C for subsequent analysis. Triglycerides were 
measured with 10 pl of plasma by a fully enzymatic 
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Fig. 2. Individual values of plasma triglyceride concentration of 35 SGA fetuses are plotted on the 
reference range (mean and individual 95% confidence intervals) with gestation. 


colorimetric procedure (Triglycerides N, Wako Pure 
Chemicals Ltd., West Germany) performed on a dis- 
crete. automated analyzer (Cobas MIRA, Roche Diag- 
nostics Ltd., Basel, Switzerland). The intraassay coef- 
ficient of variation was 1.5%. a 

Statistical analysis. Statistical analysis was performed 
with a statistical package for personal computers 
(P. Royston, Timberlake Clark Ltd., London, England). 
In the AGA group, the distribution of the data of fetal 
plasma triglyceride concentration was skewed and was 
made gaussian by logarithmic (base 10) transformation. 
The relationship between fetal plasma logy, triglyceride 
concentration and gestation was adequately described 
by a quadratic polynomial model. To produce the ref- 
erence ranges of plasma triglyceride concentration in 
mg/dl with gestation the limits of the calculated ref- 
erence range in logarithms were subjected to an anti- 
logarithmic transformation. Because blood Po, and 
plasma triglyceride concentration change with gesta- 
tion in AGA fetuses, the degrees of hypertriglyceride- 
mia and hypoxemia in SGA fetuses were defined as the 
number of SD of observed plasma triglyceride concen- 
tration and blood oxygen tension from the normal 
mean for the corresponding gestation; these were ex- 
pressed as A log triglyceride and A Poa, respectively.’ 
The unpaired Student ¢ test was.applied to test for 
differences in the mean A log triglyceride in the AGA 
and SGA groups, and for comparison of the vaginally 
delivered and ceserean groups. 


Results 


In the AGA group the fetal plasma triglyceride con- 
centration decreased exponentially with gestation (Fig. 


1) and the relationship was well fitted by a quadratic 
model 


[y = 4.249 — 0.18x + 0.00269x? 


where y = logy (triglyceride concentration + 10), 
x = completed weeks of gestation]. The maternal 
plasma triglyceride concentration increased linearly 
with gestation [y = 1.919 + 0.01x, where y = logy 
(triglyceride concentration + 3), x = weeks] and there 
was no correlation between maternal A log and fetal A 
log triglyceride concentrations (r = 0.03, n = 54). For 
the samples collected at delivery, there was no signifi- 
cant difference between vaginal and ceserean delivery 
groups in mean maternal plasma log triglyceride con- 
centration (t = 0.73, p > 0.47), but the mean fetal 
plasma log triglyceride concentration was 84% higher 
(95% confidence intervals = + 14% to + 196%) in the 
group delivered vaginally (Fig. 1; ¢ = 2.55; p < 0.05). 
The mean fetal plasma triglyceride concentration in 
SGA fetuses was 68% higher (95% confidence inter- 
vals = +44% to +96%) than the AGA fetuses (Fig. 2; 
t = 6.65, p < 0.0001), but there was no difference in 
the maternal triglyceride concentrations in the two 
groups (t = 0.43, p > 0.66). In addition, the degree of 
hypertriglyceridemia in SGA fetuses correlated signif- 
icantly with the degree of hypoxemia (Fig. 3; r = 0.43, 
n = 35,p < 0.01). There was no significant correlation 
between the degree of hypertriglyceridemia and ges- 
tational age (r = 0.05, p > 0.75). 


Comment 


Fetal plasma triglyceride concentration decreases ex- 
ponentially with gestation. This observation is compat- 
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Fig. 3. Relationship of hypertriglyceridemia (triglyceride difference from normal mean from ges- 
tation in SDs) and hypoxemia (difference in oxygen tension from normal mean for gestation in SDs) 


in 35 SGA fetuses. 


ible with reported values in cord blood at the time of 
delivery. Thus, premature infants of 25 to 26 weeks’ 
gestation have higher cord triglyceride concentration 
than that of those delivered after 27 weeks’ gestation.? 
The absence of significant correlation between fetal and 
maternal triglyceride concentrations suggests that there 
is no significant transplacental transport of this lipid, 
and that the fetal plasma triglyceride concentration re- 
flects fetal metabolism. Fetal tissues are capable of tri- 
glyceride synthesis from #12 weeks’ gestation.® How- 
ever, deposition of adipose tissue begins after 24 weeks’ 
gestation and increases exponentially, so that at 32 
weeks’ gestation the fetal fat content is 3.5%, and at 40 
weeks’ gestation 16% of the body weight.’ Therefore, 
the observed decrease in plasma triglyceride concen- 
tration with gestation may be a result of increased use 
by the fetus for deposition into adipose tissue. 

The cord plasma triglyceride concentration at elec- 
tive ceserean section is similar to the levels in samples 
obtained by cordocentesis in late gestation. However, 
the plasma concentration in samples obtained from the 
umbilical cord at vaginal delivery (similar to that re- 
ported in previous studies), is significantly higher than 
that after cesarean section." Therefore, the stress of 
labour is associated with an increase in plasma triglyc- 
erides, probably as a result of catecholamine-mediated 
lipolysis. 

The finding of hypertriglyceridemia in some SGA 
fetuses and the significant correlation between the de- 
gree of this biochemical disturbance with the degree of 
fetal hypoxemia provide evidence for the hypothesis of 
Tsang et al.' and other investigators*® that the plasma 


triglyceride concentration in cord blood at delivery may 
be an indicator of antepartum hypoxia. Hypertriglyc- 
eridemia may be a result of lipolysis of fetal fat stores. 
The energy requirements of the fetus are normally met 
largely by the oxidation of glucose. Because some SGA 
fetuses are hypoglycemic it is possible that in these fe- 
tuses lipids are mobilized from fetal adipose tissue to 
provide an alternative substrate for oxidation, thereby 
making more glucose available for metabolism in the 
brain.’ Alternatively, in SGA fetuses there may be de- 
creased use of circulating triglycerides. This is analo- 
gous to the finding in SGA and premature infants that 
have a reduced ability to clear triglycerides from their 
circulation after the administration of intralipid.* |" ° 
We have previously shown that hypoxemic SGA fetuses 
tend to be hypoglycemic and hypoinsulinemic." ® Be- 
cause insulin promotes tissue uptake and deposition of 
lipids, the hypoinsulinemia of SGA fetuses could be 
responsible for the observed hypertriglyceridemia." 
In AGA fetuses, the plasma triglyceride concentra- 
tion decreases exponentially with gestation, probably 
reflecting increased uptake into adipose tissue. In 
SGA fetuses, there is a correlation between hypertri- 
glyceridemia and hypoxemia. However, it is uncertain 
whether fetal hypoxemia is causative of hypertriglyc- 
eridemia or that both factors are related to the degree 
of uteroplacental insufficiency. The differential con- 
tribution of these two mechanisms may be determined 
by examination of the effect of maternal hyperoxygen- 
ation and correction of the fetoplacental hypoxia on 
the fetal plasma triglyceride concentration.” Further- 
more, to determine whether hypertriglyceridemia is a 
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result of lipolysis or reduced use of lipid it would be 
necessary to measure the fetal blood glucose and 
plasma. glycerol, nonesterified fatty acid, and insulin 
concentrations, in addition to the triglyceride concen- 
tration and oxygen tension in SGA fetuses. 


We are grateful to P. Royston for the provision of 
the statistical package for personal computers and for 
his invaluable statistical advice. 
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Relation of rate of urine production to oxygen tension in 


small-for-gestational-age fetuses 


K. H. Nicolaides, MD, M. T. Peters, MD, S. Vyas, MD, R. Rabinowitz, MD, 


D. J. D. Rosen, MD, and S. Campbell, MD 
London, England 


Hourly fetal urine production rate was determined by real-time ultrasonography immediately before 
cordocentesis for blood gas analysis in 27 small-for-gestational-age fetuses at 20 to 37 weeks’ gestation; 
in 14 cases there was associated oligohydramnios. The values were compared with those of 101 
appropriate-for-gestational-age fetuses. The hourly fetal urine production rate was significantly lower in the 
small-for-gestational-age fetuses than in the appropriate-for-gestational-age fetuses. Furthermore, there 
was a significant correlation between the degree of decrease in urine production and both the degree of 
fetal hypoxemia and the degree of fetal smaliness. There was no significant difference between the 
oligohydramnios and nonoligohydramnios groups in either the degree of decrease in urine production or 
the degree of fetal hypoxemia. (Am J Osstet GYNECOL 1990;162:387-91.) 


Key words: Hourly fetal urine production rate, cordocentesis, fetal blood Po», small for 


gestational age, oligohydramnios 


In uteroplacental insufficiency, fetal oxygenation, 
nutrition, and growth are impaired.’ In response to fe- 
tal hypoxemia there is a redistribution of fetal blood 
flow, with blood shunted to the brain, heart, and ad- 
renals at the expense of the viscera.?* One of the con- 
sequences of this redistribution is that there is reduced 
renal perfusion and subsequent decreased urine pro- 
duction, which may account for the oligohydramnios 
seen in this condition.* > Indeed, oliguric renal failure 
in growth-retarded neonates may be a result of intra- 
uterine hypoxia and reduction in fetal renal blood 
flow. 

Hourly fetal urine production rate (HFUPR) can be 
determined by ultrasonography from serial measure- 
ments of bladder volumes.” ® The aim of this study is 
to examine the relationship between HFUPR and fetal 
blood oxygen tension, measured at cordocentesis. 


Patients and methods 


HFUPR..was determined immediately before cor- 
docentesis in 27 women with small-for-gestational-age 
(SGA) fetuses at 20 to 37 weeks’ gestation. Gestational 
age was determined by Nagele’s rule or an ultrasono- 
graphic scan in early pregnancy if the menstrual dates 
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were uncertain. These patients were referred to our 
unit between June and December 1988 for fetal karyo- 
typing and blood gas analysis because of ultrasono- 
graphic evidence of severe growth retardation. Ultra- 
sonographic examination confirmed that in each case 
the fetal abdominal circumference (AC) was below the 
2.5th percentile of our normal range for gestation. Fur- 
thermore, in 14 cases there was associated oligohy- 
dramnios.* Continuous-wave Doppler studies (Doptek 
spectrum analyzer, Chichester, England) of the uterine 
artery were performed in all cases. The impedance to 
flow was considered to be increased if in the flow ve- 
locity waveform from either of the uterine arteries 
there was a notch in early diastole or the resistance 
index value was above the 97.5th percentile of our ref- 
erence range. Increased impedance was found in 20 
(74%) of the cases. 

With the mothers in a semirecumbent position, real- 
time ultrasonography (Hitachi EUB 340, 3.5 MHz cur- 
vilinear transducer; Sonotron, London, England) was 
used to obtain serial measurements of the longitudinal, 
transverse, and anteroposterior diameters of the fetal 
bladder.” Measurements were made at 2- to 5-minute 
intervals for a period of 30 to 40 minutes. Bladder 
volume was calculated from the three measured di- 
ameters with the formula for an ovoid sphere. For each 
fetus all bladder volumes during the filling phase of 
the first cycle were plotted against time and the HFUPR 
was calculated by regression analysis. The end of a cycle 
was defined either by the observation of micturition or 
by the observation of dynamic changes in the bladder 
including reduction in lumen size and increase in wall 
thickness; the volume immediately before the end of 
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Fig. 1. Hourly fetal urine production rate in 27 SGA fetuses (chromosomes abnormal, 4; normal, 
©) plotted on reference range (mean and individual 95% confidence intervals) that was constructed 


from study of 101 normal pregnancies. 


the cycle was defined as the maximum bladder volume.® 
The intraobserver coefficient of variation for the mea- 
surement of bladder volume in each fetus was obtained 
by dividing the residual SD by the mean of the bladder 
volumes used for the calculation of HFUPR. The me- 
dian for all fetuses was 15.4% (range, 4% to 46%). In 
24 cases the HFUPR was calculated from the bladder 
volume measurements obtained by the same observer 
during two consecutive filling phases; there was no sig- 
nificant difference (the Student paired t test, ¢ = 0.39, 
p = 0.7) in HFUPR between the first and second cycles 
(mean = 30.312 ml/hr, SD = 25.817 and mean = 
29.650 ml/hr, SD = 25.683, respectively). 

A reference range of HFUPR with gestation was de- 
termined from the study of 101 normal singleton preg- 
nancies recruited from the routine antenatal clinic of 
our hospital. In all cases the fetuses were found by 
ultrasonographic examination to be structurally normal 
and to have an AC that was appropriate for gestational 
age (AGA). The data from the first 85 patients were 
previously reported.’ 

Cordocentesis was performed as an outpatient pro- 
cedure without maternal fasting or sedation. The um- 
bilical cord vessel sampled was identified as vein or 
artery by the ultrasonographically detected turbulence 
produced after the intravascular injection of normal 
saline solution (0.4 ml).° Fetal blood (1.4 ml) was col- 
lected into heparinized syringes; 0.2 ml was used for 


measurement of blood gases (Radiometer ABL 330 
blood gas analyzer, Copenhagen, Denmark), 0.2 ml 
was used for Kleihauer testing, which confirmed the 
fetal origin of the sample, and 1 ml was used for karyo- 
typing. 

Statistical analysis. Statistical analysis was performed 
with the Statistical Package for Personal Computers 
(Timberlake Clarke Ltd., London, England). In the 
AGA group, the distribution of the data of HFUPR 
with gestation was made gaussian by logarithmic trans- 
formation. The relationship between logio (HFUPR + 
1.5) and gestation was adequately described by a linear 
model. To produce the reference ranges of HFUPR in 
milliliters per minute with gestation, the limits of the 
calculated reference range in logarithms were subjected 
to an antilogarithmic transformation. Because in AGA 
fetuses blood Po, and HFUPR change with gestation, 
in SGA fetuses these parameters were expressed as the 
number of SDs by which the observed values differed 
from the corresponding normal mean for gestation 
(APo2, AHFUPR, and AAC, respectively). 

In the SGA fetuses, regression analysis was per- 
formed to test for any significant correlation between 
fetal APo., AHFUPR, and AAC. The Student unpaired 
t test was applied to test for any differences in the 
HFUPR between the AGA and SGA groups and for 
differences in HFUPR or Po, between the oligohy-: 
dramnios and nonoligohydramnios subgroups. 


Volume 162 
Number 2 


Urine production rate and Po, 389 


Table I. Fetal urine production and blood Po, (expressed as SDs from the normal mean for gestation), 
karyotype, and outcome in 27 SGA fetuses 













Birth 
weight 
% 














Amniotic fluid 
volume 


Gestational 


age (wk) 


Case Gestational 


age (wk) 









APo, | AHFUPR Outcome 


1 19* 46,XX —4,22 —2.10 Oligohydramnios 21 Intrauterine 140 — 
death 
2 21 69,XXY —2.77 — 1.93 Oligohydraminos 22 Termination 217 — 
_ of preg- 
l nancy 
3 23* 46,XY —2.74 —1.31 Reduced 23 Termination 196 — 
of preg- 
nancy 
4 23* 46,XY —2.35 .— 0.45 Oligohydramnios 28 Intrauterine 750 <3 
death 
5 24* 46,XX — 3,93 — 4.05 Oligohydramnios 24 Intrauterine 300 <3 
death 
6 24% 46,XX -1.97 — 2.24 Oligohydramnios 29 Live birth 560 <3 
7 25+ 46,XY -2.51 —4.30 Oligohydramnios . 30 Live birth 650 <3 
8 26* 46,XX — 2.75 -1.41 Oligohydramnios 32 Intrauterine 660 <3 
death 
9 28% 46,XY — 1.97 — 0.78 Oligohydramnios 29 Live birth 540 <3 
10 28* 46,XX — 2.09 ~— 3.25 Reduced 28 Live birth 834 <10 
Il 28 46,XX — 2.37 0.36 Reduced 28 Live birth 810 <10 
12 30* 46,XX — 3.42 — 1.47 Normal 30 Live birth 1077 <10 
13 31* 46,XY — 3.08 ~3.42 Normal 32 Live birth 850 <3 
14 32* 46,XX —2.50 — 1.35 Normal 32 Live birth 1020 <3 
15 32* 46,XY — 1.60 —0.22 Oligohydramnios 34 Live birth 1540 <3 
16 32* 46,XX — 2.82 —0.31 Reduced 32 Live birth 1100 <3 
17 33* 46,XY — 2,43. —0.75 Normal 33 Live birth 1700 <10 
18 34 46,XX — 1.82 —0.15 Oligohydramnios 34 Live birth 1418 <3 
19 34 46,XY — 0.58 1.13 Normal 38 Live birth 2050 <3 
20 34* 46,XY —2.16 0.07 Normal 35. Live birth 1808 <3 
21 34* 46,XY — 0.63 -0.35 Oligohydramnios 38 Live birth 2155 <3 
22 35* 46,XY — 3.04 — 1.08 Oligohydramnios 35 Live birth 1358 <3 
23 35 47,XY, +21 —1.52 0.10 Normal 36 Intrauterine 1700 <3 
death 
24 36* 47,XX,+ 18 —-0.59 0.07 Reduced 37 Live birth 1450 <3 
25 37 46, XX — 0.94 2.14 Reduced 39 Live birth 1998 <3 
26 38* 46,XY —0.99 — 1.29 Oligohydramnios 39 Live birth 1786 <3 
27 38 46,XY — 0.60 — 0.50 Oligohydramnios 40 Live birth 2120 <3 


The birth weight percentile was calculated from the nomograms of Yudkin et al.” 
*Abnormal uterine artery Doppler ultrasonography. 


Results 
In the AGA fetuses HFUPR increased significantly 


the amniotic fluid volume was subjectively assessed by 
ultrasonography as being reduced, the criteria for ol- 


with gestation from a mean value of 4.5 ml/hr at 20 
weeks’ to 54 ml/hr at 40 weeks’ gestation (Fig. 1). The 
correlation was best described by the equation: 


logio (HFUPR + 1.5) = 
—0.177 + 0.048 x weeks’ gestation 
(r = 0.863, n = 101, p < 0.0001, SD = 0.197). 


The data on HFUPR, Po», karyotype, outcome, and 
birth weight of the 27 SGA fetuses are shown in Table 
I. The mean abdominal circumference was 5.4 (range, 
3.1 to 7.8) SDs below the normal mean for gestation. 
In all cases the fetal growth retardation was asym- 
metrical [mean head circumference/abdominal cir- 
cumference = 5.75 (range, 2.44 to 10,34) SDs above 
the normal mean for gestation]. Although in 20 cases 


igohydramnios were met in only 14 of the cases.’ In 16 
of these 27 highly preselected cases the Po, was >2 SDs 
below the normal mean for gestation. Three of the 
fetuses were chromosomally abnormal. All the fetuses 
were structurally normal including the three aneuploi- 
dies. Of the 27 pregnancies, 20 resulted in a live birth, 
2 were terminated electively (one fetus was triploid and 
the other was severely growth retarded and hypoxemic 
at 23 weeks’ gestation), and 5 resulted in an intrauterine 
death (one fetus was chromosomally abnormal and 4 
were severely growth retarded and hypoxemic and died 
1 to 6 weeks after cordocentesis). 

In the SGA fetuses the mean HFUPR was lower 
than that of the AGA fetuses (Fig. 1; mean differ- 
ence = 1.068, SEM = 0.287, t = 3.72, p <0.001). 
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Fig. 2. Relationship between fetal urine production rate (in 
SDs from normal mean for gestation) and fetal blood Po, (in 
SDs from normal mean for gestation) in 27 SGA fetuses (ab- 
normal karyotype, A and A; oligohydramnios, @ and A; non- 
oligohydramnios, © and A). 


Furthermore, there. were significant correlations be- 
tween AHFUPR and both APos (Fig. 2; r = 0.60, 
n = 27, p <0.001) and AAC (r = 0.59, n = 27, p 
<0.01). There was no significant correlation between 
APo, and AAC (r = 0.327). Multiple regression 
analysis showed that the combination of APo, and 
AAC explained 53.4% of the variance in AHFUPR 
[AHFUPR = 3.008 +0.681 (APo,) + 0.478 (AAC); 
residual SD = 1.061). 

Comparison between the oligohydramnios (n = 14) 
and nonoligohydramnios (n = 13) subgroups showed 
no significant difference in AHFUPR (mean differ- 
ence = 0.875, SEM = 0.560, ¢ = 1.56) or APO, (mean 
difference = 0.112, SEM = 0.39, ¢ = 0.29). 


Comment 


In AGA fetuses the HFUPR increases with gestation 
and the values are approximately double those re- 
ported in previous studies. The reason for this 
discrepancy is that the cycle length is shorter than 
the mean of 110 minutes reported by Campbell et al. 
and therefore in preceding studies fetal bladder 
measurements were made at insufficiently frequent 
intervals.” * 
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In SGA fetuses the HFUPR is significantly lower than 
that in AGA fetuses. Furthermore, there is a significant 
correlation between the decrease in urine production 
and the degree of fetal hypoxemia. We have previously 
shown that in hypoxemic SGA fetuses impedance to 
flow in the renal artery is increased." These data pro- 
vide further evidence that in fetal hypoxemia there is 
redistribution in blood flow with decrease in renal per- 
fusion and consequent decrease in HFUPR; this may 
eventually lead to fetal organ failure. Wladimiroff and 
Campbell" also showed lower HFUPR in SGA than in 
AGA fetuses, but found no correlation between ante- 
partum HFUPR and the incidence of fetal distress dur- 
ing labor or I-minute Apgar scores; however, the latter 
two events do not necessarily reflect antepartum fetal 
oxygenation. 

Kurjak examined 70 SGA fetuses and found the 
HFUPR to be below the 10th percentile of the normal 
in 59%, and below the 5th percentile in an additional 
33% of the cases. Those fetuses with the lowest urine 
production rate were also the most growth retarded. 
In our group of SGA fetuses, AHFUPR was signifi- 
cantly associated with both the degree of fetal smallness 
and fetal hypoxemia. This suggests that factors such as 
redistribution of blood flow, in addition to fetal size, 
must have caused the observed relative oliguria. In- 
deed, the fact that HFUPR and Po, are similarly cor- 
related in the group of chromosomally abnormal fe- 
tuses suggests that urine production reflects fetal ox- 
ygenation regardless of the primary pathology leading 
to intrauterine growth retardation. 

Amniotic fluid is predominantly a result of fetal urine 
production and is related to renal perfusion." Reduced 
amniotic fluid volume is associated with poor perinatal 
outcome.’ However, amniotic fluid volume is similar 
to biometric fetal measurement in that it reflects the 
chronic state of fetal well-being rather than the current 
state of fetal oxygenation.'® In view of this, the lack of 
a significant difference in Po, between the oligohy- 
dramnios and nonoligohydramnios groups is not sur- 
prising. Furthermore, in the evaluation of fetal well- 
being, the inability to accurately measure amniotic fluid 
volume has led to the adoption of the all or none qual- 
itative definition of oligohydramnios by the 1 cm rule.’ 
In contrast, measurement of HFUPR is quantitative, 
and is more likely to reflect the current state of fetal 
oxygenation. Its-value in the assessment of fetal well- 
being remains to be established. 
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Middle cerebral artery blood flow in normal and 


growth-retarded fetuses 
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Doppler ultrasonography of the middle cerebral artery was performed on 17 fetuses that were small for 
gestational age at the time of delivery. Results were compared with a group of 25 fetuses that had a 


normal weight for gestational age at the time of delivery. Despite a significant difference in fetal weight and 
systolic/diastolic ratio of the umbilical artery between the two groups, no difference was found in either the 
systolic/diastolic ratio or in the Pourcelot index of the middle cerebral artery. This may reflect a protective 

effect on the brain circulation in the small-for-gestational-age fetus. (AM J OBsTET GYNECOL 1990;162:391-6.) 


Key words: Duplex ultrasonography, normal/abnormal fetal growth 


Doppler ultrasonographic techniques have been used 
to follow up and manage pregnancies complicated by 
intrauterine growth retardation (IUGR),'* hyperten- 
sion," * diabetes mellitus, twin pregnancies,” * Rh iso- 
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immunization,’ and fetal malformations. With the use 
of either continuous-wave Doppler technique or pulsed 
Doppler technique, blood flow in the umbilical artery 
was evaluated. Recently, combined two-dimensional 
real-time and pulsed Doppler systems have opened the 
possibility of studying fetal cerebral blood flow in nor- 
mal and complicated pregnancies." 

The purpose of this study was to assess middle ce- 
rebral artery waveform with Duplex ultrasonography 
in normal pregnancies and in pregnancies complicated 
with small-for-gestational-age (SGA) fetuses. We hy- 
pothesized that in fetuses with IUGR, blood flow to the 
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Fig. 1. Diagrammatic representation of middle cerebral artery and placement of Doppler sample. 


middle cerebral artery might be different from that in 
the group of normal fetuses. , 


Material and methods 
A total of 42 fetuses were studied in the third trimes- 


ter of pregnancy, (38 pregnancies, of which there were _ 


four sets of twins). Patients receiving routine antenatal 
care or undergoing ultrasonography because of sus- 
pected IUGR were recruited. All patients had an ul- 
trasonographic examination performed in our unit at 
MacDonald Hospital for Women, Cleveland, Ohio. In- 


formed consent, approved by the Institutional Review - 


Board of University Hospitals of Cleveland, was ob- 
tained. The managing physicians were not made aware 
of the results of the. umbilical artery and middle ce- 
rebral artery Doppler study. All patients were followed 
up to term. Of the 42 fetuses studied, 25 infants had 
birth weights appropriate for gestational age (AGA) 
and 17 infants were small for gestational age (SGA) 
with birth weights <2 SD for gestational age.'’ Three 
sets of twins were in the AGA group and one set of 
twins was in the SGA group. None of the infants had 
gross fetal anomalies or obvious chromosome abnor- 
malities. 

Of the 17 pregnancies with SGA fetuses, one mother 
had preeclampsia, one had systemic lupus erythema- 
tosus, and one had used cocaine early during her preg- 
nancy. The rest of the patients did not have medical 
complications. Of the 17 SGA fetuses, two had typical 
variable decelerations and one had a nonreactive pos- 
itive stress test, whereas the remaining fetuses had ei- 
ther early decelerations or a normal tracing during la- 


bor. Five of these patients (5/16 pregnancies), had a 
cesarean section because of malpresentation or failure 


` to progress in labor. The 1- and 5-minute Apgar scores 


were 27, Three infants were transferred to the neo- 
natal intensive care unit (NICU) for further evaluation. 
They all had a good short-term outcome and were dis- 
charged from the NICU shortly thereafter. 

Of the 22 pregnancies with AGA fetuses, five mothers 
had chronic hypertension, one had systemic lupus ery- 
thematosus, one had a low serum a-fetoprotein level 
with normal ultrasonography and one was a drug abu- 
ser. Vaginal delivery was accomplished in 16 of 22 pa- 
tients. Six (6/22) patients went to operative delivery 
because of malpresentation or failure to progress in 
labor. Four fetuses had typical variables during labor, 
whereas the other 21 fetuses had normal heart patterns 
during labor. Five infants had a low Apgar score at 1 
minute (i.e, <7); however, the 5-minute scores were 
>7 except for one infant. Four infants went to the 
NICU for a brief period of observation but were dis- 
charged soon after (two had the presumptive diagnosis 
of meconium aspiration and two had work-up for pre- 
sumptive infection). : 

Ultrasonographic studies. All patients had a routine 
obstetric ultrasonography examination. Gestational age 
was determined with a crown-rump length obtained 
during the first trimester or with the average of the 
biparietal diameter, femur length, or abdominal cir- 
cumference obtained at the time of the study. A 3 or 
5 MHz transducer with a 3 to 7 cm focal zone (Ad- 
vanced Technology Laboratory, Bothell, Wash.) was 
used to obtain the pulsed range-gated Doppler signal 
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Fig. 2. Typical waveform of middle cerebral artery. S, Systolic; D, diastolic; X axis, paper speed set 


at 50 mm/sec; Y axis, velocity scale in cm/sec. 


from the umbilical artery and from the middle cerebral 
artery. Maximum power intensity in water (SPTA) was 
estimated to be 46 MW/m? (equal to the preenactment 
level set by the U.S. Food and Drug Administration). 
The power was further decreased to give 10% of the 
estimated maximum power (i.e., 4.6 MW/cm?). Expo- 
sure to Doppler ultrasonography was kept to a mini- 
mum estimated to be around 1- to 2-minute periods 
for the total examination. The sample volume size was 
kept at a minimum level to avoid interference from 
adjacent vessels. Wall filters were also set at a minimum 
value (i.e, 50 Hz) to obtain all echoes near the zero 
baseline during diastole. The velocity scale for the re- 
turning echoes was adjusted to give the largest wave- 
form display. All Doppler flow tracings were recorded 
on a strip chart set at a speed of 50 mm/sec. This speed 
was chosen because the slower speed of 25 mm/sec 
could not easily identify the lowest diastolic point of 
the curve and the speed of 100 mm/sec did not offer 
a significantly better resolution in marking that point. 
Three to six cardiac cycles were analyzed and averaged. 

Duplex examination 

Umbilical artery.The cord placental insertion was lo- 
calized. The pulsed Doppler sample was placed in the 
lumen of the umbilical artery and the waveforms were 
recorded on a strip-chart recorder set at a speed of 
50 mm/sec. All signals were obtained during apnea and 
during quiet fetal state. The Doppler signals were 
measured with the peak systolic (S) and the lowest di- 
astolic (D) velocities. 

Middle cerebral artery. A transverse cross-section image 
of the fetal cranium was obtained at the level of the 


thalami. The pulsation of the middle cerebral artery 
was identified in the sylvian fissure (Fig. 1). The Dopp- 
ler sample was placed in the lumen of the vessel to 
obtain the greatest audible signal and maximum fre- 
quency shift. Returning signals were recorded on a 
strip-chart recorder set at a speed of 50 mm/sec. At 
least three waveforms were analyzed and averaged. 
Mean systolic amplitude, and mean diastolic amplitude 
were measured relative to a velocity scale (Fig. 2). The 
Pourcelot index was calculated with the following for- 
mula: (S — D)/S."° 

Statistical analysis. Statistical analysis was performed 
with a nonpaired Student ¢ test with a p value <0.05 
used to reject the null hypothesis. Means and SDs are 
reported. 


Results 


Gestational age at the time of the study and at the 
time of delivery was similar in both groups of patients 
(Table I). Fetal weight at delivery was significantly lower 
in the SGA group (p < 0.007; Table I). 

Significant differences were not found in either the 
S/D ratio or in the Pourcelot index between the cerebral 
artery waveforms of both groups studied (Table I). The 
umbilical artery S/D ratio was significantly higher in 
the SGA group (p < 0.002; Table I). 


Comment 

We found that the S/D ratio and the Pourcelot index 
of the middle cerebral artery of the SGA infants were 
similar to those of a group of AGA infants. However, 
the S/D ratio of the umbilical artery was found to be 
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Table I. Demographic data and results of normal and intrauterine growth retarded fetuses 


na sea mye 


“No. of fetuses studied 25 17 — 
Gestational age at study (wk) 32.36 + 5.10 34.84 + 3.10 NS 
Gestational age at delivery (wk) 36.58 + 4.10 37.06 + 3.23 NS 
Fetal weight (gm) 2710.3 + 837.4 2055.3 + 550.1 <0.007 
Cerebral S/D ratio 5.11 + 2.2 6.23 + 3.4 NS 
Cerebral Pourcelot index 0.77 + 0.07 0.79 + 0.10 NS 
Umbilical S7D ratio 3.12 + 98 4.43 + 2.49 <0.002 











Results are expressed as means + SD. 


significantly higher among the SGA infants than that 
of AGA infants. 

Neither the S/D ratio nor the Pourcelot index is an 
absolute measurement of blood flow, but rather an in- 
dex of resistance. Use of such a ratio minimizes errors 
that result from placement of the probe. An elevated 
Pourcelot index would indicate low blood flow velocity 
and high resistance within that particular vessel. 

The presence of a normal S/D ratio and a normal 
Pourcelot index in the middle cerebral artery, together 
with a high S/D ratio in the umbilical artery in the 
growth-retarded fetuses, may reflect some degree of 
central protective effect for this particular vascular bed 
during a change in peripheral vascular resistance. None 
of the fetuses studied had evidence of acute hypoxia 
or acidemia as evidenced by the relatively good Apgar 
scores and perinatal course. Even though we did not 
have cord pH sampling data at the time of the Doppler 
sampling we believe that the present group of fetuses 
with IUGR was not acidotic. Thus it is not surprising 
not to find any difference in the middle cerebral vas- 
cular resistance in these fetuses. 

Another point needs to be mentioned that could ef- 
fect the above observation. We defined our two groups 
on the basis of normal versus abnormal birth weight. 
The IUGR group was indeed heterogenous in that it 
included some infants with classic uteroplacental in- 
sufficiency, whereas in other groups this was not the 
primary mechanism by which these infants were small 
for gestational age. Use of birth weight only to define 
IUGR raises the possibility that a given fetus may be 
SGA and not growth retarded, and vice versa. Ideally, 
the ponderal index or assessment of fat thickness dur- 
ing the neonatal assessment would be important indices 
to use to better define the two groups. 

Wladimiroff and Van Bel’ studied the flow velocity 
waveform of the internal carotid artery in fetuses that 
had IUGR as a result of uteroplacental insufficiency. 
In their group of IUGR fetuses, the end-diastolic blood 
flow velocity of this particular vascular bed was found 
to be elevated, resulting in a reduced Pourcelot index. 
The changes observed in the cerebral circulation were 
associated with a marked reduction in end-diastolic 


blood flow of the umbilical artery and the arcuate ar- 
teries. These authors concluded that this reflected a 
central vasodilatation in the presence of increased pe- 
ripheral vascular resistance and supported a “brain- 
sparing effect” of the fetal circulation in the IUGR 
fetuses. No mention of the metabolic status of these 
fetuses was documented. It was implied that the fetuses 
studied were hypoxic. Marsol et al." and Arabin et al." 
found similar findings with Doppler ultrasonography 
of the common carotid artery in IUGR fetuses, but no 
data were given with regard to the acid-base status of 
the fetuses studied. 

Wladimiroff,'* '" in subsequent publications on 
Doppler ultrasonography of the internal carotid artery, 
found that IUGR fetuses with structural or chromo- 
somal abnormalities have a normal pulsatility index, as 
compared with a group of IUGR fetuses that were small 
as a result of uteroplacental insufficiency. He concluded 
that this indicates absence of the brain-sparing effect 
in this particular group of affected fetuses. 

It is important to note that cerebral circulation and 
cerebral vessels are influenced by many factors includ- 
ing metabolic, neural, and most importantly, chemical 
regulation. Carbon dioxide and hydrogen ion strongly 
influence cerebral vascular resistance and therefore ce- 
rebral blood flow. Our findings differ from those of 
Wladimiroff, but are not irreconcilable. The magnitude 
of response to any of the factors mentioned above varies 
from one region of the brain to the other, causing re- 
distribution of flow from one region of the brain to the 
other.'* '° Furthermore, gestational age may change the 
response of the particular cerebral vessel studied.” 
Many of these factors may be involved in IUGR, be it 
hypercapnia, hypoxia, or acidosis. During fetal activity 
different parts of the brain can be associated with dif- 
ferent distribution of blood flow.” Thus it becomes im- 
portant to include a description of fetal activity during 
the Doppler sampling of the cerebral vessel. We care- 
fully analyzed the middle cerebral artery of fetuses dur- 
ing a quiet fetal period and during fetal apnea. The 
data reported in the present study and the data re- 
ported previously by Wladimiroff suggest that in the 
human fetus affected by asymmetric IUGR, despite an 
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increase in peripheral resistance as evidenced by an 
elevated S/D ratio of the umbilical artery, the cerebral 
blood flow velocity waveform does not show an increase 
in S/D ratio. This implies that at least in the present 
group of fetuses studied there is no change in vascular 
resistance in this particular vascular bed. 

Cerebral blood flow has a high degree of autoregu- 
lation. This means that cerebral circulation can vaso- 
dilate in the presence of decreased perfusion, or va- 
soconstrict in response to an increase in perfusion pres- 
sure. Thus cerebral blood flow is maintained relatively 
constant over a large range of blood pressure levels. 
Our findings are consistent with this physiologic prin- 
ciple. Even in the presence of an elevated S/D ratio in 
the umbilical circulation and theoretically in the sys- 
temic vascular resistance, the middle cerebral artery 
may still not show major change in its resistance. 

We conclude that in the group of IUGR fetuses stud- 
ied there is no significant change in the middle cerebral 
blood flow waveforms, compared with a group of nor- 
mal fetuses matched for gestational age. Limitation for 
the application of the S/D ratio and the Pourcelot index 
to the study of blood flow needs to be mentioned. These 
ratios assume that changes in resistance may selectively 
affect diastolic flows more than systolic flows, an as- 
sumption that may not be entirely true. 

In an article written by Mari et al.” on the same 
subjects, two further important points were made that 
need to be addressed as they are germaine to the pres- 
ent article. Identification of the vessel sampled by 
Doppler ultrasonography becomes essential, as these 
authors noted a significant difference in the pulsatility 
index among the main arterial branches of the circle 
of Willis. Great care was taken in our study to keep the 
Doppler sample in the lumen of the vessel going away 
from the circle of Willis and along the sylvian fissure. 
With the use of a high resolution transducer, the pul- 

. sation of the structure was seen during the time the 
signal was obtained. We are confident that the area 
sampled was the vessel going away from the circle of 
Willis and along the fissure. The second point raised 
by Mari et al. was that the pulsatility index was lower 
in the IUGR group, as compared with a group of nor- 
mal fetuses. Unfortunately, no data on the umbilical 
artery S/D ratio and no outcome on the IUGR fetuses 
were given in their study.” Thus, comparison of their 
results with ours becomes difficult. A more likely ex- 
planation for the difference may simply be that the two 
populations of IUGR fetuses were different in terms 
of the stage of growth retardation. The indexed flows 
used were different in the two studies. We used the 
Pourcelot index (i.e., the resistance index), whereas 
Mari et al. used the pulsatility index, which requires a 
digitization of the waveform to obtain the mean of the 
maximal frequencies. We thought that the Pourcelot 
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index was easier to calculate and less complicated than 
the pulsatility index. 

Further studies are needed to determine whether 
these ratios are similar for the cerebral fetal circulation. 
It is important to note that our study was a cross- 
sectional type of study, and as such cannot show a 
change of the circulation within that particular bed as 
the fetus becomes growth retarded. Furthermore, the 
gestational age at which our studies were performed 
may not have been appropriate to adequately illustrate 
a change within that particular circulation. Such con- 
cerns can only be addressed by prospective and lon- 
gitudinal studies. Last, the relatively good outcome of 
the fetuses studied may support the assumption that 
these fetuses were not compromised enough to reflect 
a change in the resistance of this particular vascular 
bed. 

Until the Doppler flow velocity waveform can be com- 
pared with invasive techniques for measurement of re- 
gional blood flow, Doppler flow of the cerebral vessels 
should remain an investigative tool. 


We acknowledge E. McBride for her support. 
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Severe symmetric intrauterine growth retardation associated 


with the topical use of triamcinolone 


Vern L. Katz, MD, John M. Thorp, Jr., MD, and Watson A. Bowes, Jr., MD 


Chapel Hill, North Carolina 


Triamcinolone acetonide, a fluorinated glucocorticoid, when given in large parenteral doses has produced 
structural anomalies and severe growth retardation in nonhuman primates. We present a case report of a 
gravid patient who applied 40 mg/day of triamcinolone cream because of atopic dermatitis from 12 to 29 
weeks’ gestation. The infant was symmetrically growth retarded, possibly from exposure to triamcinolone 
acetonide. There was no evidence of hypoxic, chromosomal, or infectious cause of the growth delay. (Am 


J OssteT GyNecot 1990;162:396-7.) 


Key words: Triamcinolone, intrauterine growth retardation 


Triamcinolone acetonide is a potent fluorinated glu- 
cocorticoid commonly used as a topical agent for a va- 
riety, of dermatologic conditions. Triamcinolone has 
caused structural defects, growth retardation, and 
stillbirth in nonhuman primates.” The following is 
a report of a pregnancy complicated by administra- 
tion of triamcinolone acetonide and severe growth re- 
tardation. 


Case report 


The pregnancy of a 28-year-old gravida 3, para 1, 
abortus | patient was complicated by atopic dermatitis. 
The dermatitis was a result of multiple allergens in- 
cluding food additives and preservatives. The patient’s 
previous term pregnancy was uncomplicated and re- 
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sulted in a vaginal delivery of a 3600 gm boy. During 
the index pregnancy, beginning at 12 weeks’ gestation, 
the patient applied 0.05% triamcinolone acetonide 
cream to her legs, abdomen, and extremities. She did 
not smoke, did not take other medications, and was 
always normotensive. The fundal height was consistent 
with dates until 29 weeks’ gestation. At that time the 
fundal height was 24 cm. An ultrasonographic exam- 
ination showed an anatomically normal fetus with di- 
mensions consistent with 24 weeks’ gestation. Amniotic 
fluid was decreased. Umbilical artery Doppler ultra- 
sonography did not show end-diastolic flow. Cordocen- 
tesis was performed and umbilical blood gas values 
were pH 7.39, Pco, 43, and Po, 32. Fetal karyotype 
was 46,XX. The medication history was reviewed and 
the triamcinolone was stopped. The patient’s daily dose 
was calculated and thought to be approximately 40 
mg/day. 

The patient was admitted for bed rest. Physical ex- 
amination on admission was remarkable only because 
of hyperpigmented eczematoid areas over the abdomen 
and extremities. Laboratory findings included normal 
liver and renal profiles, normal electrolytes and coag- 
ulation studies, negative results of the Veneral Disease 
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Research Laboratory test for syphilis and antinuclear 
antibody, white blood cell count of 7800 without eosin- 
ophilia, hemoglobin of 9.9 mg/dl, and platelet count 
` of 326,000. Maternal cytomegalovirus and toxoplas- 
mosis titers were both <1:8. There was no evidence of 
maternal adrenal suppression. Daily fetal heart rate 
monitoring was significant because of intermittent de- 
celerations not associated with contractions. After 7 
days, ultrasonography showed appropriate amniotic 
fluid volume and biophysical profile scores of 8 and 8. 
The patient was discharged home and bed rest was 
prescribed. 

One week later ultrasonography showed diminished 
amnitoic fluid and lack of growth since the first ultra- 
sonogram was obtained. Umbilical artery Doppler ul- 
trasonography again did not show end-diastolic flow. 
A primary cesarean delivery was performed. The pa- 
tient’s postpartum course was unremarkable. Maternal 
weight gain during the pregnancy was 8 kg; prepre- 
gancy weight was 56 kg. 

The 700 gm infant had Apgar scores of 6 and 9 at 
l and 5 minutes. The Dubowitz evaluation of 31 weeks’ 
gestation agreed with menstrual dates. The baby was 
small for gestational age but did not have anomalies, 
rashes, or organomegaly. Though intubated initially, 
the baby was breathing room air within 12 hours. In- 
tracranial ultrasonogram and roentgenogram of the 
chest were normal. Laboratoray evaluations included: 
hemoglobin, 14.1 mg/dl; white blood cell count, 4100; 
platelet count, 258,000; total immunoglobulin M <7 
mg/dl; negative cytomegalovirus and toxoplasmosis ti- 
ters. Viral cultures from the urine did not show growth. 
Electrolyte and coagulation profiles were normal. On 
day 14 the baby had necrotizing enterocolitis, which 
necessitated multiple enterostomies. Repeat necrotiz- 
ing enterocolitis and surgery 5 days later left the infant 
with 12 cm of intestine. Ten months after delivery the 
baby was alive but was on total parenteral nutrition. 


Comment 


The large amount of triamcinolone applied by this 
patient, 40 mg/day, is unusual. In addition, eczematoid. 
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skin allows for increased absorbtion. We speculate that 


triamcinolone exposure may have caused the growth 
retardation as our investigation of more common 
causes of growth delay failed to identify a source. 

Triamcinolone is one of the most teratogenic of the 
glucocorticoids, and is associated with skeletal, neural 
tube, visceral, and immunologic defects in nonhuman 
primates. * Hendrickx et al.' produced fetal growth 
delay of 30% to 40% in bonnet and rhesus monkeys 
with intramuscular triamcinolone. Intramuscular tri- 
amicinolone acetonide, 1 to 10 mg/kg, in pregnant rhe- 
sus monkeys led to decreased fetal lung volumes and 
smaller body weight.’ Extrapolations from animal stud- 
ies are often misleading because of the doses of med- 
ications used and routes of administration. However, 
the effects of 14 weeks of triamcinolone acetonide in 
this case are similar to the effects documented in animal 
studies.’ We caution against prolonged or excessive use 
of topical fluorinated steroids during pregnancy. 


Addendum 


Since our initial report, this patient was delivered of 
a healthy 1660 gm male infant at 34 weeks’ gestation 
(10% weight for gestational age). She did not use ste- 
roids during the pregnancy. While this represents mild 
growth delay, it is much less severe than that of the 
index pregnancy. 
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Fetal assessment based on fetal biophysical profile scoring 


III. Positive predictive accuracy of the very abnormal test (biophysical 


profile score = 0) 


F. A. Manning, MD, C. R. Harman, MD, I. Morrison, MB, and S. Menticoglou, MD 


Winnipeg, Manitoba, Canada 


The relationship between complete absence of all components of the fetal biophysical profile score 
(biophysical profile score = 0) and adverse perinatal outcome was examined. Twenty-nine of 28,655 
fetuses studied (0.092%) had a last biophysical profile score of 0; 48.3% of these perinates died (14 of 29 
fetuses), the majority of whom (11 of 14) were stillborn, with death occurring as early as 30 minutes to as 
long as 11 days after the last test. Three asphyxia-related neonatal deaths occurred despite aggressive 
and immediate intervention. All survivors exhibited at least one of the five discrete markers used to assess 
perinatal morbidity. The positive predictive accuracy of a biophysical profile score of 0, with mortality and 
morbidity used as end points, was 100%. These data indicate the very abnormal fetal biophysical profile 
score to be a perinatal emergency. (Am J Osstet GYNECOL 1990;162:398-402.) 


Key words: Fetal biophysical profile score, perinatal mortality, perinatal morbidity 


Accurate perinatal recognition of fetal risk remains 
a major challenge in modern perinatal medicine. Fetal 
biophysical scoring is a method of antepartum assess- 
ment that is based on a survey of five discrete bio- 
physical variables.' The method yields a range of results 
that may be useful not only in recognition of risk but 
in categorization of degree of risk. ‘The purpose of this 
study was to determine the perinatal outcome, as mea- 
sured by indices of morbidity and mortality, among 
fetuses whose last fetal biophysical profile was the most 
abnormal possible, that is, with absence of all of the 
variables of the scoring method. 


Method 


Fetal biophysical profile scoring is a method of an- 
tepartum fetal surveillance that is based on a survey of 
five discrete biophysical variables.’ By this method a 
score of 0, the most abnormal score possible, is achieved 
when, during an interval of at least 30 minutes of 
continuous dynamic ultrasonographic scanning, fetal 
flexor tone, as reflected by opening and closing of the 
fetal hand, is absent, no episodes of fetal breathing of 
at least 30 seconds’ duration are observed, fewer than 
three gross body movements are detected, and the 
vertical diameter of the maximal pocket of amniotic 
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fluid is <2 cm. These ultrasonographic observations 
must be followed by a continuous fetal heart rate mon- 
itor record of 40 minutes’ duration that reveals fewer 
than two accelerations of the fetal heart rate of at least 
15 beats/min above baseline and of at least 15 seconds’ 
duration (nonreactive nonstress test). 

Beginning in August 1979 the fetal biophysical pro- 
file scoring method was used almost exclusively to assess 
antepartum fetal risk at the University of Manitoba. 
For 103-month intervals (August 1979 to May 1988) all 
test results were reviewed and scores of 0 identified. 
For every case of a score of 0 the clinical records were 
obtained and reviewed in detail. 

Four discrete and one cumulative marker of perinatal 
morbidity were recorded. These were: 

1. Fetal distress in labor, as defined by the presence 
of periodic fetal heart rate decelerations, of which 
the pattern, repetitive frequency, and magnitude 
prompted foreshortening of labor by operative 
intervention in the form of midforceps or cesar- 
ean section. 

2. Abnormal Apgar scores at 5 minutes, as defined 
by a score of <7 and as determined by an inde- 
pendent observer, either a neonatologist or an- 
esthetist and usually both. The incidence of a 
l-minute Apgar score <7 was also noted but 
not used in the definition of morbid perinatal 
outcome. 

3. Abnormal umbilical vein pH, as defined by a pH 
<7.20 in umbilical venous blood obtained at de- 
livery by a double-clamp technique. 

4, Admission to a neonatal intensive care unit, de- 
fined by admission for not <24 hours and for 


Volume 162 
Number 2 


Table I. Indication for referral for fetal 
assessment by biophysical profile score method 
in fetuses with a last score of 0 


No. of | % of total | Perinatal 
Indication for initial referral | cases cases deaths 





Pregnancy induced hyper- 9 31.1. 5 
tension 
Clinical suspicion of growth 9 31.1 3 
failure 
Diabetes 2 6.9 0 
Twins . 2 6.9 2 
Alloimmunization 2. 6.9 2 
Postdates (>42 wk) 2 6.9 0 
Antepartum hemorrhage I 3.4 l 
Maternal disease l 3.4 0 
Suspected anomaly =I 3.4 A 
TOTAL 29 14 





reasons either unrelated to or in addition to pre- 
maturity. The decision to admit a child to the neo- 
natal intensive care unit was the exclusive juris- 
diction of the neonatologist. 

5. A cumulative category of morbid perinatal out- 
come was defined as the presence of at least one 
of the four markers of perinatal morbidity. 

In addition, the incidence of intrauterine growth re- 
tardation recorded as defined by a birth weight equal 
to or less than the 3rd percentile for gestational age 
and sex from birth weight distribution curves derived 
from our population was recorded. In stillborn infants 
delivered >48 hours after death the diagnosis of in- 
trauterine growth retardation was assigned when an- 
tenatal ultrasonographic biometric data of the fetus, 
when alive, were less than the 3rd percentile. 

The incidence of intrauterine growth retardation is 
reported but was not used in calculation of morbid 
perinatal outcome. 

Perinatal mortality was defined as death of a perinate 
after the twentieth week of gestational age and up to 
and including the twenty-eighth day of neonatal life. 
Perinatal mortality was further subdivided by the time 
of death of the perinate (stillbirth or neonatal death) 
and by presumed cause of death. Corrected perinatal 
mortality was defined as a perinatal death of any cause 
other than lethal developmental anomaly. 

Recommended clinical management of the fetus with 
a score of 0 varied. In the singleton fetus judged by 
ultrasonography to be structurally normal, of sufficient 
age that extrauterine survival was possible, and for 
whom no form of intrauterine therapy existed, im- 
mediate delivery was always recommended. Conser- 
vative management was recommended for the grossly 
immature fetus and for multiple pregnancies in which 
the companion fetus had a normal score but was im- 
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Table II. Perinatal morbidity by select end 
point among 18 infants born alive and 


delivered because of a biophysical profile score 
of 0 









Perinatal morbidity No. of | total live 
end point births | Frequency* (%) 
Fetal distress 17 94.4 9.2 
Low-segment cesarean 13 72.2 6.8 
section—fetal distress 
5 min Apgar score <7 6 33.3 2.2 
Umbilical vein <7.20 5 35.77 L.l 
Intrauterine growth re- 15 83.34 2.2 
tardation 
Admission to neonatal 15 83.3 8 
intensive care unit 
Cumulative morbidity 18 100 9.1 
1 min Apgar score <7 1] 61.54 12.4 





*Among 6000 perinates with a normal last biophysical pro- 
file score. 


Calculated from 13 neonates with umbilical vein pH re- 
corded. 


Not used in calculation of cumulative morbidity. 


mature (<32 weeks). Intrauterine transfusion rather 
than delivery was recommended for the immature fetus 
with alloimmunization syndrome. In every instance the 
ultimate decision regarding management remained 
with the managing obstetrician. 


Results 


In the 106-month study period 70,614 biophysical 
profile score results were obtained among 29,958 
referred high-risk patients; 29 of these patients 
(0.0968%) had a last biophysical profile score of 0. The 
incidence of a score of 0 per total tests done was 0.041%. 
Detailed follow-up was available on all cases (follow-up 
100%). 

The principal indication for initial referral for fetal 
assessment varied among fetuses with a score of 0 
(Table I); pregnancy-induced hypertension (9 cases) 
and clinical suspicion of growth failure (9 cases) were 
the most common indications for referral. The mean 
gestational age at recognition of a score of 0 was 
31.5 + 3.7 weeks (range 26 to 43 weeks). The interval 
between last test and delivery (or fetal death) ranged 
from 30 minutes to 7 days (Table 11). There were three 
general patterns by which a biophysical profile score of 
0 was recorded. For the majority of fetuses (19 of 29, 
66%) a biophysical profile score of 0 was recorded at 
first assessment. In 10 fetuses the score deteriorated to 
0; 5 (17%) cases began with an equivocal score (6) and 
the other 5 cases began with a normal score (>8). A 
direct deterioration from a normal score to a score of 
0 without recorded intermediate scores was never ob- 
served in this series. 
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Table III. Perinatal death among 29 perinates with a last biophysical profile score of 0 














Interval, last test 
to death or. 
delivery 

















Birth 
weight (gm) 


Gestational 
age (wk) 


Time of 
death 






Patient Comment 








C.S 26 SB 7 days — IUGR; asphyxia 

V. B 26 SB 6 days — Twin; IUGR; asphyxia 

T.A 27 ~ SB 2 days - IUGR; asphyxia 

J-A 27 SB 1 day - Alloimmune hydrops 

J.S 28 SB 7 days - Twin; IUGR; asphyxia 

Jj. P. T. 28 SB 1 day - Alloimmune hydrops 

T. S. 28 SB 30 min 850 IUGR; asphyxia 

J. S. P. 30 SB 1 day - Anencephaly 

T.S 30 SB 1 day 1930 Omphalocele; trisomy 
13 

B.G 31 SB 2 days - Myelomeningocele; 

: i hydrocephalus 

J-E 33 SB 2 days - Short limb dystrophy 

E.K 29 NND 6 hr 750 NND day 7; IUGR; 

. asphyxia; RDS 

C. S. 32 NND 45 min 800 NND day 1; IUGR; 
cord pH 6.93 

L. M. 36 NND 2hr 2200 NND day 2; cord pH 


7.38; anuria; RDS 





SB, Stillbirth; NND, neonatal death; JUGR, intrauterine growth retardation; RDS, respiratory distress syndrome. 


Eighteen of the 29 perinates (62%) were born alive; 
all of these neonates had at least one abnormal marker 
of perinatal morbidity (cumulative perinatal morbidity 
100%) and most (77.7%) had at least two abnormal 
markers. In five of the 18 neonates (27.7%) all indices 
of perinatal morbidity were observed. In contrast, in 4 
of the 18 neonates (22.2%) only one abnormal marker 
was observed, of which three had fetal distress only and 
one had admission to the neonatal intensive care unit 
as the only index of morbidity. This latter neonate was 
born by spontaneous vaginal delivery near term with 
normal Apgar scores and normal umbilical venous pH; 
severe bilateral pneumonia developed within the first 
24 hours of life, but the infant survived. 

The frequency of observation of discrete indices of 
morbid outcome varied, ranging from as high as 94.4% 
for fetal distress (17 of 18 cases) to as low as 33.3% for 
a 5-minute Apgar score of <7 (Table II). These fre- 
quencies were significantly elevated when compared 
with results observed among fetuses delivered within a 
week of a normal score (biophysical profile score > 8). 
Four of the 29 perinates (13.8%) had major structural 
anomalies, recognized before delivery in each instance. 
This incidence of anomaly in fetuses with a biophysical 
profile score of 0 was significantly greater than the in- 
cidence observed among fetuses with a normal score 
before delivery (1.2%). 

There were 14 perinatal deaths recorded in 29 fe- 
tuses with a biophysical profile score of 0 (gross peri- 
natal mortality 48.3%), of which 10 occurred in the 
absence of major anomaly (corrected perinatal mor- 
tality 34%) (Table HI). Eleven of the deaths were an- 
tepartum stillbirths (79% of total deaths); four of them 


were associated with major anomaly, two with extreme 
prematurity, two with severe alloimmune hydrops, and, 
despite uneventful fetal intraperitoneal transfusion, 
two among twin pregnancy in which the companion 
twin was immature with a normal biophysical profile 
score score, and one stillbirth occurred during transit 
for delivery (test to death interval of 30 minutes). In 
six cases ending in stillbirth (four anomalous fetuses, 
two very immature fetuses) delivery was delayed, 
thereby permitting serial testing. From two to five re- 
peat tests were done in these fetuses at intervals of 1 
to 7 days; repeat test scores remained 0 and the max- 
imal interval between first test and death was 11 days. 

Three neonatal deaths were recorded, all among 
neonates without structural anomaly (corrected neo- 
natal death rate of 103 per 1000 live births) (Table III). 
All were delivered within 6 hours of the biophysical 
profile score of 0 and all deliveries were by cesarean 
section because of fetal distress. One infant weighing 
750 gm at 29 weeks was severely depressed at delivery 
(5-minute Apgar score of 5) and did not have umbilical 
vein pH recorded. The initial neonatal pH at 30 min- 
utes of age was 7.02, and the child died on the seventh 
day of life of hyaline membrane disease. One infant 
was delivered at 32 weeks’ gestation within 45 minutes 
of a score of 0; birth weight was 800 gm, cord pH 6.95, 
and 5-minute Apgar score 4. This infant could not be 
stabilized after delivery and died within 24 hours of 
asphyxial complications. The final infant was delivered 
at 36 weeks’ gestation within 2 hours of a score of 0 
with a birth weight of 2200 gm, an umbilical vein pH 
of 7.38, and a 5-minute Apgar score of 8. From the 
time of birth onward the infant showed signs of gross 
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central nervous system depression, apnea, and anuria 
and could not be adequately ventilated. The child died 
on the second neonatal day. At autopsy no structural 
anomalies were identified and death was attributed to 
severe perinatal asphyxia. 

One maternal death occurred in this series, the result 
of massive intracranial hemorrhage that was secondary 
to a ruptured berry aneurysm. The mother, at 31 weeks 
of gestation, had collapsed at home and was admitted 
in a comatose state; she was profoundly hypotensive 
with a severe respiratory acidosis. The initial fetal bio- 
physical profile score done 24 hours after admission 
was 0. Delivery was delayed pending maternal resus- 
citation and evaluation. Maternal condition continued 
to deteriorate and the fetal biophysical profile score 
done 48 hours later remained at 0. Labor was induced, 
and gross fetal distress prompted delivery by cesarean 
section. The neonate was severely depressed and aci- 
dotic at birth but survived; the mother died 7 days after 
admission. 


Comment 


This study was done to examine the relationship be- 
tween the very abnormal biophysical profile score (0) 
and adverse perinatal outcome. The data compiled in 
the 29 study cases indicate this relationship is strong 
indeed: more than 40% of the perinates died and none 
of those surviving to labor showed absence of signs of 
compromise. Almost two thirds of those born alive had 
low I-minute Apgar scores and a third or more had a 
low 5-minute Apgar score or umbilical vein acidosis or 
both. The majority of survivors (83%) had significant 
growth retardation and the majority of survivors (83%) 
required admission to a neonatal intensive care unit. 
This high positive predictive accuracy of the very ab- 
normal test is of some considerable clinical importance. 
On the basis of these observations we conclude that a 
biophysical profile score of 0 is a true perinatal emer- 
gency justifying intervention by delivery in all cases in 
which the prospect of extrauterine survival exists. 

Several aspects of this study warrant further com- 
ment. The clinical circumstances associated with a bio- 
physical profile score of 0 were quite varied. Clinical 
conditions known or suspected to be associated with 
impaired uteroplacental profusion such as intrauterine 
growth retardation and/or maternal hypertension, di- 
abetes, antepartum hemorrhage, and even maternal 


hypotension were the most common associated factors. ` 


In such cases it would seem reasonable to assume that 
the loss of acute central nervous system—regulated bio- 


physical variables (tone, movement, breathing, heart 


rate reactivity) and the oligohydramnios were fetal 
compensatory adaptations to a chronic progressive hy- 
poxemia and/or acidosis. A similar mechanism could 
account for the score of 0 observed among anomalous 
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fetuses since these fetuses died shortly after the finding. 
It is our experience, however, that most anomalous 
fetuses do not show absence of biophysical variables 
in utero. The occurrence of hypoxemia and acidemia 
with end-stage alloimmunization syndromes has been 
documented by percutaneous umbilical blood sampling 
in our clinical laboratory (Harman CR, Manning FA. 
Unpublished observations). In such fetuses the ultimate 
expression of hypoxemia would be further exaggerated 
by the reduced hemoglobin and the resuiltant reduced 
oxygen carrying capacity. In such fetuses one would 
expect that delivery of oxygen to vital tissues would be 
sharply reduced. Again, however, it is distinctly uncom- 
mon in our experience to see a total absence of bio- 
physical variables in the alloimmunized fetus. None-- 
theless, we have noted, in fetuses who are severely af- 
fected and who exhibit absence of biophysical variables, 
that the infusion of compatible blood by direct intra- 
venous line is associated with an almost immediate re- 
turn of short-term biophysical variables (Harman CR, 
Manning FA. Unpublished observations). 

Thus it seems that in the majority of fetuses studied 


the observation of a biophysical profile score of 0 may 


be viewed as a reflection of a final common pathway of 
adaptation to “in utero” asphyxial compromise. In two 
cases, however, the explanation is less easily applied. In 
one perinate born with a normal pH and 5-minute Ap- 
gar score, anuria persisted from birth despite gross and 
ultimate histologic demonstration of a normal genito- 
urinary tract; the fetus had major central nervous sys- 
tem depression that appeared within minutes of birth 
and progressed to irreversible coma. The child had per- 
sistent pulmonary hypertension; death occurred on the 
second neonatal day and was attributed, by pathologic 
autopsy examination, to perinatal asphyxia. At first, 
these observations appear incongruous with the final 
common pathway hypothesis. However, the sequential 
changes that may be possible in blood gas status and 
in acid-base status in the human fetus are only now 
beginning to be addressed. We have seen severe acido- 
sis in the alloimmunized fetus reversed after intravas- 
cular transfusion with recovery of normal biophysical 
variables (Harman CR, Manning FA. Unpublished ob- 
servations). -In the nonalloimmunized fetus D'Alton 
(D'Alton ME. Clinical experience with percutaneous 
umbilical blood sampling. Personal communication, 
1989) reported significant acidosis measured by a per- 
cutaneous umbilical blood sampling method in the um- 
bilical vein, which, when managed conservatively, was 
associated with delivery of an intact infant who no lon- 
ger had acidosis. It therefore remains a distinct possi- 
bility that transient asphyxial insults of sufficient mag- 
nitude to cause major fetal adaptive responses, at least 


as measured by biophysical variables surveyed, which: _ - 


then persist into the neonatal period and which-may- E 
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cause permanent damage to vital structures such as 
lung, kidney, and brain, may occur. Thus the insult may 
be transient and the effects long-standing. We hypoth- 

- esize that this isa reasonable explanation for the events 
that occurred in this particular infant and therefore do 
not exclude the possibility of the final common pathway 
hypothesis. The decision to deliver this child seems rea- 
sonable despite observation at delivery of normal cord 
gas values and Apgar score because of the uncertainty 
regarding the possibility of recurrence of the asphyxial 
insult at an equal or greater magnitude. Further, since 
the mortality rate with a biophysical profile score of 0 is 
so high (43%), conservative management of a 32-week 
fetus in the face of these findings would be very difficult 
to justify. The other case remains an enigma. This child 
was born in apparently good condition only to develop 
early-onset neonatal pneumonia. The rapidity of onset 
of the pneumonic process strongly suggests infection 
was present before delivery. How or why fetal infection 
would cause an absence of fetal biophysical variables is 
entirely speculative, but we note the association has 
been reported elsewhere.? 

Even if this final common pathway hypothesis is cor- 
rect, it cannot be the most common route to perinatal 
death or damage. The evidence to support this state- 
ment is clear and substantial. The incidence of the very 
abnormal test (0.092%) is far too low to account for 
most perinatal deaths; even given that every fetus with 
a biophysical profile score of 0 would have died if left 
untreated in this study, this population would only ac- 
count for 14% of the expected mortality among the 
entire population assigned to antepartum fetal assess- 
ment (28,666 patients; observed perinatal mortality 
rate 7.35 per 1000). Further, our reported clinical ex- 
perience indicates that most deaths that occur in a high- 
risk population are not associated with a score of 0.° 
Finally, we have had the unfortunate opportunity to 
observe more than a hundred fetuses in whom death 
was confirmed at the time of initial referral; many of 
these fetuses had normal amniotic fluid volume, and 
hence the worst possible score preceding death would 
have been 2. 

The interval betwen a biophysical profile score of 0 
and fetal death is of obvious clinical importance, reach- 
ing a zenith in consideration of the very immature fetus. 
Despite the large number of patients subjected to fetal 
assessment, we are left with a small number of patients 
who had a biophysical profile score of 0. Within this 
small population we recognize that the interval between 
observation of a score of 0 and fetal death could be as 
long as 11 days and could be as short as 30 minutes. 
The method will not permit differentiation of which 
fetus is likely to die immediately and which fetus may 
persist in a viable state in utero for some days. Ac- 
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cordingly, the thought that one might delay interven- 
tion in the immature fetus with a biophysical profile 
score of 0 in hopes of gaining further maturity would 
seem to be fraught with major difficulty. We have also 
wondered for some time whether there are any bio- 
physical signs that may be observed in the fetus indi- 
cating that there is no-prospect for subsequent survival. 
These data indicate that, provided a heart rate is pres- 
ent in the fetus, the range of outcome with a biophysical 
profile score of 0 can be wide indeed. Some fetuses 
died within 30 minutes of observation; others were de- 
livered and survived. Therefore the idea that one might 
avoid intervention in the presence of a score of 0, pred- 
icated on the belief that this outcome would be so dismal 
as to preclude any form of active intervention, cannot 
be supported by these data. 

In summary, we have observed a strong relationship 
between a biophysical profile score of 0 and adverse 
perinatal outcome and mortality. Accordingly, it is our 
practice to consider intervention in all instances in 
which this observation is made, provided there is a rea- 
sonable prospect for extrauterine survival. The study 
does not address the possibilities of an improvement in 


_the biophysical profile score with repeat or extended 


observations. It is known that biophysical variables reg- 
ulated by the central nervous system are subject to 
sleep-wake cycle distribution and that it is possible in 
the normal noncompromised fetus to have prolonged 
periods of absence of single biophysical variables such 
as breathing or movement.** Studies to date on pro- 
longed continuous observation of a fetus with a score 
of 0 are simply not available. It would seem important 
to address these issues in subsequent studies so as to 


` further refine the true positive accuracy of the testing 


method. 
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An evaluation of the efficacy of Doppler flow velocity 
waveform analysis as a screening test in pregnancy 


John P. Newnham, MD, Lyn L. Patterson, RN, Ian R. James, PhD, 


Dean A. Diepeveen, BSc, and Stanley E. Reid, MB, BS 


Perth, Australia 


In a prospective double-blind study of 535 medium-risk pregnancies, growth data obtained by 
ultrasonography and Doppler flow velocity waveform systolic to diastolic ratios were recorded at 18, 24, 
28, and 34 weeks’ gestation. A significant association was observed between uteroplacental systolic to 
diastolic ratios at 24 weeks’ gestation and subsequent fetal hypoxia with a sensitivity of 24.0% and a 
specificity of 93.9%. However, 70% of abnormal results were not followed by fetal hypoxia. Umbilical artery 
systolic to diastolic ratios at 24, 28, and 34 weeks’ gestation were found to be predictive of intrauterine 

_ growth retardation. This predictive capability was enhanced in those growth-retarded fetuses in which 
hypoxia developed, but was weak when umbilical artery systolic to diastolic ratios were evaluated as 
primary screening tests for fetal hypoxia. The results confirm a role for Doppler systolic to diastolic ratios in 
the evaluation of high-risk pregnancies but do not support a role for their use as primary screening tests in 
low-risk obstetric populations. (AM J Oestet Gynecot 1990;162:403-10.) 


Key words: Doppler ultrasonography, ultrasonographic diagnosis, fetal distress, fetal growth 


retardation 


Doppler flow velocity waveform analysis provides an 


estimation of resistance to placental blood flow and ab- ` 


normal values have been shown in several studies to be 
associated with intrauterine growth retardation (IUGR) 
and fetal hypoxia.'* Randomized controlled trials have 
shown a role for flow velocity waveform analysis in the 
prediction of those high-risk pregnancies that are likely 
to be complicated by intrapartum hypoxia’ and to assist 
in the evaluation of the pregnancies that are most likely 
to benefit from low-dose. aspirin therapy.® The patients 
who were enrolled in these latter studies had previously 
been identified as being at high risk of perinatal com- 
plications and most were recruited in the late phase of 
their pregnancies. 

Several authors have reported a certain ability of 
uteroplacental flow velocity waveform analysis at 18 or 
24 weeks’ gestation to predict perinatal complications 
at term,"’ thus suggesting a possible role for Doppler 
ultrasonographic studies as primary screening tests in 
pregnancy. However, the demands of a test used as a 
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screen for a general population differ markedly from 
those of a test applied to cases in which a risk of ab- 
normality has already been identified. Because the pre- 
dictive power of a test is influenced by the prevalence 
of the disease in the population under investigation, 
the possibility of disease in the presence of an abnormal 
test result will be less in an unselected population. 
Hence, the potential benefits of Doppler studies that 
have been identified in high-risk cases studied in the 
late phase of pregnancy may not necessarily apply if 
use of these tests is extended to populations with lower 
risk. Moreover, any potential for harm may be in- 
creased when such studies are performed in the early 
phase of pregnancy to predict complications at term 
gestation because many months of pregnancy ensue 
during which false-positive results may precipitate in- 
appropriate action. 

The purpose of this study was to investigate a possible 
role for Doppler ultrasonographic studies as primary 
screening tests in pregnancy by evaluating their ability 
to predict perinatal complications at various gestational 
ages. Flow velocity waveform analyses with continuous- 
wave Doppler systems with the use of signals obtained 


` from umbilical and uteroplacental arteries were used 


because these tests are the most simple and the least 
expensive," *° and hence are the most relevant for 
general obstetric practice. 


Methods 


Patients. Pregnant women attending the public an- 
tenatal clinics at King Edward Memorial Hospital for 
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Fig. 1. ROC curves of uteroplacental S/D ratios at 18 (closed triangles) and 24 (open triangles) weeks’ 
gestation, and of umbilical artery S/D ratios at 18 (open circles) and 24 (closed circles) weeks’ gestation 


in prediction of fetal hypoxia. 


Women, Perth, Western Australia, before 18 weeks’ ges- 
tation were invited to participate in this study. The 
hospital is the sole tertiary level perinatal center for the 
State of Western Australia. Approval to conduct the 
study was obtained from the Institutional Ethics Com- 
mittee and written consent was obtained from each 
woman. 

Ultrasonographic studies. Full ultrasonographic im- 
_ aging and Doppler flow velocity waveform analyses 
were performed at 18, 24, 28, and 34 weeks’ gestation. 
The gestational age was calculated from the menstrual 
history in those cases in which the date of the last men- 
strual period was known with certainty and in which 
the estimation by biparietal diameter measurement at 
18 weeks’ gestation did not differ >7 days. In all other 
cases the gestational age was estimated by biparietal 
diameter measurement at 18 weeks’ gestation.” When 
the study commenced, examinations were not per- 
formed at 24 weeks’ gestation because it had been an- 
ticipated that compliance may be a problem. However, 
a further examination at this time was included later 
when it became evident that recruitment and retention 
rates were satisfactory. 

All ultrasonographic studies were performed by ul- 
trasonologists who held the Australian Diploma of Di- 
agnostic Ultrasound and ultrasonographers who either 
held an Australian Diploma of Medical Ultrasound or 
were well advanced toward obtaining this qualification. 
The examinations were performed with the women in 
a supine position but with lateral tilt provided by a 
wedge under one hip. Ultrasonographic imaging stud- 


ies included measurement of the biparietal diameter, 
occipitofrontal diameter, and abdominal circumference 
together with an assessment of fetal anatomy and cal- 
culation of the estimated fetal weight." Doppler flow 
velocity waveform studies were performed with a spec- 
trum analyzer (Medasonics SP25A, Mountain View, 
Calif.) with a D10 bidirectional Doppler system. The 
ratio of peak systolic (S) to least diastolic (D) Doppler 
shift frequencies was calculated from waveforms ob- 
tained from an umbilical artery and from the utero- 
placental bed.” ®° These measurements were made with 
electronic calipers and were the mean of three consec- 
utive waveforms. The Doppler signals passed through 
a 280 Hz high-pass filter. This filter frequency level in 
the SP25A spectrum analyzer is fixed and cannot be 
altered. Measurements were not made during periods 
of fetal breathing or excessive fetal activity and 210 
stable consecutive waveforms were required before 
measurements were made. The origins of all wave- 
forms that appeared unusual or abnormal were con- 
firmed by pulsed-wave rarige-gated Doppler studies 
(Diasonics DRF 400, Milpitas, Calif.). Fetal and mater- 
nal heart rates were calculated from measurements of 
the average pulse intervals with electronic calipers. The 
audible signals from all waveforms were recorded. 
The results of the ultrasonographic imaging studies 
were made available to the women and the reports were 
placed in the hospital’s charts. However, the results of 
the Doppler studies were not revealed to the women 
or to their attending clinicians, although the women 
were free to see the waveforms on the color screen. 
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Fig. 2. ROC curves of fetal abdominal circumference measurements (triangles), estimated fetal weight 
(closed circles), umbilical artery S/D ratios (open circles), and fetal biparietal diameter measurements 
(squares) at 34 weeks’ gestation in prediction of IUGR. 


Assessment of pregnancy outcome. Maternal and 
neonatal characteristics were recorded from the hos- 
pital charts. The diagnosis of fetal hypoxia was deter- 
mined retrospectively by an. obstetrician who was not 
aware of the results of the Doppler studies; the criteria 
for this diagnosis were arbitrary and included a history 
of operative delivery in which the primary indication 
was a diagnosis of fetal hypoxia (in all cases this was 
based on cardiotocographic traces with or without scalp 
pH results), an umbilical artery pH <7.20, or a 5- 
minute Apgar score <7 and where this finding was 
thought by the attending clinicians to be a result of fetal 
hypoxia and not a result of difficulties encountered 
after birth. 

IUGR was defined as birth weight less than the 10th 
percentile with Western Australian birth weight charts, 
which account for maternal height, maternal parity, 
and fetal sex.” 

Pregnancies were classified as normal if the preg- 
nancy ended spontaneously between 38 and 42 weeks’ 
gestation, the birth weight was between the 10th and 
90th percentiles, there was no clinical evidence of fetal 
hypoxia on fetal heart rate monitoring, there was no 
meconium passage before birth, the 35-minute Apgar 
score was #7, and the newborn did not require ad- 
mission to the neonatal intensive care unit, was not 
treated for hypoglycemia, and did not have congenital 
abnormalities. 

All data were input into a computer immediately af- 
ter they were generated. No interim analyses were per- 
formed. 


Statistics. Reference ranges for ultrasonographic 
measurements were based on estimates of the actual 
highest and lowest 5% of values for normal pregnan- 
cies, with appropriate interpolation between values 
where necessary. This method of determination of the 
reference ranges was used because it provides robust- 
ness against the possibly incorrect assumption that the 


“data are normally distributed. 


Inasmuch as the principal aim of this study was to 
detect complications for which abnormal S/D ratios 
have predictive capability separately at each of the four 
times of measurement, statistical analyses were made 
on the basis of logistic regressions at each time point. 
These logistic regression analyses were included to pro- 
vide tests of association between measurements and 
outcomes before categorization by arbitrarily chosen 
reference ranges. Log S/D ratios were used in view of 
their skewed distributions and appropriate allowance 
was made for those values known only to exceed six. 
Additional analyses were performed for comparison 
with Cox rank regressions of S/D ratios on outcome 
categories, which incorporate the censored umbilical 
S/D values that exceed six.” Results in both cases were 
very similar. f 

The sensitivities and false-positive rates of ultrason- 
ographic measurements and S/D ratios were displayed 
by receiver operator characteristic (ROC) curves." 
These graphs present sensitivity (true-positive rate) 
plotted against the false-positive rate (1 — specificity). 
For each test, a curve is presented that displays the 
sensitivities and false-positive rates for the full range 
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Fig. 3. ROC curves at 34 weeks’ gestation of fetal abdominal ‘circumference measurements (open 
triangles) and umbilical artery S/D ratios (closed circles) in prediction of fetal hypoxia, and of fetal 
abdominal circumference measurements (closed triangles) and umbilical artery S/D ratios (open circles) 
in prediction of fetal hypoxia combined with IUGR. 


of possible cutoff points. The true-positive and false- 
positive rates for S/D ratios, biparietal diameter mea- 
surements, abdominal circumference measurements, 
and estimated fetal weights were calculated at intervals 
of 0.1, 0.5 mm, 4 mm, and 50 gm, respectively. Figs. 1 
to 3 display the ROC curves for each of these tests and 


show only the cutoff points at which changes in true- | 
positive and false-positive rates occurred. In Fig. 1, the 


curve for umbilical artery S/D ratios at 18 weeks’ ges- 
tation does not extend beyond the cutoff of six because 
of our inability to quantify ratios in excess of this value. 


Results 


Patients. Of 615 women who were invited to partic- 
ipate in this study, 94.5% provided written consent. A 
total of 33 women were excluded from the study at the 
time of their first ultrasonographic imaging examina- 
tion; the principal reasons for exclusion were gesta- 
tional age >20 weeks (12), multiple pregnancy (7), lan- 
guage difficulties (3), not pregnant (2), and major fetal 
abnormality (2). There were 13 women who were ex- 
cluded from the study because they had been delivered 
of infants outside Western Australia and the delivery 
details were incomplete. This leaves a total 535 preg- 
nancies available for analysis. 

The characteristics of the women, their pregnancies, 
and the neonates are displayed in Table J. Of those 
women not undergoing their first pregnancy, 35% had 
histories that included a preterm birth, IUGR or peri- 
natal death, one or more second-trimester abortions, 
or three or more first-trimester abortions. 


Pregnancy losses. Of the three pregnancy losses, one 
was a spontaneous abortion at 18.5 weeks’ gestation, 
one resulted from preterm labor at 23 weeks, and one 
fetus died from cytomegaloviral infection at 26 weeks’ 
gestation. The preceding S/D ratios from each of these 
pregnancies were within the normal range. 

Reference ranges. The 95th percentiles at 18, 24, 28, 
and 34 weeks’ gestation for umbilical artery S/D ratios 
in the pregnancies in this study with normal outcome 
(n = 271) were >6, >6, 4.88, and 3.91, respectively, 
and for uteroplacental S/D ratios were 2.18, 2.00, 2.00, 
and 1.89, respectively. The reference ranges for fetal 
abdominal circumference values were 226 mm and 288 
mm at 28 and 34 weeks’ gestation, respectively, which 
represent the 5th percentiles of the normal cases in this 
study. 

Second-trimester prediction of perinatal compli- 
cations. The diagnostic characteristics of Doppler S/D 
ratios at 18 and 24 weeks’ gestation for the prediction 
of fetal hypoxia are displayed graphically in Fig. 1 
and numerically in Table II. A significant correlation 
was observed between uteroplacental S/D ratios at 
24 weeks’ gestation and subsequent fetal hypoxia 
(p <0.001), with a sensitivity of 24.0% and a specificity 
of 93.9%. At 18 weeks’ gestation the sensitivity was less 
(9.8%) and statistical significance was not quite achieved 
(p = 0.055). Uteroplacental S/D ratios at these gesta- 
tional ages were not predictive of IUGR. Umbilical ar- 
tery S/D ratios at 18 and 24 weeks’ gestation were not 
significantly associated with subsequent fetal hypoxia 
but significant associations were observed at 24 weeks’ 
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gestation with subsequent IUGR (p = 0.023) and at 18 
weeks’ gestation with fetal hypoxia and growth retar- 
dation (p = 0.007). A total of 26% of all umbilical artery 
S/D ratios at 18 weeks’ gestation and 4% of umbilical 
artery S/D ratios at 24 weeks’ gestation were reported 
as >6, indicating that diastolic flow could not be imaged 
above the filter frequency level and the maximum sys- 
tolic Doppler shift frequency was at least sixfold the 
filter frequency level. 

Prediction of IUGR at 28 and 34 weeks’ gestation. 
The diagnostic characteristics of Doppler S/D ratios 
and fetal abdominal circumference measurements for 
the prediction of IUGR are displayed in Table II. Um- 
bilical artery S/D ratios were significantly associated 
with IUGR at 24 (p = 0.023), 28 (p = 0:003), and 34 
(p <0.001) weeks’ gestation. At 34 weeks’ gestation a 
sensitivity of 16.7% and a specificity of 95.1% were 
observed. Uteroplacental S/D ratios were less pre- 
dictive of IUGR and statistical significance was not 
achieved. Ultrasonographic measurement of fetal ab- 
dominal circumference was associated with IUGR when 
measured both at 28 (p <0.001) and 34 (p <0.001) 
weeks’ gestation. Comparison of the relative diagnostic 
capabilities at 34 weeks’ gestation of abdominal circum- 
ference measurement, biparietal diameter measure- 
ment, umbilical artery S/D ratios, and calculation of 
estimated fetal weight for the prediction of IUGR are 
displayed by ROC curves in Fig. 2. Measurement of 
fetal abdominal circumference and calculation of esti- 
mated fetal weight were comparable and superior to 
umbilical artery S/D ratios and measurement of bipa- 
rietal diameter when true-positive and false-positive 
rates are compared, 

Prediction of fetal hypoxia at 28 and 34 weeks’ ges- 
tation. The diagnostic characteristics of Doppler S/D 
ratios and fetal abdominal circumference measure- 
ments for the prediction of fetal hypoxia are displayed 
in Table II and Fig. 3. Umbilical artery S/D ratios at 
28 weeks’ gestation were not significantly associated 
with subsequent fetal hypoxia. At 34 weeks’ gestation, 
umbilical artery S/D ratios were significantly associa- 
ted with subsequent fetal hypoxia when tested by the 
Fisher exact test from the two-by-two contingency table 
(p = 0.02) but not when tested by logistic regression 
(p = 0.192). Uteroplacental S/D ratios at 28 and 34 
weeks’ gestation were not predictive of fetal hypoxia. 

__ For prediction at 34 weeks’ gestation of fetal hypoxia 

combined with growth retardation, both umbilical ar- 
tery S/D ratios and fetal abdominal circumference mea- 
surements were found to be sensitive and to have sim- 
ilar capabilities although the number of cases was small. 
Uteroplacental S/D ratios were associated with fetal 
hypoxia combined with IUGR when measured at 34 
weeks’ gestation only (p = 0.034). 

Prediction of other pregnancy complications. Sig- 
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Table I. Patient characteristics 


Characteristic 





Maternal 
Age (yr)* 26.0 (5.1) 
Marital status 
Married 374 
Single 128 
De facto 33 
Parity 
0 258 
l 153 
2 78 
3 24 
>3 22 
Antepartum hemorrhage 
Nil 497 
Abruptio placentae 3 
Placenta previa 4 
Unclassified 31 
Preeclamptic toxemia 
Nil 463 
Without proteinuria 37 
With proteinuria 35 
Admission for preterm 
labor 
No 492 
Yes 43 
Premature rupture of 
membranes 
Nil 445 
Preterm 18 
Term 65 
Postterm 7 
Neonatal 
Mortality 
Perinatal survivors 531 
Spontaneous abortion 1 (19 wk) 
Stillborn 2 (23,26 wk} 


Neonatal death 
Gestational age at birth 


1 (Potter’s syndrome) 


(wk) 
19 i l 
20-36 37 
237 497 
Birth weight 
>90th percentile 65 
10th-90th percentile 415 
<10th percentile 51 
Medical diagnosis of fetal 
hypoxia 
Nil 485 
Antepartum l 
Intrapartum 45 
5-minute Apgar score 
15 
=7 514 
Unknown 2 





*Data are mean (SD). 


nificant associations could not be found between um- 
bilical artery or uteroplacental S/D ratios at any of the 
four gestational ages and subsequent antepartum hem- 
orrhage, preeclamptic toxemia, preterm labor, or pre- 
mature rupture of the membranes. 

Adjustment for heart rate. No differences could be 
found in fetal heart rates between pregnancies with 
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Table II. The number of fetuses studied, prevalence, sensitivities, specificities, predictive values, and p 
values of ultrasonographic measurements for fetal hypoxia, IUGR, and the combination of fetal hypoxia 


and IUGR 





Gestational age at measurement (wh) 





Fetal hypoxia 
Umbilical artery S/D ratios 


No. 516 
_ Prevalence (%) 9.9 
Sensitivity (%) 25.5 
Specificity (%) 73.6 
Positive predictive power (%) 9.6. 
Negative predictive power (%) 90.0 
p Value 0.7 
Uteroplacental S/D ratios 
No. 501 
Prevalence (%) 10.2 
Sensitivity (%) 9.8 
Specificity (%) 95.3 
Positive predictive power (%) 19.2 
Negative predictive power (%) 90.3 
p Value 0.055 
Fetal abdominal circumference 
No. 


Prevalence (%) — 
Sensitivity (%) — 
Specificity (%) — 
Positive predictive power (%) — 
Negative predictive power (%) — 


p Value 
IUGR i 

Umbilical artery S/D ratios 
No. 518 
Prevalence (%) 9.8 
Sensitivity (%) 29.4 
Specificity (%) 73.9 
Positive predictive power (%) 11.0 
Negative predictive power (%) 90.6 
p Value 0.19 

Uteroplacental S/D ratios 
No. 501 
Prevalence (%) 9.8 
Sensitivity (%) 6.1 
Specificity (%) 95.4 
Positive predictive power (%) 12.5 
Negative predictive power (%) 90.4 
p Value 0.87 

Fetal abdominal circumference 
No. — 


Prevalence (%) a 
Sensitivity (%) _ 
Specificity (%) = 
Positive predictive power (%) — 
Negative predictive power (%) — 
p Value ` _ 


267 469 443 
9.4 9.2 8.8 
8.0 11.6 15.4 
95.9 94.8 95.1 
16.7 18.5 23.1 
91.0 91.4 92.1 
0.46 0.7 0.192 
253 458 430 
9.9 8.9 8.8 
24.0 2.4 2.6 
93.9 95.4 95.4 
30.0 5.0 5.3 
91.9 90.1 91.0 
<0.001 0.44 0.70 
= 474 449 
= 9.3 9.1 
— 9.1 17.1 
= 94.2 91.2 
= 13.8 16.3 
= 91.0 91.6 
= 0.39 0.087 
268 470 445 
7.1 9.1 8.1 
10.5 18.6 16.7 
96.0 95.6 95.1 
16.7 29.6 23.1 
93.4 92.1 92.8 
0.023 0.003 <0.001 
254 459 432 
7.1 9.6 8.1 
5.6 6.8 8.6 
915 ~ 95.9 96.0 
4.8 15.0 15.8 
92.7 11.7 92.3 
0.68 0.88 0.44 
= 476 451 
es 9.2 8.2 
= 27.3 48.7 
= 96.1 94.0 
= 414 41.9 
= 92.8 95.3 
= <0.001 <0.001 








normal outcomes and pregnancies in which perinatal 
complications were destined to develop, and adjust- 
ment of S/D ratios to account for fetal heart rates did 
not alter the predictive capabilities of these tests.’ 


Comment 


One of the principal aims of this study was to inves- 
tigate the hypothesis that Doppler waveform S/D ratios 
in the second trimester can be used as screening tests 





to predict perinatal complications. The results of this 
study have confirmed that S/D ratios in pregnancies 
complicated by IUGR and fetal hypoxia may be ab- 
normal from as early as 18 weeks’ gestation. Statistically 
significant associations were observed that indicate 
an ability at 24 weeks’ gestation of uteroplacental 
S/D ratios to predict fetal hypoxia and of umbilical 
artery S/D ratios to predict IUGR. However, more than 
just a statistical association between abnormal results 
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Table I1—Cont'd 









Fetal hypoxia and IUGR 
Umbilical artery S/D ratios 


No. 513 
Prevalence (%) 1.6 
Sensitivity (%) 62.5 
Specificity (%) 74.1 
Positive predictive power (%) 3.7 
Negative predictive power (%) 99.2 
p Value 0.007 
Uteroplacental S/D ratios 
No. 496 
Prevalence (%) 1.6 
Sensitivity (%) 12.5 
Specificity (%) 95.3 
Positive predictive power (%) 4.2 
Negative predictive power (%) 98.5 
p Value 0.47 
Fetal abdominal circumference 
No. — 


Prevalence (%) — 
Sensitivity (%) — 
Specificity (%) — 
Positive predictive power (%) -a 
Negative predictive power (%) — 
p Value : — 


and poor outcome is required before 2 diagnostic test 
qualifies for routine clinical practice. Of particular im- 
portance is the risk of false-positive results that must 
be weighed against the potential benefits of early di- 
agnosis when S/D ratios are used as screening tests in 
a general obstetric population. For uteroplacental S/D 
ratios at 24 weeks’ gestation, the hopes provided by a 
sensitivity of 24.0% and a specificity of 93.9% were 
diminished to some extent by the observation that 70% 
of abnormal results were not followed by fetal hypoxia. 
Similarly, when umbilical artery S/D ratios were eval- 
uated as predictors at 24 weeks’ gestation of subsequent 
IUGR, 83% of abnormal results were followed by nor- 
mal fetal growth. Because the predictive power of a test 
is influenced by the prevalence of the disease, the pos- 
itive predictive power would be greater in a population 
at higher risk, but even less if S/D ratios were used as 
primary screening tests in a lower risk population. 
When one considers the harm that may be caused by 
incorrect prediction at 18 or 24 weeks’ gestation of fetal 
hypoxia or JUGR at term, the limitations of prediction 
by S/D ratios at these early stages of pregnancy prob- 
ably outweigh their benefits in a low-risk population 
but may prove to be of use in cases in which an increased 
fetal risk has already been identified on other grounds. 

The potential of umbilical artery S/D ratios at 18 
weeks’ gestation to predict perinatal complications was 
hindered by the technical limitations of this method of 
waveform analysis. Of all ratios at 18 weeks’ gestation, 
26% were recorded as greater than six, indicating that 
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Gestational age at measurement (wk) 





266 468 442 
0.8 if 1.6 
— 62.5 57.1 
96.2 95.2 94.9 
16.7 18.5 15.4 
— 99.3 99.3 
— <0.001 <0.001 
252 457 429 
0.8 1.7 1.6 
— 12.5 14.3 
92.0 95.8 95.7 
— 5.0 5.3 
99.1 98.4 98.5 
— 0.5 0.034 
— 473 448 
— 1.7 1.6 
— 50 57.1 
— 94.6 91.1 
— 13.8 9.3 
— 99.1 99.2 
— <0.001 <0.001 


diastolic fiow did not exceed the filter frequency level. 
Because umbilical artery S/D ratios at 18 weeks’ ges- 
tation were observed to have a 62% sensitivity for the 
prediction of fetal hypoxia when this occurred in 
growth-retarded fetuses, further research is warranted 
with spectrum analyzers with adjustable filter frequency 
levels or other ċomputer-generated methods of wave- 
form analysis iri an effort to reduce the rate of false- 
positive results.’ 

As a possible test for screening large obstetric pop- 
ulations, Doppler waveform analysis has considerable 
appeal because the equipment is relatively inexpensive 
and requires minimal operating time. In contrast, ab- 
dominal circumference measurement is a more com- 
plex evaluation that is not as readily applicable as a 
screening test. A major aim of this study was to evaluate 
the relative capabilities of Doppler S/D ratios and ul- 
trasonographic biometry at 28 and 34 weeks’ gestation 
to predict IUGR. This comparison indicated that fetal 
abdominal circumference measurement and calcula- 
tion of estimated fetal weight were superior to Doppler 
S/D ratios for the prediction of birth weight less than 
the 10th percentile. However, IUGR is more an obser- 
vation than a diagnosis. A proportion of fetuses clas- 
sified as growth retarded do not have a disease ai all, 
but merely are small as a result of normal genetic fac- 
tors. Umbilical artery S/D ratios at 28 and 34 weeks’ 
gestation had an impressive sensitivity for the predic- 
tion of those growth-retarded fetuses that were des- 
tined to develop fetal hypoxia, although the number 
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of such cases in this study was small. When these data 
are combined with those available in the literature, it 
-would appear that Doppler studies may have a valuable 
role in the differentiation of those growth-retarded fe- 
tuses that are at risk of perinatal complications from 
those that may require less intensive perinatal surveil- 
lance.? ; 
Umbilical artery and uteroplacental S/D ratios at 28 
and 34 weeks’ gestation were of little use when evalu- 
ated as primary screening tests for fetal hypoxia. More- 
over, significant correlations could not be found be- 
tween elevated S/D ratios and subsequent antepartum 
hemorrhage, preeclamptic toxemia, preterm labor, or 
premature rupture of the membranes. At least for um- 
bilical artery S/D ratios, it would appear that abnormal 
results are associated principally with pathologic retar- 
dation of fetal growth, rather than with other obstetric 
complications that may accompany this disorder. 

. The demands for thorough evaluation of new di- 
agnostic tests are greater now than they may have been 
in the past.” " Suitable evaluation includes first, inves- 
tigation of the characteristics of the diagnostic test in 
prospective double-blind studies, then randomized 
controlled trials of rigorous design and of adequate 
sample size to investigate not only the potential benefits 
of the test but also any harmful effects. Doppler wave- 
form analysis has been shown in randomized controlled 
trials to be of value in influencing obstetric manage- 
ment so that fetuses at risk of intrapartum hypoxia may 
be identified before labor,’ and to define those preg- 
nancies in which low-dose aspirin therapy may be of 
value.® However, ‘these studies have been limited to 
pregnancies that have been identified by other means 
of being at high risk of perinatal complications. In view 
of the potential for false-positive results that has been 
shown in the present study, the possibility of harmful 
effects if S/D ratios are used as screening tests in pop- 
ulations at lower risk warrants consideration; possible 
harmful effects would include unnecessary interven- 
tion on the basis of unfounded fear of fetal ill health, 
an increase in costs through the extra use of other tests 
such as fetal heart rate monitoring, and an increase in 
anxiety both in the mother and the attending clinicians. 
Further randomized controlled trials of adequate sam- 
ple size are required to evaluate both the potential ben- 
efits and harmful effects of Doppler waveform analysis 
before this test should be considered for use in general 
obstetric populations. The results of the present study 
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indicate that the value of Doppler S/D ratios in obstetric 
practice is unlikely to result from their routine use as 
primary screening tests in low-risk populations. 
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Reevaluation of the role of culdocentesis in the management of 


ectopic pregnancy 


Michael Vermesh, MD, Jacek W. Graczykowski, MD, and Mark V. Sauer, MD 


Los Angeles, California 


Culdocentesis has been used routinely in the evaluation of ectopic pregnancy. To determine whether 
culdocentesis continues to play an important role, we reviewed the operative findings of 297 women 
undergoing an operative procedure because of ectopic pregnancy. Culdocentesis was performed before 
surgery in 252 cases. Of those, 210 (83%) Fad positive test results and 42 (17%) had negative results. 
Positive results accurately predicted a ruptured ectopic pregnancy in 50% of cases, whereas negative 
test results were predictive of an unruptured ectopic pregnancy in 58% of cases. Six patients without an 
ectopic pregnancy underwent unnecessary laparotomy because of positive culdocentesis test results, 
whereas 27 patients who were discharged from the emergency room after negative test results were 
obtained subsequently were found to have ectopic pregnancies. The results of this study imply that 
culdocentesis is of limited value in a clinical setting in which sensitive and rapid testing and pelvic 


ultrasonography are used. (AM J OssteT Gynecot 1990;162:411-3.). 
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Culdocentesis has been considered an important di- 
agnostic test in the evaluation of ectopic pregnancy.“ 
Formerly, diagnosis was chiefly made on the basis of 
subjective complaints. Hemoperitoneum ascertained by 
culdocentesis became an indication for exploratory lap- 
arotomy. Negative test results usually warranted a more 
conservative approach to therapy. However, recent de- 
velopments in both diagnostic and treatment modalities 
require reevaluation of the role of culdocentesis. Rapid, 
noninvasive techniques such as sensitive pregnancy as- 
says and vaginal ultrasonography have further expe- 
dited diagnosis.°* Likewise, laparoscopy has evolved 
from merely a diagnostic tool into a well-established 
approach in the treatment of ectopic pregnancy.® ° 

Despite widespread availability of diagnostic assays 
and imaging techniques, culdocentesis continues to be 
routinely used in many centers including our own. 
Herein, we reviewed the operative findings in relation 
to culdocentesis results to determine whether culdo- 
centesis continues to play an integral role in the man- 
agement of ectopic pregnancy. l 


Material and methods 


The study population included all women who un- 
derwent surgery for presumed ectopic pregnancy at 
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Women’s Hospital, Los Angeles County/ University of 
Southern California Medical Center, during the period 
between January 1 and December 31, 1987. The pre- 
operative diagnosis for ectopic pregnancy was made in 
the emergency room on the basis of history, clinical 
presentation, and physical examination. A urine preg- 
nancy test (Icon, Hybritech, Inc., San Diego, Calif.), 
vaginal ultrasonography (ATL/ADR, Bothell, Wash.), 
and culdocentesis were performed in most cases. 

Culdocentesis is routinely used at Women’s Hospital 
in the evaluation of patients in whom ectopic pregnancy 
is suspected. The procedure is performed in the fol- 
lowing manner: (1) the patient is placed in the dorsal 
lithotomy position; (2) a bivalve vaginal speculum is 
inserted, and the posterior vaginal fornix is cleansed 
with an antiseptic solution; (3) the posterior lip of the 
cervix is grasped with a single-toothed tenaculum; (4) 
the cul-de-sac is punctured with an 18 gauge spinal 
needle, attached to a 20 ml syringe, and suction is ap- 
plied. When obtained, blood is observed for clotting. 
Nonclotting blood is centrifuged and the hematocrit is 
measured. The culdocentesis is interpreted as nondi- 
agnostic when no fluid is obtained (dry tap). If the 
aspirate clots or the hematocrit is <15% the test is con- 
sidered negative. The test is positive if the hematocrit 
is >15%. Because patients with nondiagnostic and neg- 
ative test results were managed similarly, patients 
within the two groups were combined. 

Patients whose culdocentesis is interpreted as nega- 
tive usually are discharged home and followed up with 
serial measurement of serum B—human chorionic go- 
nadotropin levels. Occasionally, patients with a negative 
culdocentesis undergo surgery because clinical or ul- 
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Table I. Intraoperative findings in relation to culdocentesis 







Culdocentesis 


Hemoperitoneum 181 86 
Ruptured ectopic 96 46 
Unruptured ectopic 95 45 
No ectopic 19 9 
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Negative 


25* 60 206 82 
13 31 109 43 
18 43 113 45 
11 26 30 12 





*Six of 25 were nondiagnostic (dry) taps. 


trasonographic findings are highly suggestive of ectopic 
pregnancy. Patients with a positive culdocentesis un- 
dergo either laparoscopy or laparotomy in all cases. 

At surgery the presence or absence of hemoperito- 
neum was verified and the operative diagnosis was re- 
corded. The intraoperative findings were analyzed in 
relation to the information obtained by prior culdo- 
centesis. Differences between groups were analyzed 
with the x? test. 


Results 


A total of 297 patients underwent an operative pro- 
cedure with a preoperative diagnosis of ectopic preg- 
nancy. Culdocentesis was performed before surgery in 
252 (85%) cases. In the remaining 45 patients culdo- 
centesis was omitted because either the diagnosis of 
ectopic pregnancy was unequivocal or the patient was 
hemodynamically unstable. 

Of 252 patients undergoing culdocentesis, 210 (83%) 
had positive test results, and 42 (17%) had negative 
results. Intraoperative findings in relation to test results 
are summarized in Table I. 

Intraoperatively, hemoperitoneum was found in 86% 
of patients with a positive culdocentesis and in 60% of 
patients with negative test results. This difference was 
significant (p < 0.01). The sensitivity of culdocentesis 
in regard to the presence of hemoperitoneum was 88%, 
and the predictive value of positive test results was 86%. 
The specificity and negative predictive value could not 
be accurately determined because most patients with a 
negative culdocentesis were discharged and lost to 
follow-up. i 

Ectopic pregnancy was diagnosed intraoperatively in 
91% of patients with a positive culdocentesis and 76% 
with a negative culdocentesis (p < 0.01). The sensitivity 
and positive predictive value of this test in the diagnosis 
of ectopic pregnancy were 86% and 91%, respectively. 
Specificity and negative predictive value could not be 
analyzed with accuracy because many patients with neg- 
ative test results did not undergo surgery and therefore 
were not included in analysis. 

When comparing test results with intraoperative 
findings it is noteworthy that no significant difference 
exists in the ratio of ruptured versus unruptured ec- 


topic pregnancies in patients who tested positive (96 
versus 95 patients) and those with a negative culdocen- 
tesis (13 versus 18 patients). A positive culdocentesis 
accurately predicted a ruptured ectopic pregnancy in 
50% of cases, whereas negative test results were pre- 
dictive of unruptured ectopic pregnancies in 58% of 
cases. 

It is of interest that six patients without demonstrable 
intraoperative pathology underwent unnecessary lap- 
arotomy because of a positive culdocentesis. Further- 
more, 27 patients discharged from the emergency 
room after a negative culdocentesis subsequently were 
found to have an ectopic pregnancy. 


Comment 


In this study as in previous reports,” '' a positive cul- 
docentesis was highly predictive of hemoperitoneum 
and ectopic pregnancy. However, these results should 
be evaluated in the context of other diagnostic methods. 
Weckstein et al. found that a urine pregnancy test with . 
a sensitivity of 2000 mIU/ml was a poor predictor of 
tubal pregnancy. In their study, a serum pregnancy test 
with a sensitivity of 200 mIU/ml detected all cases of 
ectopic pregnancy. The combination of serum preg- 
nancy test and ultrasonography was predictive of ec- 
topic pregnancy in all cases and of nonectopic preg- 
nancy in 94 % of cases. The combination of information 
gained from pelvic ultrasonography and serum preg- 
nancy tests proved more helpful in the diagnosis of 
ectopic pregnancy than that obtained from culdocen- 
tesis alone. Furthermore, the specificity of culdocentesis 
was lower when information from either pelvic ultraso- 
nography or serum pregnancy test was added. The 
authors concluded that culdocentesis, although helpful 
in the diagnosis of hemoperitoneum, appeared to be 
misleading in a significant number of patients. Kim 
et al.’ arrived at the same conclusion after reviewing 
the diagnostic accuracy of various methods. Use of a 
urine pregnancy test with low sensitivity (100 mIU/ml) 
resulted in poor prediction. However, the combination 
of serum B—human chorionic gonadotropin testing and 
ultrasonography produced a 99% positive predictive 
value and revealed a higher degree of accuracy than 
any other single test. 
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Our lack of correlation between tubal status and cul- 
docentesis confirms previous reports! '' that showed 
culdocentesis to be of little value beyond the diagnosis 
of hemoperitoneum. A negative or nondiagnostic tap 
does not exclude the possibility of tubal rupture and 
should not provide the clinician with a false sense of 
security. In contradistinction, a positive tap does not 
imply tubal rupture and should not constitute an excuse 
for emergency laparotomy in hemodynamically stable 
patients. 

_ The data imply that culdocentesis, a painful and in- 
vasive procedure, may have little value in a clinical set- 
ting in which sensitive and rapid pregnancy testing and 
pelvic ultrasonography are used. When ruptured and 
actively bleeding ectopic pregnancy is first seen as an 
acute surgical emergency, very little additional infor- 
mation can be gained from a culdocentesis, yet precious 
time may be lost. Asymptomatic patients, in whom the 


diagnosis is not established by noninvasive methods, . 


may be followed-up with serial measurement of serum 
B—human chorionic gonadotropin and vaginal ultra- 
sonography. Normal pregnancies can be imaged by new 
high-frequency vaginal transducers as early as 35 days 
from the last menstrual period when serum B—human 
chorionic gonadotropin is about 1400 mIU/ml. Symp- 
tomatic but stable patients in whom ectopic pregnancy 
has not been ruled out by means of pregnancy testing 
and ultrasonography, are best managed by laparoscopy 
rather than a decision made on the basis of culdocen- 
tesis. i f 

Laparoscopy has the highest positive predictive value 
as a single test,’ and contributes more than culdocen- 
tesis to the overall management of ectopic pregnancy. 
It may be argued that the liberal use of laparoscopy as 
a diagnostic tool for ectopic pregnancy leads to “un- 
necessary” surgical treatment of cases that otherwise 
would have resolved. However, this concern stands 
alone against the potential benefits of laparoscopy. 
Early detection of ectopic pregnancy before tubal rup- 
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ture is associated with reduced morbidity and improved 
future fertility. Furthermore, the majority of patients 
with ectopic pregnancy may be treated primarily by a 
laparoscopic procedure.” The results of this and other 
recent studies indicate that culdocentesis is of limited 
value in the diagnosis and management of ectopic preg- 
nancy. 
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The efficacy of oral Mifepristone (RU 38,486) with a 
prostaglandin E, analog vaginal pessary for the termination of 
early pregnancy: Complications and patient acceptability 
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Outpatient terminations were performed on 100 ultrasonographically confirmed pregnancies of 

<63 days with a single oral dose of RU 38,486 (600 mg) and a single vaginal pessary of 
16,16-dimethyl-trans-A,-prostaglandin E, (1 mg) 48 hours later. Abortion occurred in all patients; in 95 it 
was complete, in four it was incomplete, and one resulted in a missed abortion. In 88% the abortion 
occurred within 4 hours of prostaglandin treatment. A total of 25% of patients had nausea and 15% 
vomited after RU 38,486 treatment. After prostaglandin treatment, 13% vomited, 10% had diarrhea, and 
23% required administration of an opiate analgesic agent. No patient was transfused and there was no 
genital tract trauma; one case of suspected pelvic infection occurred. If the need for termination arose 
again, 88% would elect to use the method again, 9% would not. The combination of the antiprogestin 
RU 38,486 and a vaginal prostaglandin pessary appears to offer a safe, efficient, acceptable nonsurgical 
outpatient method of termination. Further studies on dosage and treatment protocols would be justified. 


(Am J Osstet GYNECOL 1990;162:414-7.) 
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In England and Wales 172,286 elective abortions 
were performed in 1986, and of these 55,798 (32.4%) 
were performed at <9 weeks’ gestation.' Although vac- 
uum aspiration of the uterus is a relatively safe and 
simple procedure, complications do occur and attempts 
have been made to develop a nonsurgical means to 
terminate early pregnancy. The intrauterine or vaginal 
administration of a low dose of prostaglandins is ef- 
fective but is associated with frequent gastrointestinal 
side effects and marked pelvic pain, requiring paren- 
teral analgesia in up to 30% of cases.” The introduction 
of the antiprogesterones offers the possibility of im- 
provement on these results. 

Preliminary studies with the use of RU 38,486, a 
competitive progesterone receptor antagonist, for ter- 
mination of early pregnancy resulted in abortion rates 
of only 60% to 85%.** With the use of a combination 
treatment with a small dose of prostaglandins the re- 
sults can be enhanced without causing excessive side 
effects. The results with the use of this approach in 
165 consecutive patients are presented. 
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Patients and methods 


Women referred to the department requesting preg- 
nancy termination at <63 days amenorrhea were in- 
vited to participate in the study; prior support for the 
study was obtained from the local hospital ethics com- 
mittee. All cases accepted for termination complied 
with the terms of the Abortion Act, 1967. Pregnancy 
gestation and viability were determined with menstrual 
dates and clinical and ultrasonographic examination. 

After recruitment, a peripheral venous blood sample 
was taken for hemoglobin, blood group, and B-human 
chorionic gonadotropin (B-hCG) analyses. These anal- 
yses were repeated immediately before insertion of the 
prostaglandin pessary and at follow-up visits 7, 14, and 
28 days after termination. 

RU 38,486 600 mg was administered orally with wa- 
ter in the presence of the supervising physician after 
which the patient left the hospital. On return to the 
hospital 48 hours later, any relevant symptoms were 
recorded and if bleeding had occurred further clinical 
and ultrasonographic examinations were performed to 
assess pregnancy state. Unless complete abortion had 
occurred, a pessary of 16,16-dimethyl-trans-A? (geme- 
prost) 1 mg was inserted vaginally and hourly obser- 
vations were recorded until abortion had occurred or 
for a maximum of 6 hours. All patients were reviewed 
7, 14, and 28 days after prostaglandin treatment to 
record relevant symptoms and assess method accept- 
ability. At the first follow-up visit, an ultrasonographic 
examination was performed and if abortion had not 
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Table I. Efficacy of RU 38,486 and gemeprost 
by initial B-hCG level 


B-hCG level - : 
(IUIL) No. of patients | No. of successes | Rate (%) 
<10,000 23 23 100 
10,000-20,000 51 47 92 
>20,000 26 25 96 
TOTAL 100 95 95 





occurred, surgical evacuation under general anesthetic 
was arranged. 


Results 


A total of 165 women were invited to take part in 
the trial, and 105 (64%) agreed. The remaining 60 
requested aspiration termination under general anes- 
thetic because of trial length and need for follow-up 
(31) and because they did not want to be awake at the 
time of termination (29). Four patients subsequently 
withdrew from the study before treatment with 
RU 38,486, and one patient miscarried before treat- 
ment. A total of 100 patients were treated. 

The mean (SD) age of the patients was 26.4 (6.8) 
years; 63% were nulliparous, 18% had previously had 
an elective abortion, and 6% had had a spontaneous 
abortion. Fig. 1 illustrates the distribution by gestation 
of the pregnancies studied; the mean (SD) gestation 
was 47.5 (6.7) days. 

After RU 38,486 therapy, 25% had nausea and 15% 
vomited; none had diarrhea. A generalized papular 
rash that lasted for 48 hours developed in one patient 
24 hours after the tablets were administered. A total of 
5% had mild dysmenorrhea during the first 24 hours, 
increasing to 58% during the next 24 hours after 
RU 38,486 treatment; 8% required oral administration 
of an analgesic agent. 

Three patients aborted completely after RU 38,486 
administration and required no further treatment. A 
total of 63% of patients had bleeding after RU 38,486 
treatment that was mild in 35%, moderate in 25%, and 
heavy in 3%; none required in-patient admission. 

Of the 97 continuing pregnancies, abortion was pro- 
voked in all; 92 were complete, four were incomplete, 
and one patient who had light vaginal bleeding had a 
missed abortion at 7 days. A surgical evacuation of the 
uterus was performed for these five patients at which 
time histologic confirmation of retained products of 
conception was obtained. The gestation for these five 
pregnancies varied from 42 to 54 days. Eleven other 
patients had echogenic areas on ultrasonographic ex- 
amination consistent with blood clot or products of con- 
ception, but because symptoms were lacking these pa- 
tients were managed conservatively without mishap. 

The abortion success rate was not affected by parity, 
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Fig. 1. Gestation of pregnancy. 


gestational age, or initial B-hCG concentration (Table 
I). Products of conception were expelled within 6 hours 
of prostaglandin treatment by 96% of the patients í Fig. 
2), and all patients, except the patient with the missed 
abortion, aborted within the first 24 hours after dis- 
charge. The mean B-hCG plasma level did not statis- 
tically change in the 48 hours after RU 38,486 treat- 
ment, but significantly decreased when measured at the 
follow-up visits. 

After insertion of the prostaglandin pessary, 13% 
vomited, 10% had diarrhea, and 52% required anal- 
gesia, 23% by intramuscular injection of pethidine. The 
need for analgesia was greater in nulliparous patients 
(63.5%) than in multiparous patients (48%) (p < 0.05). 
These side effects were not affected by the gestational 
age. 

There were 93%, 85%, and 87% of patients who were 
seen for follow-up at 7, 14, and 28 days, respectively. 
Eleven patients had heavy bleeding at the time of abor- 
tion and two patients required an intramuscular injec- 
tion of ergometrine 0.5 mg to control the bleeding. 
Details relating to duration of bleeding after abortion 
were available in 94 patients (Fig. 3), and this was not 
affected by parity or gestational age. The mean (SD) 
duration of bleeding after abortion was 13.3 (6.5) days. 
A significant fall in hemoglobin was not observed in 
any patient at the times measured and none required 
a transfusion. 

A total of 9% of patients were treated with antibiotics 
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Fig. 2. Time of expulsion ofproducts of conception after 
prostaglandin treatment. 


as a prophylactic measure. Signs of pelvic infection de- 
veloped in one patient 3 days after prostaglandin treat- 
ment, which provoked pregnancy expulsion within 3 
hours. Surgical evacuation at 3 days removed some re- 
tained chorionic tissue. 

Of 40 patients questioned about their first subse- 
quent menstrual loss, 16 (40%) reported a normal flow, 
8 (20%) a lighter flow, and 16 (40%) a heavier-than- 
normal flow. 

Of the 92 patients who attended the 7-day follow- 
up, 88% stated they would repeat the termination 
method if they were in the same predicament in the 
future, 9% definitely would not, and 3% were unsure. 
OFf the 9% who would not repeat the method, this was 
because of method failure or incomplete abortion (3%), 
and the termination being too painful (6%). All 18 pa- 
tients who had previously had a first-trimester aspira- 
tion termination preferred the medical termination 
method to surgery. 


Comment ; 

The ability to perform a pregnancy termination with- 
out the need for formal prolonged (>6 hours) hospital 
admission and surgical intervention has many attrac- 
tions and warrants further development. The probable 
emotional and physical advantages as well as economic 
benefits could be considerable. The regimen described 
and the results presented, provide compelling evidence 
that such a technique exists with 99% pregnancies 
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Fig. 3. Duration of bleeding after prostaglandin treatment. 


aborted from the uterus within 24 hours and only 1% 
resulting in a missed abortion. These results support 
the conclusions reached by Webster et al.’ and repeated 
by Rodger and Baird,® with regard to the concept of 
augmentation of the antiprogesterone with an oxytocic 
agent. The results are markedly better than those ob- 
tained with low-dose prostaglandins alone? or an anti- 
progesterone alone.*® 

_Side-effects after RU 38,486 administration were in- 
frequent and caused minimal upset.” The frequencies 
after the prostaglandin treatment were higher and 
more distressing, although better than after the use of 
prostaglandins alone.* *° A reduction in the prosta- 
glandin dosage may result in a lower incidence of side 
effects without compromising efficacy. 

One of the major considerations when developing an 
abortion method is the incidence of complications. 
Marked bleeding occurred in 11% of our patients al- 
though none required admission or transfusion. Abor- 
tions induced with RU 38,486 were associated with 
transfusions in 0.4% of 1500 women,” an incidence 
similar to that reported after prostaglandin alone? and 
aspiration termination.'' The incidence of suspected 
postabortion pelvic infection of 1% is marginally lower 
than that observed after aspiration termination and 


` similar to the other medical methods. However, by 


avoiding any surgical intervention in 95% of the pa- 
tients, the risks of genital tract trauma are considerably 
reduced as well as the risks associated with a surgical 


Volume 162 
Number 2 


anesthetic. In this study the termination efficacy was 
not related to gestational age or 8-hCG concentration. 
However, because nearly all the terminations were suc- 
cessful, a larger study would probably be needed to 
confirm that these parameters have no significant ef- 
fects. 

The high abortion success rate achieved with the 
combination of an antiprogestin and a prostaglandin 
may be a result of a number of factors. Csapo'? pro- 
` posed that the degree of uterine activity during preg- 
nancy is controlled by the balance between the intrinsic 
suppressor, progesterone, and the stimulant, prosta- 
glandin. The increased uterine contractility observed 
after antiprogesterone treatment!*® has been thought 
to be a result of increased endogenous prostaglandin 
production, and RU 38,486 has been found to increase 
endogenous prostaglandin release from the decidua 
in vitro.* However, prostaglandin metabolite levels do 
not increase in peripheral plasma after RU 38,486 
treatment, thus not supporting this view,” although 
prior treatment with an antiprogesterone increases 
myometrial sensitivity to prostaglandins.’* '* Reduced 
cervical resistance, which is provoked by RU 38,486," 
might also explain the enhanced results, although the 
mechanism whereby the cervical changes are produced 
is not certain. 

The combination of RU 38,486 with gemeprost for 
medical termination of pregnancy appears to offer a 
safe, efficient, acceptable, outpatient alternative to sur- 
gical abortion. Its combination has the advantage of 
high complete abortion rates with low frequency of side 
effects. Patients should be warned of the possibility of 
incomplete abortion arid advised to return if they have 
problems. To our knowledge there has been no report 
of the hormonal effects of RU 38,486 on the fetus in 
human beings, so the patient who changes her mind 
after treatment with RU 38,486 when abortion has not 
occurred remains a problem. Further studies to ex- 
amine the results of reduced RU 38,486 dose, reduced 
RU 38,486 to prostaglandin interval, and reduced pros- 
taglandin dosage would seem warranted to determine 
whether even better and more acceptable results can 
be obtained. l 
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Evaluation of unfavorable histologic subtypes in 


endometrial adenocarcinoma 
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A retrospective review of 388 patients who presented to the Mayo Clinic for treatment of endometrial 
carcinoma between 1979 and 1983 was performed and the surgical and pathologic observations were 
documented. An uncommon histologic subtype was detected in 52 patients (13%): 20 adenosquamous, 14 
serous papillary, 11 clear cell, 7 undifferentiated. In contrast to the survival of patients with endometrioid 
lesions (92%), the overall survival in these patients was only 33%. Each of the individual abnormal 
histologic subtypes exhibited a survival of less than 50%. At the time of surgical staging, 62% of patients 
with unfavorable histologic subtypes had extrauterine spread of disease. Despite liberal utilization of 
postoperative adjuvant therapy in 42 of the 52 patients (81%), only 10% of these patients survived 5 
years. Fifty-five percent had a component of recurrence outside of the abdominal/pelvic cavity. 
Subsequent treatment considerations should incorporate regimens addressing systemic and local tissue 


control. (Am J OssteET GYNECOL 1990;162:418-26.) 


Key words: Unfavorable histologic subtypes, endometrial carcinoma, adenosquamous, serous 


papillary, clear cell; undifferentiated 


Carcinoma of the endometrium is the most common 
invasive gynecologic malignancy. The American Can- 
cer Society estimates that 40,000 cases of endometrial 
carcinoma will be diagnosed during 1988 and 3000 
deaths will result from this disease. Because of the low 
death rate, endometrial carcinoma is often considered 
a prognostically favorable disease, but several subsets 
of patients can be identified who respond poorly to 
standard treatment. 

Various morphologically different histologic sub- 
types make up the group of malignancies classified as 
adenocarcinomas of the endometrium. Each of these 
subtypes, including adenocarcinoma with or without 
squamous differentiation, clear cell carcinoma, papil- 
lary serous carcinoma, adenosquamous carcinoma, mu- 
cinous adenocarcinoma, secretory carcinoma, and un- 
differentiated carcinoma, exhibits its own behavior pat- 
tern and metastatic potential. This report describes our 
experience with these histologically different variants 
of endometrial carcinoma. 


Methods and material 


A retrospective review was performed of all patients 
presenting to the Mayo Clinic for definitive therapy 
of endometrial carcinoma from 1979 to 1983. During 
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this interval, 388 patients received primary institu- 
tionally standardized therapy that consisted of surgical 
evaluation and resection, without routine preoperative 
intracavitary or external beam radiation therapy. Sur- 
gical management included cytologic evaluation of 


„peritoneal fluid or washings, total abdominal hyster- 


ectomy, bilateral salpingo-oophorectomy, and selective 
lymph node sampling. If extrauterine spread was de- 
tected, histologic confirmation was requested and cyto- 
reductive surgery was performed. Although Broders’ 
classification’ was used for determination of tissue dif- 
ferentiation, the clinical FIGO (International Federa- 
tion of Gynecology and Obstetrics) system was used for 
surgical staging. 

All pathologic slides were reviewed by one of the 
authors (T. A. G.). The reviewer had access to the pre- 
vious pathology report but no knowledge of any clinical 
data, including adjuvant therapy or patient status. His- 
tologic assessment included determination of the grade 
of differentiation, the depth of myometrial invasion, 
and the histologic subtype of the lesion. If additional 
specimens were needed, the paraffin blocks were recut 
or the archival gross specimens were retrieved for ad- 
ditional processing as indicated. Under circumstances 
when diagnostic accuracy was poteritially compromised 
because of no or limited identifiable tumor, the original 
diagnostic dilatation and curettage specimen was ob- 
tained (if performed elsewhere) and again reviewed. 
Patients with precancerous lesions were excluded ‘as 
were patients with noncarcinomatous or mixed mül- 
lerian lesions of the uterus. 

Histologic subtypes included were endometrioid or 
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“ordinary” endometrial carcinoma, endometrioid with 
squamous differentiation, clear cell, serous papillary, 
adenosquamous, and undifferentiated carcinoma. Tu- 
mors that comprised two or more histologic subtypes 
were grouped according to the predominant type at 
the discretion of the reviewing pathologist. Secretory 
carcinoma of the endometrium is thought to be a type 
of endometrioid carcinoma. Previous studies?* in- 
cluded these under clear cell carcinomas but these pa- 
tients fare much better than those with <lear cell lesions® 
and therefore are included with the endometrioid ma- 
lignancies. 

Mucinous adenocarcinomas were infrequently en- 
countered and were invariably found in combination 
with lesions of another histologic type. As their clinical 
course is similar to that of endometricid lesions,® they 
were classified as such unless the other histologic type 
predominated, dictating a specific classification. In our 
review endometrioid lesions with squamous differen- 
tiation (adenoacanthoma) were assumed to contain 
squamous elements that were benign. In accordance 
with the literature, adenosquamous lesions contained 
both malignant-appearing glandular and squamous 
elements.”’° The classification of papillary serous car- 
cinoma was rigorous; it required the presence of a pap- 
illary architectural configuration and marked nuclear 
atypia. These nuclear changes included pleomorphism, 
hyperchromatism, and evidence of abnormal chro- 
matin characteristics such as giant nuclei and abnormal 
nucleoli. Patients whose tumors did not exhibit these 
nuclear changes, even though morphologic features 
were papillary, were-not considered to have a serous 
papillary lesion. Clear cell carcinomas were categorized 
as per the description detailed by Kurman and Scully." 
Undifferentiated carcinomas were high-grade lesions 
whose appearance consisted of sheets of tumor without 
glandular architecture, but they were thought to arise 
from the endometrium. 

Patient follow-up data were obtained by record re- 
view, by letter, or by telephone. If a recurrence or death 
was noted, records from the local physician or a death 
certificate was obtained whenever possible. Statistical 
analyses used Kaplan-Meier methods” for determining 
survival estimates and Cox regression analysis” for as- 
sessing the influence of multiple covariates. 


Results 

Of 388 patients, 285 (73%) had “ordinary” en- 
dometrioid adenocarcinoma without squamous dif- 
‘ferentiation; 50 (13%) additional patients had “ordi- 
nary” endometrioid adenocarcinoma with squamous 
differentiation. There was no significant difference in 
disease-free survival in the above groups; 92% of those 
without and 91% of those with squamous differentia- 
tion were alive without evidence of recurrence at a 
mean follow-up of 3 years. Hence these subtypes were 
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Table I. Distribution of histologic subtypes in 
endometrial carcinoma (n = 388) 






Patients 


Histologic subtype 
Ordinary type without squamous 285 73 
differentiation 
Ordinary type with squamous 50 13 
differentiation 
Adenosquamous 20 5 
Serous papillary 14 4 
Clear cell 11 5 
Undifferentiated 7 2 
Unknown (postradiation) 1 0.3 


considered to be favorable histologic lesions. One pa- 
tient received preoperative radiation therapy before 
referral and the histologic subtype could not be accu- 
rately determined. 

An uncommon histologic subtype was detected in 52 
patients (13%) (Table I). In contrast to the survival in 
patients with endometrioid lesions (92%), the 5-year 
survival in these patients was only 33%. Attesting to the 
grave prognosis associated with each of the identified 
subtypes were the corresponding 5-year survival rates: 
adenosquamous, 40%; serous papillary, 25%; clear cell, 
33%; and undifferentiated, 20% (Table II). Thirty-five 
patients were followed up until death (mean survival, 
17 months; range, 2 to 71 months). Only 1 patient who 
died of disease survived more than 40 months (71 
months). Thus the overall survival is 33%. The re- 
maining 17 patients who are alive have a mean survival 


` of 75 months (range, 48 to 107), and only 3 patients 


have a posttreatment observation interval of <5 years. 
No patient was lost to follow-up. One patient had a 
recurrence in the pelvis at 43 months but continues 
alive and free of disease 18 months after undergoing 
a total pelvic exenteration. The remaining 16 patients 
have no known recurrences. 

Although 30 of the 35 deaths in this patient popu- 
lation were cancer specific, 5 deaths could not be un- 
equivocally related to the carcinomatous process de- 
spite the fact that the mean survival in these 5 cases (13 
months) did not differ from that of the 29 patients dead 
of disease (18 months). Of these 5 patients, 2 died of 
cerebrovascular accidents at 3 and 26 months after the 
initial surgery but no autopsies were performed, 1 died 
of pneumonia (8 months) with pleural effusions, and 
2 died of carcinoma at 9 and 18 months. These last 2 
patients may have had endometrial cancer, as they re- 
portedly died of “lung” and “abdominal” carcinoma. 
The last patient had had concomitant surgery for renal 
cell carcinoma and endometrial carcinoma and died 9 
months later of “abdominal” cancer. 

The symptom at presentation in 43 of these 52 pa- 
tients (83%) was abnormal vaginal bleeding. An ab- 
normal Papanicolaou smear led to the diagnosis of neo- 
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Table II. Distribution and survival according to surgical stage and histologic subtype 








Patients surviving at 5 yr 












Adenosquamous Serous papillary 


I 4/7 57 0/1 

I 0/1 =- 
Ill 4/6 67 2/4 50 
IV 0/6 1/7 14 
TOTAL 8/20 40 3/12 25 





Table III. Distribution and concordance of 
clinical and surgical staging in patients with 
unfavorable histologic subtypes (n = 52) 









Patients (No.) 


I 29 19 62 
II 3 l 33 
HI ll 16 73 
Iv* 9 16 89 


*One case was overstaged and 16 were understaged. 


plasia in 5 patients without symptoms when first seen. 
In addition, four asymptomatic patients were surgically 
evaluated for other reasons; endometrial carcinoma 
was not expected. Fifty of the 52 patients (96%) were 
menopausal, 1 patient was premenopausal, and 1 was 
perimenopausal. The mean age of the patients with 
abnormal histologic subtypes was 67.9 years, with only 
1 patient <50 years old when first seen. This is slightly 
older than the patients with endometrioid lesions 
(mean age, 63.2 years, p = 0.002). Only 9 of the 52 
patients (17%) had a history of exogenous estrogen 
administration, in contrast to 29% of patients with 
endometrioid lesions. 

The extent of disease as determined by surgical stag- 
ing was dramatically different for patients with abnor- 
mal histologic subtypes compared with those with en- 
dometrioid tumors. Only 37% of the patients with un- 
favorable histologic subtypes had disease confined to 
the corpus (stage I) compared with 87% with the en- 
dometrioid types. Conversely, 62% (32 of 52) of the 
histologically abnormal group presented with advanced 
disease (surgical stages III and IV) compared with only 
7% (23 of 336) with the endometrioid lesions. Fur- 
thermore, even though the abnormal histologic subtype 
group made up only 13% of the overall population, it 
accounted for 58% (32 of 55) of all patients with ex- 
trauterine spread or surgical stages IJI and IV (Table 
ID). 

Clinical and surgical staging were in agreement in 
67% of patients (Table III). Overstaging occurred in 
only 1 patient, who was thought to have stage IV disease 





Clear cell 


Undifferentiated Total 









2/5 40 0/1 6/14 43 
== — 0/1 

1/3 33 1/3 33 8/16 50 
0/1 . 0/1 I/15 7 
3/9 33 1/5 20 15/46 33 


Table IV. Distribution of histologic subtypes 
according to histologic grade and depth of 
myometrial invasion 








Patients 


Unfavorable 
histologic 
subtype 







Endometrioid 


Histologic factor 
Broders’ grade 
l 


101 30 1 2 

2 197 59 13 25 

3 34 10 24 46 

4 4 1 14 27 
Depth of invasion 
of myometrium 

None 57 17 l 2 

EA 204 6l 16° 31 

> but =% 37 11 6 12 

| >% 29 9 6 12 

Through serosa 9 3 23 44 


but had stage I at operation. In the remaining 16 pa- 
tients with incorrect staging, understaging was done in 
all. ; 
The frequency of poor tissue differentiation and 
deep myometrial penetration was skewed adversely 
within the subgroup consisting of unusual histologic 
subtypes. Whereas 298 of the 335 patients (89%) with 
endometrioid lesions exhibited Broders’ grade 1 or 2 
lesions, 73% (38 of 52) of the unfavorable histologic 
subtypes had grade 3 or 4 lesions (Table IV). These 
patients also experienced deeper myometrial invasion; 
23 patients (44%) had tumor penetration through the 
uterine serosa whereas only 17 (33%) had tumor con- 
fined to the inner third of the myometrium. In contrast, 
261 (78%) of the endometrioid group had tumor con- 
fined to the inner third of the myometrium, whereas 


only 3% of patients had penetration of the uterine se- 


rosa (Table IV). 

Lymph node status was assessed histologically in 23 
patients (44%) with unfavorable histologic subtypes; 
only 9 patients had pelvic and paraaortic lymph nodes 
sampled. Metastatic involvement of pelvic or paraaortic 
lymph nodes was documented by pathologic exami- 
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Table V. Postoperative adjuvant therapy according to surgical stage 




















Progestational agents 1 
Pelvic radiation* 9 
3p 2 
Cytotoxic chemotherapy 1 
Extended field radiationt l 
None 5 


TOTAL 


2 6 9 17 
oF 2 21 40 
== => 2 4 
— 3 4 8 
3 2 6 12 
2 3 10 20 
16 16 52 








*One patient received progestational agents. 
tIncomplete course. l 








{Whole abdominal pelvic irradiation 5 patients; paraaortic boost 1 patient. 


Table VI. Survival at 5 years after adjuvant therapy in patients with unfavorable histologic subtypes 
according to stage 





Stage I Stage H Stage III Stage IV 
(No.) (No.) (No.) (No.) 


Progestational agents 0/1 —- 
Pelvic radiation 5/9 0/1* 
sp 0/2 — 
Cytotoxic chemotherapy 0/1 — 
Extended field radiation 0/1 

None 4/5 (80) — 
TOTAL 5/14 (36) 0/1 


Numbers in parentheses are percentages. 
*Incomplete course in 1 patient. 


nation in 10 patients; 4 patients had both lymphatic 
regions involved. Only positive pelvic lymph nodes 
were observed in 4 patients and 2 patients had positive 
paraaortic lymph nodes without pathclogically proved 
pelvic nodal disease. 

Cytologic evaluation of peritoneal fluid was per- 
formed in 43 of the 52 patients. Peritoneal cytologic 
results were positive in 14 (27%) and negative in 29 
(56%) patients; 9 patients (17%) did not have cytologic 
evaluation. This is in contrast to the endometrioid le- 
sions, in which peritoneal cytologic results were positive 
in 18 of 335 patients (5%) and negative in 219 patients 
(65%), and cytologic evaluation was not performed in 
98 patients (29%). The advanced surgical stage is pri- 
marily responsible for the positive peritoneal cytologic 
results, as 11 of the 14 positive samples were obtained 
in surgical stage III or IV disease and three positive 
samples were obtained in 19 patients with surgical stage 
I disease, with one patient not having samples obtained 
for peritoneal cytologic testing. i 

Postoperative adjuvant therapy was used in 42 of the 
52 patients (81%) with unfavorable histologic subtypes 
in contrast to 32% of patients with endometrioid sub- 
types. The decision regarding adjuvant therapy was 





1/2 0/6 1/9 (11) 
6*/9 1/2 12/21 (57) 

= = 0/2 

= 0/3 0/4 

1/3 0/2 1/6 (17) 

0/2 0/3 4/10 (40) 

8/14 (57) 1/13 (8) 14/42 (33) 


based on the stage of disease, tumor grade, depth of 
myometrial invasion, and peritoneal cytologic test re- 
sults. Several patients refused adjuvant therapy. This 
therapy consisted of the following: progestational 
agents in 9 patients, pelvic radiation in 21, radioactive 
colloid chromic phosphate in 2, cytotoxic chemother- 
apy in 4, and extended field radiation in 6 (Table V). 

Notwithstanding relatively aggressive adjuvant man- 
agement with progestational agents, cytotoxic chemo- 
therapy, intraperitoneal radioisotopes, and extended 
field radiation, the 5-year survival in these patients was 
poor (10%). Only 2 patients were salvaged among the 
21 treated, which, in part, may reflect selection biases; 
only 5 patients (24%) had surgical stage I disease (Table 
VI). One of these 2 had a recurrence and died of disease 
at 71 months. Of the 21 patients treated with pelvic 
radiation, 12 (57%) survived. In contrast to the former 
group, 10 patients (48%) did not exhibit extrauterine 
spread of disease. Surprisingly, 4 of 10 patients who 
did not receive adjuvant therapy survived, but cautious 
interpretation is necessary in that all survivors were 
patients with stage I disease, which made up 50% of 
this subgroup. 

Evaluation of the failure sites allows additional in- 


422 Wilson et al. 


Table VII. Distribution according to sites of 
recurrence (n = 36) 


: Patients 
Site (No.) 


Unknown* 7 
Pelvic alone 4 
Abdomen alone 9 
Abdomen and pelvis T 
9 
7 





Distant site only 
Distant site and abdominal-pelvic component 





*Includes 5 patients who possibly died of endometrial car- 
cinoma. 


sight into biologic characteristics of the tumor and treat- 
ment efficacy. Seven patients failing progestational 
therapy for unfavorable histologic subtypes had an 
identifiable site of recurrence. Each of these 7 had an 
abdominal or pelvic component of the failure and 4 
also had detectable disease present outside the abdom- 
inal cavity. Likewise, 3 of the 4 patients who received 
cytotoxic chemotherapy had an identifiable site of re- 
currence. Of these 3, all had an abdominal or pelvic 
component of the failure, and 1 had an extraabdominal 
component as well. Of the 2 patients treated with *P, 
1 had failure in the abdomen and the other in the chest. 
In addition, 6 patients were treated with extended field 
radiation, with four known sites of recurrence, includ- 
ing three recurrences within the field of radiation. 

Of the 21 patients treated with pelvic radiation, 2 did 
not complete therapy. The mean dose was 45.1 Gy to 
the midpelvis, with a range of 20 to 54 Gy. If the 2 
patients who did not complete therapy are excluded, 
the mean dose was 47.5 Gy (range, 43 to 54). It is 
interesting that 1 of these 2 patients is alive without 
evidence of disease. Overall, 12 of these patients (57%) 
survived, and | died without documented recurrence. 
One patient had recurrence in the pelvis and was 
treated with a total pelvic exenteration; she is surviving 
without evidence of disease 18 months after recur- 
rence. Therefore 9 known recurrences were docu- 
mented in this group, with 5 outside the abdominal- 
pelvic cavity, 3 in the pelvis alone, and a combination 
of both pelvic and distant sites in 1. 

Of the 10 patients who did not receive adjuvant ther- 
apy, 4 are alive without known recurrence and 2 died 
without confirmed recurrence of endometrial carci- 
noma. The sites of recurrence in the remaining 4 pa- 
tients include the abdominal-pelvic cavity in 1, the 
abdominal-pelvic cavity and distant sites in 2, and an 
isolated distant site in 1. 

Eleven patients who had surgical stage I disease had 
recurrence: in the abdominal-pelvic cavity in 4, in dis- 
tant sites in 5, and in both the abdominal-pelvic cavity 
and a distant site in 1; the site of recurrence was un- 
known in I patient. 
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Overall, there were 31 recurrences resulting in 30 
deaths, but in 2 the sites of recurrence were unknown. 
Thus, of the 29 known sites. of recurrence, 16 (55%) 
had a component of failure outside the abdominal- 
pelvic cavity, and in 9 (31%) of these recurrence was 
outside the abdomen and pelvis. Only 4 patients (14%) 
experienced an isolated pelvic recurrence and 9 (31%) 
had recurrence in either the abdomen or pelvis or in 
the abdomen alone (Table VII). 


Comment 


Patients with endometrial carcinoma of unfavorable 
histologic subtypes experience a 5-year survival that is 
lower than that of their cohorts with endometrioid le- 
sions. Independent and multivariate analyses (adjusting 
for surgical stage, grade, lymph node involvement, es- 
trogen supplementation, and lower uterine segment in- 
volvement) revealed that the histologic subtype had a 
significant correlation with survival (p < 0.001 and 
<0.02, respectively). These results strongly imply dif- 
ferent tumor biologic features than are usually associ- 
ated with the more common endometrioid histologic 
subtypes or suboptimal therapeutic approaches, or 
both. l 

In this series the number of patients in each subset 
of histologic subtype is low but each of these subtypes 
is associated with a 5-year survival of <50%. Thus, 
although microscopically distinct, their ominous prog- 
nosis is uniform. 

These patients were older than their counterparts 
with endometrioid subtypes and this is consistent with 
the literature for adenosquamous,”* “ clear cell,” 1'6 
and serous papillary’ * carcinomas. The aggressive na- 
ture of the tumor resulting in deep myometrial invasion 
and advanced surgical stage at diagnosis has been re- 
ported by others™® '*'”*! and is confirmed here. These 
patients all underwent surgical staging before initiation 
of therapy and the incidence of extrauterine spread of 
disease (62%) is striking. 

The survival rate in these patients is lower than that 
often quoted. With serous papillary lesions, the 5-year 
survival rate was 25%. This is lower than that reported 
by Christopherson et al.” (51%), Hendrickson et al.'* 
(28%), Christman et al.” (60%), and Jeffrey-et al. 
(26%). The incidence of serous papillary lesions in our 
patient population was less than that reported by other 
authors. Serous papillary lesions were present in 3.6% 
of our population, 4.7% of the series of Christopherson 
et al., 4.8% of the series of Chambers et al., and 10% 
of stage I lesions in the series of Hendrickson et al. 
No explanation is offered except for the rigid histologic 
criteria used, as noted above. 

In our series, the observed 5-year survival rate with 
clear cell carcinoma was 33% and the incidence was 
2.8%, whereas Kurman and Scully" reported a 55% 5- 
year survival, Christopherson et al. reported a 35% 5- 
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year survival and 5.5% frequency, and Webb and 
Lagios"® a 64% 5-year survival and 4% frequency. Other 
authors* '® have also reported the frequency to be be- 
tween 3.0% and 4.7%. Thus our data regarding both 
frequency and survival for clear cell lesions are similar 
to those in the literature. 

Adenosquamous lesions made up 5.2% of our pop- 
ulation and had an associated 40% 5-year survival. 
Other investigators have reported incidence rates of 
6.9% to 17.6% and corresponding 5-year survivals of 
19% to 46%.” Therefore the incidence in this series is 
again less than that reported by other authors who 
reported similar survival rates. 

Although 81% of these patients were aggressively 
treated with adjuvant therapy, no definitive conclusions 
about adjuvant therapy can be put forth. Those patients 
receiving external pelvic radiation experienced the best 
survival; surprisingly, 67% of patients with surgical 
stage III disease are alive without evidence of disease. 
Comparison of treatment modalities is not feasible, as 
the type of adjuvant therapy administered was often 
determined by the surgical stage. Not unexpectedly, 
half of the patients who received nc treatment had 
surgical stage I disease, 48% of those who received 
whole pelvic radiation had disease confined to the 
uterus, and only 24% of those who received extended 
field radiation,*P, or chemotherapy had surgical stage 
I disease. 

Evaluation of sites of recurrence suggests that car- 
cinoma of the endometrium with unfavorable histologic 
subtypes is a systemic disease.” Fifty-five percent of 
recurrences had a component of failure outside the 
abdominal-pelvic cavity and 31% occurred outside the 
abdominal-pelvic cavity alone. Even surgical stage I pa- 
tients experienced a survival of only 43% with 60% of 
known recurrences being outside the abdominal-pelvic 
cavity. Thus patients with surgical stage I disease need 
to be treated aggressively. The optimal treatment is 
unknown, but because of distant recurrences, systemic 
therapy or a combination of local and systemic therapy 
is imperative. 

Considering that 62% of our patients exhibited 
pathologically proved extrauterine spread of disease at 
the time of diagnosis, an aggressive surgical approach 
to accurately determine the stage of disease appears 
imperative and significantly limits the value of preop- 
erative irradiation. This should include not only sur- 
gical extirpation of the uterus and adnexal structures 
but also a staging procedure similar to that performed 
for ovarian carcinoma, with cytoreductive surgery used 
as necessary.’” '° Once the surgical stage of disease is 
determined, adjuvant therapy can be outlined. 
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Discussion 


Dr. DuDLeY P. BAKER, Temple, Texas. This report 
does not provide new information but it does further 
confirm that certain subgroups of endometrial carci- 
noma occur, are unpredictable, and carry a worse prog- 
nosis. The article represents a 5-year retrospective anal- 
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ysis that does contain interesting observations but, like 
most retrospective studies, has many gaps of important 
. information that is needed in order to arrive at mean- 
ingful conclusions. Since the underlying theme of this 
study is based on pathologic features and how accurate 
interpretation can predict prognosis and determine 
treatment, most of my questions and comments pertain 
to the pathologic evaluation and the terminology used. 

Important merits of the study include the following: 
No preoperative irradiation was used to interfere with 
histologic interpretations; rigid criteria were used to 
define the subgroups; sarcomas were excluded; and 
there was satisfactory follow-up of patients. However, 
the following particulars are not clear and might con- 
tain important information: How were the uteri sec- 
tioned? The literature is replete with studies that failed 
to document adequate and consistent sectioning of the 
uterus, a technique that is essential to accurately assess 
tumor involvement. Was the éndocervix or the lower 
uterine segment involved? Were the myometrial lym- 
phatic spaces adjacent to the carcinoma evaluated for 
tumor? Was the depth of myometrial invasion classi- 
fied? Superficial? In halves? Thirds? The authors men- 
tioned “inner third” and “serosal” involvement, but this 
should be ‘clarified. 

Accurate pathologic evaluation depends on accurate 
surgical staging. Complete surgical staging provides 
complete pathology reports. l 

Lymph nodes were “selectively” sampled in less than 
half (44%) of the abnormal subtypes in this study. It is 
generally confessed by gynecologic oncologists that 
node sampling varies from “palpation” to “node pick- 
ing” to “complete removal” of the nodal fat pads of the 
pelvis and aorta. These patients are usually older, 
obese, and carry many risks for anethesia and surgery. 

The standard definition. of surgical staging for en- 
dometrial cancer implies studying the uterine specimen 
rather than “clinical staging.” However, surgical staging 
also implies a defined sampling of all at-risk tissues, as 
with ovarian cancer. Should surgical staging therefore 
include defined lymph node biopsies, peritoneal biop- 
sies, and cytologic sampling? Omentectomy? Perhaps 
we should extend these latter procedures to endo- 
metrial carcinoma and refer to these procedures as sur- 
gical oncology staging. Cytologic sampling was per- 
formed in 83% of the patients in the abnormal 
subgroups. Was this cul-de-sac aspiration or intraperi- 
toneal washings? Done randomly or only with apparent 
extrauterine disease? 

The authors classified the histologic groups accord- 
ing to the predominant type. Shouldn’t they be 
grouped according to the highest grade with the worse 
prognosis? What is the prognosis if the malignant por- 
tion represents 25% of serous papillary tumor? 

The FIGO classification is used for staging; however, 
Broders’ classification is used for grading the tumor. 
Dr. Broders also practiced at our institution, but 
shouldn’t we now all use the FIGO grading system to 
obtain comparative data? 

The authors use the term “endometrioid” to describe 
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ordinary adenocarcinoma. The suffix “oid,” by defi- 
nition, means “like, or similar to.” The term “endo- 
metrioid carcinoma ovary” appropriately suggests that 
the ovarian histologic pattern is similar to endometrial 
adenocarcinoma. In this study, endometrioid carci- 
noma is endometrial carcinoma, and perhaps the stan- 
dard term “endometrial adenocarcinoma” might better 
be used. 

In the introduction, the authors refer to the abnor- 
mal subgroups as “in contrast to patients with endo- 
metrial lesions” and later suggest that these abnormal 
patterns might represent systemic disease. These state- 
ments suggest that these variants might represent a 
multicentric metaplastic process, similar to peritoneal 
carcinoma. However, this is not substantiated in the 
article by cytologic or histologic sampling, mention of 
ascites, or types and sites of recurrence. I would be - 
interested in Dr. Wilson’s comments. 

Were estrogen receptor or progesterone receptor 
studies done to better predict possible hormonal ad- 
junctive therapy? 

How was the term abdominal-pelvic cavity used when 
discussing recurrence sites? It is not clear whether this 
infers the lower abdomen and pelvic area or the entire 
abdominopelvic cavity. 

Fifty-two patients were studied and were divided into 
four subgroups; these subgroups were treated with six 
different forms of adjunctive therapy, with only a 3- 
year follow-up available on some patients, making the 
statistical significance of response to treatment ques- 
tionable. This was acknowledged in the article. 

In summary, the article emphasizes the important 
points that there are variants of endometrial carcinoma 
and that these subgroups are unpredictable and have 
a worse prognosis. We must remember their important 


. statistics —92% survival compared with 35%—and be 


alert. The study also emphasizes the need for a large, 
multiinstitutional prospective study to further evaluate 
the details of histologic. types and routes of spread of 
these “bad actor” patterns of endometrial cancer before 
final conclusions are reached. 

Dr. GEORGE D. WILBANKS, Chicago, Ilinois. Wilson 
and his colleagues have reviewed 388 patients with en- 
dometrial carcinoma who were surgically evaluated at 
the Mayo Clinic from 1979 through 1983. The em- 
phasis is on the correlation of the unfavorable histologic 
subtypes with data on histologic type, stage, grade, uter- 
ine wall involvement, treatment, and outcome. 

They identified the common endometrial cancers as 
endometrioid adenocarcinoma and adenocarcinoma 
with squamous differentiation. These two subtypes had 
similar outcome and so were considered together, 285 
(73%) and 50 (13%) for a total of 335 (86%). The re- 
maining 52 patients (14%) (one unknown type because 
of prior irradiation) were classified as follows: adeno- 
squamous, 20 patients (5%); serous papillary, 14 pa- 
tients (4%); clear cell, 11 patients (3%); and undiffer- 
entiated, 7 patients (2%). The pathologic material was 
carefully reviewed by one author without knowledge 
of the clinical outcome. The criteria for papillary serous 
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Table I. Recurrences by treatment and site 
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carcinoma were specifiably strict. The percentage of 
unfavorable histologic subtypes in total and by specific 
subtypes was similar to that of most series. 

The aggressive nature of these unfavorable carci- 
nomas was demonstrated in contrast to the “ordinary” 
or endometrioid endometrial adenocarcinoma by the 
increase in clinical and surgical staging, with 87% of 
the endometrial adenocarcinomas as stage I, but only 
37% of the unfavorable carcinomas and conversely only 
7% of the endometrial carcinomas were stage III or IV 
whereas 62% of the unfavorable ones were abdominal. 
Clinical understaging was frequent in the unfavorable 
group (31%). How did the clinical versus surgical stag- 
ing compare in the endometrioid carcinomas? 

The pathologic findings of poor tissue differentiation 
and depth of myometrial penetration were also higher 
in the unfavorable group. This difference was partic- 
ularly increased in the grade 3 or 4 tumors and in deep 
myometrial involvement and serosal penetration. It is 
at each end of both these divisions that the differences 
are most marked. 

Clinical risk factors would seem to be important to 
delineate the patients with unfavorable disease. The 
patients with unfavorable lesions had a higher inci- 
dence of bleeding as presenting symptom (43 of the 52 
patients or 83%); however, of the asymptomatic pa- 
tients (17%), 5 had an abnormal Papanicolaou smear 
(10%). Did any patients have diagnosis by screening 
endometrial sampling? The patients with unfavorable 
lesions were older than the favorable (mean 67.9 vs. 
63.2) and only one was <50 years old. Only 9 of the 
52 patients with unfavorable disease (17%) had a his- 
tory of exogenous estrogens, whereas 29% of the pa- 
tients with endometrial lesions had such a history. 
There were no data comparing other risk factors, par- 
ity, obesity, diabetes, hypertension. Were there any 
clinical-epidemologic data that might indicate these 
women at unfavorable risk so that more intense sur- 
veillance might improve earlier diagnosis? 

Initial surgical exploration with total abdominal hys- 
terectomy, bilateral salpingo-cophorectomy, peritoneal 


cytologic testing, selected node sampling, and bulking 
was recommended. However, the indications for the 
extended procedure and types of procedure, i.e., node 
sampling, were not given nor was the frequency with 
which it was performed in the endometrioid lesions. If 
the unfavorable histologic type was an indication for 
these procedures, they were not routinely performed. 
Lymph node status was histologically assessed in 23 
(44%) of the “unfavorable” patients but only 9 had both 
areas sampled, with 4 having pelvic sampling only and 
2 paraaortic sampling only. We are given no data on 
nodes in endometrioid cases. Peritoneal cytologic test- 
ing was done in 43 (83%) of the “unfavorable” patients, 
with positive results in 14 (27% of total patients, 32% 
of those with cytologic testing), compared with 237 
(71%) of endometrioid cases, with 18 positive results 
(5.4% of total patients, 7.5% of patients with cytologic 
testing). However, if only stage I cases are considered, 
only 3 of 19 (17%) were positive in the unfavorable 
cases. How do the cytologic results compare with those 
in stage I endometrioid cases? Also, what is the com- 
parison of node samples and positive nodes in endo- 
metrioid cases? 

The average survival of the patients with unfavorable 
lesions was much poorer than that in the endometrioid 
cases, 33% versus 92%. This is reported as statistically 
significant, but we are not given the details of this sta- 
tistical analysis: Also, the stages of the two groups are 
quite different as are age, grade, and depth of myo- 
metrial penetration, which are known high-risk factors. 
Do the authors have details on these comparisons and 
the “multivariate analysis” performed? 

Finally, if we are to improve survival in these unfa- 


` vorable cases, aggressive treatment seems indicated de- 


pending on the recurrence-treatment data. Although 
the numbers of the various cell types are relatively small 
and compounded by stage, grade, and treatment, some 


_ indications of treatment efficacy and recurrence pat- 


tern may be inferred. Table I illustrates more detailed 
data from the narrative on the unfavorable cases. There 
are some discrepancies that should be explained, but 
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there are no comparison data on the “controls.” There 
is only the comment that 42 of the 52 “unfavorable” 
patients (81%) were treated (although “several” refused 
treatment) compared with 107 (32%) of the “endo- 
metrial” patients. How were the “endometrial” patients 
selected for treatment? There were 235 “endometrioid” 
patients with grade 2 to 4 tumors (38 patients with 
grades 3 and 4), 75 with greater than one third myo- 
metrial penetration (35 with greater than two thirds), 
and 18 with positive cytologic test results. How many 
refused treatment? What was the survival of the treated 
patients in comparison with the treated “unfavorable” 
patients, stage for stage? 

Pelvic irradiation does appear to be the best treat- 
ment with 12 of 21 patients (57%) surviving. Interest- 
ingly, the stage did not seem to make any difference in 
the response, i.e., stage 1 5 of 9 (56%), stage III 6 of 9 
(66%), and stage IV 1 of 2 (50%). Actually the patients 
with stage I disease who had no therapy did better, 4 
of 5 (80%). No patient with stage I with any other 
treatment survived (5 patients) and actually the patients 
with stage III had a better survival than those with stage 
I (57% vs. 36%). Obviously there are many other vari- 
ables that would possibly explain these differences but 
are difficult to quantitate with the small numbers. 

The site of recurrence seemed almost equally divided 
between local (abdomen and pelvis) and distant (or 
combined local and distant), no matter the treatment. 
It would be interesting to know the recurrence sites in 
the well-localized unfavorable lesions in the “endo- 
metrial” patients. Also, are there specific cell types with 
identifiable recurrence patterns? 

It would seem that these specific unfavorable cell 
types are “more aggressive” and require more aggres- 
sive management aimed at control of distant metastases 
in a high percentage. Some of the additional compar- 
isons suggested should better answer these questions 
with this large group of control patients evaluated in a 
similar manner. 

Dr. Wason (Closing). Dr. Bakers comments re- 
garding strict pathologic criteria are important. All 
slides were re-reviewed by a pathologist (T. A. G.). 
The histologic classifications used have been pre- 
viously detailed in the literature regarding histologic 


subtypes. All lesions were surgically staged and any - 


additional surgical procedures (after total abdominal 
hysterectomy—bilateral salpingo-oophorectomy) were 
performed at the discretion of the surgeon and based 
on pathologic variables and intraoperative extent of 
disease. Thus the surgical procedures were not stan- 
dardized except for hysterectomy and oophorectomy. 
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All of these carcinomas are thought to be of endo- 
metrial origin. The term “endometrioid” was used to 
attempt to distinguish histologically “standard” or “or- 
dinary” endometrial carcinoma from the unfavorable 
subtypes. The standard term “endometrial adenocar- 
cinoma” encompasses all of the histologic subtypes in- 
cluding “ordinary” endometrial carcinoma, whereas 
“endometrioid” is reserved for ‘those lesions that re- 
semble normal endometrium (with or without squa- 
mous differentiation). No attempt to establish new cat- 
egories is intended. 

Dr. Baker’s comments regarding the small numbers 
in each of the subgroups are most appropriate. The 52 
patients were combined because of the small number 
of patients in each histologic subtype category. Specific 
conclusions are difficult to draw because of the diverse 
nature of adjuvant therapy, creating even more cate- 
gories with small numbers insufficient for detailed sta- 
tistical analysis or conclusions. A Cox regression anal- 
ysis was used for statistical evaluation of the histologic 
subtype as an independent variable and also in the mul- 
tivariate regression analysis. 

-Dr. Wilbanks’ comments regarding the epidemiologic 
feature are appropriate. The slightly older age of pa- 
tients with unfavorable histologic subtypes compared 
with that of patients with standard endometrial carci- 
noma was noted, but other factors such as diabetes and 
hypertension were not evaluated. 

Sites of recurrence were noted because of the fre- 
quent recurrence of disease outside the abdominal- 
pelvic cavity. In Table VII the sites of recurrence are 
noted and unfortunately many of the cases (seven each) 
were classified as abdomen and pelvis or distant with 
an abdominal-pelvic component because of failure in 
several sites simultaneously. Only six cases were clas- 
sified as abdomen alone or pelvis alone, because of the 
relatively infrequent occurrence of isolated recur- 
rences. All percentages with respect to sites of recur- 
rence were calculated with 29 (the number of known 
recurrences) as the denominator. Caution with respect 
to the benefit of pelvic irradiation is urged. Almost half 
(10 of 21) of patients who received pelvic irradiation 
had disease confined to the uterus, whereas a much 
smaller proportion of patients (5 of 21) who received 
other treatment modalities had uterine disease only. 
Thus the more favorable results with irradiation may 
be a reflection of pretreatment selection biases. Simi- 
larly, those patients surviving without adjuvant therapy 
all had stage I disease, so this too may be selection bias. 


Use of serum CA 125 measurement in posttreatment 
surveillance of early-stage endometrial carcinoma 


Bruce Patsner, MD, James W. Orr, Jr., MD, and William J. Mann, Jr., MD* 


Lakeland, Florida, and Stony Brook, New York 


Serum CA 125 levels were normal preoperatively in 123 of 125 (98.4%) patients with clinical and surgical 
stage | or Il endometrial adenocarcinoma, and remained so in all patients who remained without evidence 
of either isolated vaginal recurrence or postoperative radiation enteritis. Recurrent disease developed in 13 
patients. All of those who had pelvic (1), abdominal (4), or pulmonary (2) metastases had elevated serum 
CA 125 levels. None of the six patients with isolated vaginal recurrences had elevated CA 125 levels. Four 
patients had small bowel obstruction as a result of postoperative pelvic radiation, and all had elevated CA 
125 levels during these episodes, although no evidence of recurrent disease was found during exploratory 
laparotomy for intestinal bypass. Serum CA 125 levels may have a role in the posttreatment surveillance 
of patients with early-stage endometrial carcinoma, but may be falsely elevated in the presence of severe 
radiation injury and at a normal level in the presence of isolated vaginal metastases. (AM J OBSTET 


GYNECOL 1990;162:427-9.) 
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The usefulness of the serum CA 125 radioimmu- 
noassay in the management of patients with invasive 
ovarian adenocarcinoma is well established.’ Niloff 
et al.® first reported elevation of serum CA 125 in 
patients with advanced endometrial cancer. Recent 
investigations’ have shown the ability of preopera- 
tive serum CA 125 levels to predict which patients 
with clinically localized endometrial adenocarcinoma 
may have occult extrauterine spread of disease, and 
documented’ the correlation of the serum CA 125 levels 
with regression or progression of advanced or recur- 
rent disease treated with chemotherapy or hormonal 
therapy. 

What is not well defined is the role serum CA 125 
levels should have in the posttreatment surveillance of 
patients with early-stage (I or II) endometrial cancer. 
This article addresses this question. 


Material and methods 


Over a 3-year period from January 1986 to January 
1989, 125 patients referred to either the Division of 
Gynecologic Oncology at the School of Medicine, State 
University of New York at Stony Brook, or the Watson 
Clinic in Lakeland, Florida, were uniformly clinically 
evaluated, surgically staged and treated, and followed- 
up for a period of =12 months before inclusion in the 
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present study. All patients had International Federation 
of Gynecology and Obstetrics (FIGO) stage I or II en- 
dometrial adenocarcinoma on the basis of results of 
fractional dilatation and curettage and FIGO staging 
criteria. All patients underwent abdominal hysterec- 
tomy (simple extra fascial if stage I and type III radical 
if stage II), bilateral salpingo-oophorectomy, bilateral 
pelvic lymphadenectomy, paraaortic lymph node sam- 
pling, and pelvic cytologic washings. Only those pa- 
tients with no evidence of extrauterine disease (surgical 
stage I or II) with negative washings were included in 
the present study. 

Serum CA 125 levels were obtained preoperatively 
and before each follow-up visit every 3 to 4 months, 
and measured against a known reference standard 
with previously described techniques? (Dianon Systems, 
Norwalk, Conn.). Results <35 U/ml were considered 
normal. Results of each serum CA 125 measurement 
were not known before surgery or each clinic visit. Dur- 
ing each follow-up visit patients underwent complete 
history and physical examination including careful pel- 
vic examination with Papanicolaou smear. Chest roent- 
gram was obtained every 6 months. More extensive 
radiologic evaluation (e.g., computerized tomography 
scan or bone scan) was obtained only if clinically indi- 
cated. Most recurrences were biopsy-proved. 

No patient received preoperative radiation therapy 
of any type. Postoperative pelvic radiation was usually 
administered to patients with deep (50%) myometrial 
invasion regardless of tumor grade and to patients with’ 
grade 3 lesions with any degree of myometrial invasion. 
Lesser grades of tumor with lesser degrees of myo- 
metrial invasion were usually, but not always, treated 
with a postoperative vaginal cesium implant. All pa- 
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Table I. Correlation of follow-up status of 
early-stage endometrial cancer with serum CA 
125 measurement 







Serum CA 125 









No. of 
patients 








Clinical status Normal Elevated (U/ml) 


No evidence 112 110 2 (40, 52) 
of disease 
Recurrent 
Vaginal 6 6 0 
Pelvic 1 0 1 (200) 
Lung 2 0 2 (56, 267) 
Abdominal 4 0 4 (161, 195, 
500, 1460) 
TOTAL 125 — — 
Radiation 4 0 4 (74, 220, 
enteritis 331, 493) 
only 





tients had endometrial adenocarcinoma including two 
patients with clear cell type and two patients with pap- 
illary serous tumors. 


Results 


A total of 125 patients with clinical and surgical stage 
I or II endometrial adenocarcinoma were followed up 
in the present study. Of these 112 patients remained 
without evidence of recurrent disease for =1 year (me- 
dian follow-up, 18 months; range, 12 to 36 months), 
and 110 of these patients (98.2%) had normal serum 
CA 125 levels at all times. Two patients (1.8%) had 
slightly elevated serurn CA 125 levels preoperatively 
(40 and 52 U/ml, respectively) despite no evidence of 
extrauterine disease; levels declined to normal post- 
operatively and remained so during subsequent follow- 
up while the patients remained without evidence of 
disease. f SA : 
Recurrent disease developed in 13 patients (10.4%) 
during follow-up. Six patients had isolated vaginal re- 
currence and none of these patients had an elevated 
serum CA 125 level at the time of recurrence; five of 
six cases were diagnosed because of vaginal bleeding 
and one case was diagnosed because of abnormal Pa- 
panicolaou smear results only. The remaining seven 
patients had pelvic (1), abdominal (4), or pulmonary 
_ (2) recurrences, and all had newly elevated serum CA 
125 levels at the time recurrence was noted. Calculation 
of lead time from elevation of serum CA 125 to the 
appearance of clinical evidence of recurrent disease was 
not possible because levels were obtained only at the 
time of each clinic visit (usually every 4 months), and 
not on a monthly basis during the interval between 
clinical and radiologic examinations when recurrence 
was documented. These results are listed in Table I. 
Only four patients who received postoperative pelvic 
radiation had severe, chronic radiation enteritis with 
ensuing partial or complete small bowel obstruction. 
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These four patients were the only radiated patients who 
had elevated serum CA 125 levels during postradiation 
follow-up. Elevated levels appeared with the develop- 
ment of significant partial small bowel obstruction and 
persisted until surgical exploration for planned intes- 
tinal bypass. No evidence of recurrent disease was 
found during surgical exploration of any patient, and 
levels subsequently either returned to normal or de- 
clined significantly postoperatively. One patient also 
had evidence of ascites, which was negative for malig- 
nant cells on cytologic examination and ultimately was 
attributed to radiation therapy. These results are also 
listed in Table I. 


Comment 


Endometrial cancer is the most common pelvic gy- 
necologic malignancy in the United States, and the suc- 
cessful treatment of most patients may be attributed. in 
large part to the high percentage of patients who are 
first seen with early-stage disease. However, not all pa- 
tients with disease clinically confined to the uterus will 
have this confirmed at laparotomy. Preoperative serum 
CA 125 levels have been shown to offer additional di- 
agnostic information that may allow selection of those 
early-stage endometrial cancer patients at high risk for 
the development of recurrent disease.® Similarly, early 
detection of recurrent disease may potentially improve 
our ability to salvage those patients with early-stage 
disease that does recur. 

Because of the generally high cure rates for patients 
with early-stage endometrial cancer, large numbers of 
patients would be required to make any definitive state- 
ment about the precise role routine measurement of 
serum CA 125 should play in the posttreatment sur- 
veillance of such patients or whether routine post- 
treatment surveillance of all such patients is cost- 
effective. Nevertheless, several important points may 
tentatively be made on the basis of our analysis of 125 
patients all carefully and uniformaly staged, treated, 
and followed up: (1) normal serum levels of CA 125 
generally reflect intrauterine disease preoperatively but 
do not preclude recurrent disease postoperatively; (2) 
elevated levels accompany most clinical recurrences 
with the important exception of isolated vaginal vault 
recurrences (hence careful pelvic and cytologic evalu- 
ation cannot be omitted), and (3) elevations of serum 
CA 125 may be a result of radiation injury with bowel 
obstruction and in this situation may not reflect recur- 
rent disease. 

Whether more frequent (e.g., monthly) measure- 
ment of serum CA 125 may provide a lead-time of 
several months before the detection of clinically evident 
disease, as is the case with ovarian cancer,’ is a question 
that may (and should) be answered only by a much 
larger cooperative study that follows up high-risk early- 
stage endometrial cancer patients with more frequent 
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serum CA 125 measurements. Finally, because the 
number of patients with recurrent disease in the pres- 
ent series is relatively small," only a much larger study 
will establish the sensitivity of the CA 125 assay for the 
detection of both clinical and subclinical recurrent en- 
dometrial cancer. 
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Pharmacokinetics of ritodrine administered intravenously: 


Recommendations for changes in the current regimen 
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We define the pharmacokinetics of ritodrine in 13 pregnant women who received the drug intravenously. 
With constant infusion of 50 ug/minute, steady state ritodrine concentrations reached 28 + 11 ng/ml (SD) 
with a range of 15 to 45 ng/ml. This wide variation is a result of differences in plasma clearance, which 
ranged from 1.0 to 3.3 L/min, mean 1.94 + 0.71 L/min. The apparent volume of distribution was 

6.95 + 3,54 L/kg, indicating that ritodrine is extensively bound to extravascular tissue. When an 

infusion of ritodrine is stopped, plasma concentrations fall rapidly initially with a distribution half-life of 

5.9 + 6.0 minutes. After the initial rapid fall, plasma concentrations decrease more slowly with a mean 
disposition half-life of 156 + 51 minutes. On the basis of the pharmacokinetic parameters defined, we 
recommend that the current infusion regimen for ritodrine be changed. The infusion rate of ritodrine should 
start at 50 pg/minute rather than 100 ug/minute. The maximal infusion rate of 350 ug/minute should be 
increased and once labor is inhibited, the infusion rate should be reduced. (Am J OBSTET GYNECOL 


1990;162:429-37.) 
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Ritodrine is the only drug approved by the U. S. Food 
and Drug Administration for inhibition of preterm la- 
bor. Approval in 1980 was gained even though limited 
pharmacokinetic data in pregnant women were avail- 
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able. Kinetic studies after oral and intravenous admin- 
istration were primarily performed in men and non- 
pregnant women,' but such data are unlikely to accu- 
rately reflect ritodrine kinetics in pregnant women. 
Pregnancy is characterized by changes in plasma vol- 
ume, renal blood flow, plasma protein concentration, 
and hepatic function.’ Each of these variables may af- 
fect drug disposition or metabolism, and indeed we 
have shown substantial differences in ritodrine kinetics 
between pregnant and nonpregnant rhesus monkeys.” 
Thus infusion regimens for preterm labor that are de- 
termined on the basis of ritodrine kinetics in nonpreg- 
nant subjects may lead to sae errors. Such errors 
may account for the side effects associated with rito- 
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Table I. Pharmacokinetic parameters of 
ritodrine in pregnant women 


Distribution rate con- 0.240 + 0.120 0.032-0.532 
stant (min!) 
Distribution half life 5.9 + 6.0 1.3-21.7 
(min) 
Volume central com- 
partment 
L 34.8 + 31.4 5.4-124.7 
L/kg 0.55 + 0.50 0.09-1.97 
Apparent volume of 
distribution 
L 440 + 224 121-926 
L/kg 6.95 + 3.54 1.91-14.6 
Volume of distribution 
at steady state 
È 277 + 183 49-772 
L/kg 4.38 + 2.89 0.8-12.2 
Clearancet 
L/min 1.94 + 0.71 1.04-3.3 
L/min/kg 0.031 + 0.011 0.017-0.052 


Disposition rate con- 0.005 + 0.002 0.0031-0.0088 
stant (min7') 
Disposition half-life 


(min) 


156 + 51 79-224 


*n = 13, 
+The blood/plasma ratio for ritodrine is 1.0 (Caritis SN. 
Unpublished observation). 


drine therapy and for some cases of apparent drug 
failure. Ritodrine concentration data during or af- 
ter intravenous infusion to pregnant or postpartum 
women have been reported by several investigators.** 
In most of these studies, insufficient data were obtained 
to define completely the pharmacokinetics of ritodrine. 
Consequently, no substantive change has been made in 
the regimen for intravenous administration of ritodrine 
despite obvious deficiencies. 

The purpose of the present study was to define the 
pharmacokinetics of ritodrine when the drug is ad- 
ministered intravenously to pregnant women in pre- 
term labor. In turn, an optimal infusion regimen based 
on the drug’s kinetics could be proposed. 


Material and methods 


After approval by our Research Review and Human 
Experimentation Committee, we obtained informed 
consent from 16 women in preterm labor who were 
receiving ritodrine intravenously. Ritodrine was ad- 
ministered according to a protocol developed at our 
institution. The infusion was initiated at 50 wg/minute 
and was increased every 20 minutes until labor was 
inhibited, side effects occurred, or a maximal rate of 
350 pg/minute was reached. When labor was success- 
fully inhibited, the labor-inhibiting infusion rate was 
maintained only for 60 minutes. Thereafter, the rate 
was reduced by 50 wg/minute every 30 minutes to the 
lowest rate that would sustain labor inhibition. This 
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maintenance infusion lasted 12 hours. The mainte- 


- nance infusion rate was 50 pg/minute in all but two 


patients in whom it was 100 pg/minute. At 30 minutes 
before the intravenous infusion was stopped, we .ad- 
ministered terbutaline 5 mg orally to all patients; this 
dose was repeated every 4 hours. 

Venous blood (7 ml) was obtained from an indwelling 
catheter once immediately before stopping the rito- 
drine infusion and at 5, 15, 30, 60, 120, 240, and 360 
minutes after the infusion of ritodrine was stopped. 
The blood was collected in heparinized syringes and 
centrifuged promptly at 2500 rpm for 10 minutes. The 
supernatant plasma was frozen at —20° C until ana- 
lyzed for ritodrine concentration by high-performance 
liquid chromatography with electrochemical detec- 
tion.” Terbutaline does not interfere with ritodrine in 
this assay (Caritis SN. Unpublished data). 

Pharmacokinetic parameters were determined from 
the plasma concentration data (see Appendix). Once 
the pharmacokinetic parameters of a drug are deter- 
mined, it is possible to derive an equation that can be 
used to predict drug concentrations at any time during 
or after any infusion rate. We derived a biexponential 
equation for each patient on the basis of her unique 
pharmacokinetic parameters. We also derived an “av- 
erage” equation on the basis of ritodrine pharmaco- 
kinetics of the population of women in this study (see 
Appendix). Data from three women were excluded (see 
Appendix). 

The general form of the biexponential equation was: 


C = K[A(e-*—e-*) + Ble —e-*7)] 


With use of the above equation we could predict plasma 
ritodrine concentrations (C) in any individual in this 
study at any time during or after an infusion of rito- 
drine, irrespective of the infusion rate. The variables 
that change are the infusion rate (K,), time from the 
start of infusion (t), and the time the infusion has been 
off (T). The remaining parameters A, B, a, and B de- 
fine the pharmacokinetics of ritodrine specific for each 
subject (see Appendix). The advantage of using these 
equations is that ritodrine concentrations can be pre- 
dicted minute to minute without the need of intermit- 
tent blood sampling. Further, ritodrine concentrations 
during various infusion regimens can be predicted 
without subjecting the patient to repeated drug infu- 
sions and blood sampling. 

Definitions of parameters used to characterize rito- 
drine kinetics include: steady state concentration is that 
concentration at which the amount of drug infused 
equals the amount eliminated (i.e., rate in equals rate 
out); apparent volume of distribution (Vj) is the volume 
into which a drug appears to be distributed after dis- 
tribution equilibrium is achieved; volume of distribu- 
tion at steady state (VD.„) is the volume into which a 
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drug appears to be distributed at steady state; volume 
of distribution of the central compartment (V,) is the 
apparent volume into which a drug is distributed in- 
stantaneously after drug administration; plasma clear- 
ance is the volume of plasma that is completely cleared 
of the drug in a unit time period; distribution phase 
half-life is the time required for plasma concentration 
to fall by 50% during the distribution phase; disposition 
half-life is the time required for plasma concentration 
to fall by 50% after distribution equilibrium is com- 
pleted. 


Results 


The results are presented in three sections. In the 
first, actual data from measurement of ritodrine con- 
centration are presented with kinetic determinations. 
In the second section we show our ability to predict the 
actual ritodrine concentration by use of the biexpo- 
nential equations, In the third section simulated data 
are presented. 

Ritodrine pharmacokinetics and concentration 
data. Table I summarizes the pharmacokinetic param- 
eters of ritodrine in the 13 women studied. Each of 
these parameters varies widely. Ritodrine has a distri- 
bution half-life of 5.9 minutes, indicating that the drug 
is rapidly distributed to extravascular sites. Thus 
plasma concentrations will fall rapidly after an infusion 
is stopped. For the subjects in this study, the central 
compartment volume was 34.8 L, the apparent volume 
of distribution was 440 L, and the volume of distri- 
bution at steady state was 277 L. These large volumes 
indicate that ritodrine is extensively bound to extra- 
vascular tissues. Ritodrine in plasma is cleared rapidly, 
primarily by hepatic conjugation to sulfates and gluc- 
uronides.'' Because hepatic blood flow averages 1.5 
L/minute in human beings,” the 1.94 L/minute clear- 
ance of ritodrine indicates that the drug is probably 
cleared both by hepatic and nonhepatic routes. Al- 
though plasma is rapidly cleared of ritedrine, 156 min- 
utes (2.6 hours) is required for the concentration of 
ritodrine to be reduced in plasma by half (disposition 
half-life). This is a result of the reequilibration of the 
drug between plasma and extravascular sites. As rito- 
drine in plasma is eliminated, the ritodrine in extra- 
vascular sites will move to the plasma to maintain equi- 
librium. 

The importance of the pharmacokinetic parameters 
‘in Table I is more easily appreciated by comparing 
steady state concentrations in women receiving the 
same maintenance infusion. Of the 13 subjects in this 
study, 11 received a maintenance infusion of 50 
ug/min for at least 12 hours. Thus, by the end of the 
infusion, plasma concentrations would have been near 
or at steady state. The steady state concentration in 
these women was 28 + 1] ng/ml (mean + SD) witha 
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Fig. 1. Ritodrine concentration immediately before and after 
discontinuation of ritodrine infusion (n = 11). All subjects re- 
ceived infusion rate of 50 .g/minute for >12 hours. First data 
point obtained just before infusion stopped. Subsequent val- 
ues were obtained after infusion was stopped. Values are 
mean + SD. 


range of 15 to 45 ng/ml. This wide variation in steady 
state concentration existed despite identical infusion 
rates. Steady state concentration is determined by di- 
viding the infusion rate by the plasma clearance. In- 
asmuch as the infusion rate was 50 g/min in all 11 
women, the wide variation in steady state concentration 
is attributable entirely to the variation in clearance 
(Table I). Correction of the infusion rate for body 
weight or surface area did not reduce the variability in 
steady state concentration. 

Fig. 1 depicts the mean (+SD) steady state concen- 
tration in these 11 women just before the infusion was 
stopped (i.e., 28 + 11 ng/ml) and the change in con- 
centration once the ritodrine infusion was stopped. The 
concentration decreased rapidly (distribution phase), 
falling 34% in 5 minutes and 61% within 60 minutes. 
Over the last 5 hours of the study the ritodrine con- 
centration decreased additionally by only 29% (dispo- 
sition phase). 

Comparison of actual and predicted ritodrine con- 
centration data. The pharmacokinetics of a drug are 
similar during an infusion and after an infusion is dis- 
continued. By substituting the kinetic parameters of 
each subject into the formula described previously, one 
can predict plasma concentrations in that subject at any 
time during or after any infusion rate. 

Fig. 2. depicts three sets of ritodrine concentration 
data. One member of each set represents actual mea- 
surement of ritodrine concentration. The second mem- 
ber of each set represents concentration data predicted 
by the biexponential equations described in the Ap- 
pendix. The first set of data (A) are average concen- 
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Fig. 2. Comparison of ritodrine concentration predicted by 
biexponential equation (open squares) and actual measured con- 
centration (solid squares). A, Compares mean concentration 
data immediately before and for 6 hours after discontinuation 
of ritodrine infusion in 11 women who received an infusion 
of 50 pg/minute for 212 hours. B and C, Similar comparisons 
in two individual cases. 


360 


tration data of 11 subjects who received a maintenance 
infusion of 50 pg/minute for at least 12 hours before 
the infusion was stopped. Ritodrine concentration was 
determined just’ before the ritodrine infusion was 
stopped and seven times in the 6 hours after the in- 
fusion was stopped. The other two examples (B and C) 
are data obtained from individual patients. In each set 
it is clear that concentration data predicted by the for- 
mula accurately predict the actual ritodrine concentra- 
tion. Although only three sets of data are depicted in 
Fig. 2, all other data sets were comparable. A point-by- 
point comparison between actual ritodrine concentra- 
tion measurements and predicted concentrations (i.e., 
eight data points on each of 13 subjects) showed a mean 
(+ SD) difference of only 1.3 + 1.4 ng/ml. 

Simulated ritodrine concentration data. The data in 
this section are based on simulated concentration data 
obtained by use of the biexponential equations de- 
scribed in the Appendix. Fig. 3 depicts the ritodrine 
concentrations expected during an infusion of 50 


February 1990 
Am J Obstet Gynecol 


ng/ml 





0 240 480 720 


MINUTES 


Fig. 3. Ritodrine concentrations predicted by biexponential 
equation during constant infusion of ritodrine of 50 pg/ min- 
ute to 13 pregnant subjects. Data for each subject based on 
individual pharmacokinetic data. 


ug/minute for 12 hours to each of the 13 women in 
this study. The estimated concentrations are based on 
each subject’s kinetic parameters. The rate of rise of 
the ritodrine concentration and the steady state con- 
centrations vary widely between subjects despite iden- 
tical infusion rates. The predicted steady state concen- 
tration in the 13 women in Fig. 3 varies from 15 to 45 
ng/ml. 

The time required to achieve steady state during a 
constant infusion is determined by the half-life of the 
drug. Generally, the duration of infusion must exceed 
four to five half-lives before a steady state is reached. 
Fig. 4 depicts the mean (+SD) time and number of 
half-lives required to achieve steady state in the 13 sub- 
jects. Because the steady state concentration varied sub- 
stantially in the 13 subjects, we expressed the data in 
Fig. 4 as a percentage of the final steady state concen- 
tration. The half-life of ritodrine in these 13 women 
averaged 156 minutes. Therefore, plasma concentra- 
tions approached steady state after four half-lives or 
approximately 600 minutes. Because of the biexpo- 
nential kinetics of ritodrine, the rate of rise of the 
plasma concentration is more rapid initially. After 10 
minutes of a constant infusion, plasma concentrations 
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were 35% of the final steady state concentration. After 
20 minutes, 43% of steady state concentration was 
reached. After 156 minutes (one half-life) plasma con- 
centrations were 75% of the steady state concentration. 

The variability in steady state concentration during 
identical infusion rates (Figs. | and 3) indicates that 
among subjects, substantially different infusion rates 
are necessary to achieve a given plasma concentration. 
In Fig. 5 we show the impact of the variability of drug 
-kinetics in four women with the infusion regimen for 
ritodrine currently recommended by the manufac- 
turer. In the example we arbitrarily selected a concen- 
tration of 80 ng/ml as the desired target concentration. 


Such a concentration is within the range required to — 


inhibit labor.'* We depict the concentration profiles of 
the two women with the slowest (A and B) and the two 
with the most rapid (C and D) ritodrine clearance rates. 
In each case, the infusion is initiated at 100 pg/minute 
and increased by 50 pg/minute every 10 minutes until 
a concentration of 80 ng/ml is reached. In the women 
with the slowest clearance (A and B), the desired con- 
centration is reached rapidly with infusion rates of only 
200 and 150 pg/minute, respectively. In the two women 
with rapid clearance ‘rates (C and D), the desired con- 
centration is not reached even after 2 hours at the max- 
imal rate of 350 pg/minute. The highest steady state 
concentration achievable with an infusion rate of 350 
p.g/minute in each of these two women is 105 and 112 
ng/ml, respectively. The rate of rise of the ritodrine 
concentration is very rapid in women with slow clear- 
ance rates and very slow in women with high clearance 
rates. If side effects such as chest pain or shortness of 
breath are related to the rate of rise of the ritodrine 
concentration, the women with the slowest clearance 
rate are at greatest risk. Women with rapid clearances 
may never reach therapeutic concentrations with the 
currently recommended maximal infusion rate of 350 
pg/ minute. 

Slow clearance is not the only factor that may lead 
to side effects and high plasma concentrations. We have 
previously suggested that once labor inhibition is 
achieved, the ritodrine infusion rate should be de- 
creased to the lowest rate that sustains inhibition." '* 
In the following example, we provide a pharmacologic 
basis for our suggestion. We used the averaged biex- 
ponential equation derived from the kinetic parameters 
of all 13 subjects in this study. 


Fig. 6 depicts ritodrine plasma concentrations during - 


the infusion regimen recommended by the manufac- 
turer and the one in use at Magee-Womens Hospital, 
University of Pittsburgh. In this hypothetical example 
we assumed that labor is inhibited when the plasma 
concentration of ritodrine exceeds 80 ng/ml. It is un- 
likely that labor is suddenly inhibited in such a fashion 
but the concept is useful for the evaluation of various 


Kinetics of ritodrine administered intravenously 433 


. 1007 











Lu 

< 

me 75 

o) . 

> 

A 50 

<x , 

= 25 _ HALF-LIVES 
v) 1 2 3 4 5 
M a 

a 0 240 480 720 


MINUTES 


Fig. 4. Plasma ritodrine concentration (expressed as percent 
of steady state concentration) during constant infusion. Du- 
ration of infusion expressed in minutes and in number of 
half-lives. Half-life of ritodrine was 156 minutes. Values are 
mean + SD of 13 subjects. Concentrations predicted by bi- 
exponential equation based on individual pharmacokinetics. 
Data are applicable irrespective of infusion rate. 


infusion regimens. With the standard regimen, the in- 
fusion begins at 100 4g/minute and is increased by 50 
»g/minute every 10 minutes. The infusion must be 
increased to 300 .g/minute and maintained at that rate 
for 8 minutes before the desired labor-inhibiting con- 
centration is reached. In the standard regimen, once 
labor is inhibited, the infusion is maintained at the 
labor-inhibiting rate for 12 hours. The ritodrine con- 
centration will continue to rise to a peak of 168 ng/ml, 
more than twice the concentration required to inhibit 
labor. 

In the hypothetical case in Fig. 6, if one uses the 
protocol at the University of Pittsburgh (see Material 
and methods section for infusion protocol), the maxi- 
mal infusion rate reaches 250 ug/minute before the 
desired labor-inhibiting concentration is reached. Hov- 
ever, after 60 minutes the infusion is reduced by 50 
ug/ minute. After another 30 minutes, the rate is again 
reduced by, 50 pg/minute. An infusion rate of 150 
»g/minute maintains the plasma concentration above 
the 80 ng/ml necessary to sustain labor. After 12 hours 
infusion at 150 w.g/ minute, the ritodrine concentration 
is only 84 ng/ml. Thus labor-inhibiting concentrations 
(80 ng/ml in this case) are, on average, exceeded by 
110% with the standard regimen but by only 5% with 
the regimen at the University of Pittsburgh. In the clin- 
ical arena, uterine contractility serves as the end point 
to which the ritodrine infusion is titrated rather than 
plasma concentration in the example above. With either 
end point, ritodrine concentrations will be excessive 
unless the infusion rate is reduced once the desired end 
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Fig. 5. Plasma ritodrine concentration predicted during currently approved infusion regimen. Rito- 
drine infusion initiated at 100 .g/minute and increased every 10 minutes until concentration of 80 
ng/ml reached or maximal rate of 350 ug/ minute achieved. Each curve based on pharmacokinetics 
of individual subjects; two with slowest ritodrine clearance (A and B) and two with most rapid 
clearance (C and D). Numbers in parentheses indicate maximal infusion rate (ug/minute) required 
to achieve desired concentration. Arrows indicate time that maximal infusion rate was reached. 


point is reached. With the regimen used at the Uni- 
versity of Pittsburgh the total dose of ritodrine and the 
rate of rise of plasma concentration are substantially 
less than that with the infusion regimen that the man- 
ufacturer currently recommends (Fig. 6). In many 
cases, the maximal infusion rate will also be reduced 
with our regimen. The slower rate of rise of the rito- 
drine concentration with the Magee-Womens Hospital 
regimen is unlikely to adversely affect the rapidity of 
labor inhibition. The desired therapeutic concentration 
is reached in 50 minutes with the standard regimen 
and 105 minutes with the Magee-Womens Hospital reg- 
imen. In the example above, we used an equation based 
on the averaged kinetic parameters of the 13 women 
in the study. The pharmacokinetic principles above 
still apply although in individual patients the rate of 
rise of the plasma concentration, the steady state 
concentration, and the degree that labor inhibiting— 
concentrations are exceeded will vary. 


Comment 


We defined complete ritodrine kinetics in pregnant 
women. We applied these kinetic parameters to clini- 
cally relevant situations and now we can make recom- 
mendations with regard to intravenous infusion regi- 
men for ritodrine. 

The kinetic parameters described in this article are 
not easily compared with other studies for several rea- 
sons. First, data in our study were obtained in pregnant 


subjects, whereas most other studies have been per- 
formed in men, and nonpregnant and postpartum 
women. Comparison of our data with those of others 
is also difficult because of differences in assay methods 
(high-performance liquid chromatography versus ra- 
dioimmunoassay) and differences in kinetic modeling 
(one- versus two- versus three-compartment models), 

The parameter least likely to be influenced by model 
selection is the clearance and therefore the steady state 
concentration of ritodrine during a constant infusion. 
In this series of patients an infusion rate of 50 
wg/minute resulted, on average, in a steady state 
plasma concentration of 28 ng/ml. This is similar to 
the average steady state concentration of 21 ng/ml ob- 
tained in a previous study of 10 pregnant women from 
this institution.” VanLierde et al.° and Smit! reported 
steady state ritodrine concentration similar to those re- 
ported by us. Thus, irrespective of model or assay 
method, a constant infusion of ritodrine (50 pg/min- 
ute) leads to an average steady state concentration of 
approximately 28 ng/ml. We and VanLierde et al. have 
reported that, in clinical doses, the steady state ritodrine 
concentration rises linearly with increasing infusion 
rates.” " 

The variability in ritodrine steady state concentration 
and plasma clearance reported in this study (40%) and 
others? is not unusual. For example, cyclosporine has 
even greater variability in its kinetic parameters than 
does ritodrine.’® The variability in ritodrine clearance 
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is likely a result of differences between subjects in he- 
patic blood flow or hepatic metabolic activity because 
the drug is cleared primarily by the liver. The elimi- 
nation half-life of ritodrine in this study was 156 min- 
utes. Holleboom et al. estimated the elimination half- 
life of ritodrine to be 50 + 20 minutes in pregnant 
women. However, the method of estimating half-life 
was based on a single-compartment model, which un- 
derestimates half-life considerably when in reality a 
two-compartment model is more suitable. 

We showed in rhesus monkeys that the pharmaco- 
kinetics of ritodrine differ substantially in pregnant and 
nonpregnant animals.* Similarly, differences exist be- 
tween pregnant and nonpregnant women. Compared 
with nonpregnant women, pregnant women have a 
higher clearance rate (1.9 versus 0.5 L/minute) a larger 
central compartment (0.55 versus 0.26 L/kg), and a 
much shorter disposition half life (2.6 versus 6.1 
hours).'’ In view of these large differences, current 
drug administration regimens are likely to lead to dos- 
ing errors because they are based on the pharmaco- 
kinetics of ritodrine in nonpregnant subjects. We can 
now make recommendations to improve the infusion 
regimen on the basis of the kinetic information we ob- 
tained in pregnant women. As with any medication, a 
philosophy of administering as little drug as necessary 
to achieve a clinical response appears reasonable, par- 
ticularly in view of the potential for serious side effects 
with ritodrine use. Our data clearly show a wide vari- 
ability in plasma concentration in women who receive 
similar infusion rates. In view of this variability, wide 
latitude in infusion rates is necessary. The approach of 
titrating the infusion rate to the degree of uterine ac- 
tivity and patient tolerance appears sound. However, 
the current method of titration and the management 
of the infusion rate once labor is inhibited require mod- 
ification. 

Because side effects such as chest pain, shortness of 
breath, and vomiting may be related to the ritodrine 
concentration or the rate of use of ritodrine concen- 
tration,” we suggest starting the ritodrine infusion at 
50 pg/minute rather than 100 pg/minute. This accom- 
modates women with low ritodrine clearance rates such 
as those in this study whose plasma concentrations with 
an infusion of 100 pg/minute would rise rapidly and 
plateau at 90 ng/ml. Infusion rates <50 pg/minute 
could be used initially but in our experience side effects 
are uncommon with this infusion rate. If significant side 
effects are observed with an infusion rate of 50 
gg/minute, the infusion should be stopped and reini- 
tiated at a lower rate (e.g., 25 wg/minute). 

The maximal infusion rate of ritodrine recom- 
mended currently is 350 pg/ minute. In several women 
with rapid clearance rates in the present study, con- 
centrations >90 ng/ml would not be reached for many 
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Fig. 6. Predicted ritodrine concentrations during standard in- 
fusion regimen (STANDARD) and infusion regimen used at 
University of Pittsburgh Magee-Womens Hospital (MWH). 
Ritodrine infusion rate increased according to individual reg- 
imens until plasma concentration of 80 ng/ml reached. 


hours. If one desires to reach relatively high labor- 
inhibiting concentrations within | to 2 hours, infusion 
rates as high as 700 pg/minute may be necessary in 
occasional patients. Such high infusion rates need only 
be maintained for a short time until labor is inhibited. 
In our experience, the labor of a vast majority of pa- 
tients will be inhibited with infusion rates of <350 
ug/minute. Experience also suggests that the risk of 
unrecognized chorioamnionitis or abruptio placentae 
is substantial in women whose contractions persist de- 
spite receiving high ritodrine infusion rates. In view of 
the well-documented risks associated with high infusion 
rates, infusion rates >350 pg/minute should be limited 
to patients with persistent labor whose heart rate is not 
rapid (e.g., <110 beats/minute) and in whom there is 
no evidence of chorioamnionitis or abruptio placentae. 
If maternal heart rate is rapid, this provides indirect 
evidence that plasma concentrations are sufficiently 
high to stimulate B-adrenergic receptors. In such cases, 
the inability to inhibit labor is not a result of low plasma 
concentrations of ritodrine. 

Kinetic and clinical data clearly indicate that the in- 
fusion rate of ritodrine should be reduced once labor 
is inhibited. We'* ' and others‘ suggested this because 


- plasma concentrations of any drug administered intra- 


venously as a constant infusion will continue to rise for 
four to five half-lives. Inasmuch as the half-life of rito- 
drine is 2.6 hours, approximately 10 or more hours 
must elapse before steady state is reached. We showed 
in this study (Fig. 6) that with the use of the currently 
recommended ritodrine infusion regimen, ritodrine 
concentrations can exceed by 110% on average those 
required to inhibit labor. The risk of an overdose is 
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even greater if infusion rates >350 wg/minute are 
used. Reduction of the infusion rate once contractions 
are inhibited can keep the plasma concentrations at the 
level that was required to initially inhibit labor. In two 
studies at the University of Pittsburgh in which the “step 
down” approach was used, not a single case of pul- 
monary edema occurred in 150 women receiving in- 
travenous B-agonist therapy.'* ? When labor does re- 
cur, the infusion is increased until contractions are 
again inhibited and the step down approach is re- 
peated. 

After labor is inhibited, we empirically maintain that 
infusion rate for 1 hour before beginning the reduction 
in infusion rate. This interval appears to be reasonable. 
The plasma concentration exceeds the theoretical labor 
inhibition contraction only to a small degree as indi- 
cated in Fig. 6. If the infusion rate necessary for labor 
inhibition would be maintained longer, plasma concen- 
trations would exceed therapeutic concentrations to a 
greater degree. ; 

The following changes in the ritodrine infusion are 
supported by the data from this study: (1) the infusion 
rate should be started at 50 .g/minute rather than 100 
ug/minute; (2) the maximal infusion rate should ex- 
ceed 350 pg/ minute; and (3) the infusion rate should 
be reduced after labor has been successfully inhibited. 
Recommendations with regard to the remaining com- 
ponents of the ritodrine infusion regimen cannot'be 
made without additional clinical studies. Four areas that 
require evaluation are: (1) How rapidly should the in- 
fusion rate be increased initially? (2) How rapidly 
should the infusion rate be decreased once labor is 
inhibited? (3) How long should the maintenance in- 
fusion be maintained? (4) What is the lowest mainte- 
nance infusion rate that should be used? 

The popularity of B-adrenergic receptor agonists 
such as ritodrine has decreased substantially in recent 
years. The high incidence of side effects and apparent 
short-lived effectiveness of these agents is mainly re- 
sponsible. In part, some of the negative aspects of 
f-adrenergic receptor agonist therapy is attributable to 
an absence of precise pharmacologic data in pregnant 
women. Both the safety and efficacy of ritodrine can 
be improved if the intravenous regimen for adminis- 
tration is modified to reflect the kinetics of the drug in 


pregnancy. 
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Appendix 


Ritodrine concentration data from each patient were 
fitted to a two-exponential equation of the form 
(C = Re-* + Se~®) with the NONLIN program (Sta- 
tistical Consultants, Inc., Lexington, Ky.). This is an 
iterative program that provides the best fit of the 
ritodrine concentration-time data by nonlinear least 
squares regression analysis. The correlation coefficient 
for the 16 subjects was 0.989 + 0.010, indicating an ex- 
cellent correlation between the actual and “fitted” con- 
centration data. All patients received a constant mainte- 
nance infusion of >12 hours. Because the disposition 
half-life of ritodrine in this study is 156 minutes (har- 
monic half-life, 138 minutes), we considered as negligi- 
ble the contribution of the initial infusion where the 
infusion rate was changing frequently until labor was 
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inhibited. NONLIN analysis of data just before and af- 
ter termination of the ritodrine infusion provide esti- 
mates of R, S, a, and B. From the values of R and S, 
other kinetic parameters such as A and B were calcu- 
lated according to standard methods.” Data from three 
women were excluded from further analysis because 
the disposition rate constant (B) was >6 SD from the 
mean of the remaining 13 subjects. The plasma clear- 
ance in these three cases was similar to those of the 
remaining 13 subjects so their exclusion did-not alter 
the conclusions of this study. From the pharmacokinetic 
parameters estimated for each patient, an equation of 
the form below was developed for each patient to pre- 
dict the entire time course of the drug. 


C = Kf[A(e"—e-™) + Ble"*—e87)] 


where A = (Ka — a)/ Vala - P) and B= (pp - 
Ka) V Bla — B). 
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The symbols used in the equation are defined as 
C = ritodrine concentration (ng/ml), K, = infusion 
rate (ng/min), Ka = intercompartmental transfer rate 
constant (0.0116087 min ~'), a = distribution rate con- 
stant (0.2403 min™'), B = disposition rate constant 
(0.00502 min™'), t = time from the start of infusion 
(minutes), T = time after end of infusion (minutes), 
V, = volume of distribution of central compartment 
(34,825 ml). l 

In addition to the individual equations that describe 
ritodrine pharmacokinetics for individual patients, we 
derived an average equation by averaging the individ- 
ual coefficients (A and B), exponents (a and B), and 
other constants (Kə, and V.). Average values for these 
parameters from the 13 patients in this study are in- 
dicated above in parentheses. 


A study of combined continuous ethinyl estradiol and 
norethindrone acetate for postmenopausal 


hormone replacement 


Steven R. Williams, MD, Barbara Frenchek, RN,* Theodore Speroff, PhD, and 


Leon Speroff, MD* 
Cleveland, Ohio 


In a blinded, prospective, dose-response pilot study of continuous estrogen-progestin replacement therapy, 
77 thin, nonsmoking, white women, who were 12 to 60 months postmenopausal and had normal medical 
histories, were randomly assigned to receive one of five dose combinations of daily ethinyl estradiol and Í : 
norethindrone acetate (20 ug and 1.0 mg, 10 ug and 1.0 mg, 10 pg and 0.5 mg, 5 pg and 1.0 mg, and 

5 wg and 0.5 mg) or conjugated estrogens 0.625 mg on days 1 to 25 and medroxyprogesterone acetate 
10 mg on days 16 to 25. An additional 10 women meeting the same criteria served as a comparison group 
by taking calcium only. During 12 months of therapy, continuous users had significantly less vaginal 
bleeding and spotting than did sequential users. As compared with baseline values, bone metabolism and 
computerized tomographic measurements of vertebral trabecular bone density at month 12.indicated 
reduced bone turnover and increased density in hormone users. Endometrial biopsy specimens were 
negative for hyperplasia and neoplasia. The continuous ethinyl estradiol—norethindrone acetate tablet, 
even at the lowest doses studied, provided the same salutary effects on bone, endometrium, and 
postmenopausal symptoms as sequential therapy while minimizing annoying vaginal bleeding and spotting. 


(Am J Osstet Gynecot 1990;162:438-46.) 


Key words: Menopause, estrogen replacement therapy, osteoporosis 


The major benefit of estrogen replacement. therapy 
for postmenopausal women is protection against car- 
diovascular disease, an effect that may be mediated by 
alterations in lipid metabolism.’ Estrogens also arrest 
the progression of postmenopausal osteoporosis and 
reduce the incidence of fractures.*° The addition of 
progestins in a sequential manner to the estrogen re- 
placement regimen provides protection from estrogen- 
induced endometrial cancer and may improve bone 
metabolism.”"* There is concern that the addition of a 
progestational agent may counter the protection of es- 
trogen against cardiovascular disease. It is important 
to ascertain what progestin dose is beneficial without 
contributing adverse effects. 

Unfortunately, sequential estrogen-progestin ther- 
apy also has a high incidence of side effects, including 
monthly bleeding and premenstrual complaints.” 
These problems have stimulated the evaluation of 
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continuous combination hormone replacement thera- 
py."*® This approach has been successful in reducing 
the side effects of sequential estrogen-progestin ther- 
apy, but its impact on osteoporosis and lipid metabolism 
is just now being evaluated. 

The primary purpose of this study was to investigate 
various doses of a continuous combination estrogen- 
progestin formulation on symptoms of menopause, en- 
dometrium, lipids, and bone metabolism in a group of 
women at risk for osteoporosis and to compare contin- ' 
uous combination therapy with conventional sequential 
estrogen-progestin treatment. Results from this pilot 
study are intended to guide the planning for a large, 
multicenter clinical trial. 


Material and methods 


Advertisements in Cleveland newspapers requested 
postmenopausal women to volunteer in a study of es- 
trogen replacement. Approximately 150 respondents 
were screened by telephone interview according to 
these inclusion criteria: (1) 12 to 60 months had passed 
since natural menopause (time since last menstrual 
bleeding); (2) they were white or Oriental; (3) they were 
within 10% of ideal body weight for height and frame 
(Metropolitan Insurance Company standards); (4) they 
had not received hormonal therapy for the last 3 
months; (5) they did not smoke; (6) their medical his- 
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Table I. Treatment schedule 


Group n Treatment* 


A: Calcium onlyt 10 No hormone re- 

f placement 

Conventional combi- 
naticn therapy: 
Conjugated equine 
estrogens 0.625 mg 
days 1-25 and me- 
droxyprogesterone 
acetate 10 mg days 
16-25 

Daily ethinyl estradiol 
20 pg and noreth- 
indrone acetate 1.0 
m 

Daily ethinyl estradiol 
10 ug and noreth- 
indrone acetate 1.0 
mg 

Daily ethinyl estradiol 
10 ug and noreth- 
indrone acetate 0.5 


B: Sequential 12 


C: 20/1 Continuous 12 
D: 10/1 Continuous 14 
E: 10/0.5 Continuous 13 


mg 

Daily ethinyl estradiol 
5 wg and norethin- 
drone acetate 1.0 


F: 5/1 Continuous 14 


mg 

Daily ethinyl estradiol 
5 pg and norethin- 
drone acetate 0.5 
mg : 


G: 5/0.5 Continuous 12 


*All patients received 1000 mg calcium carbonate daily. 
{Participants who refused hormone therapy. 


tories were negative for carcinoma, hypertension, di- 
abetes mellitus, disease of the liver, gallbladder disease, 
heart or vascular system diseases, alcoholism, and cor- 
ticosteroid therapy. These criteria were designed to se- 
lect a sample of women who were at risk for osteopo- 
rosis and were homogeneous in factors related to me- 
tabolism of estrogen. Ninety-five women were eligible 
to participate in the study. These women were invited 
to undergo a thorough baseline evaluation, which in- 


cluded a history, physical examination, electrocardio- . 


gram, mammogram, endometrial biopsy, and routine 
blood chemistry tests. Eight other women were ex- 
cluded; all of the remaining 87 women who met the 
inclusion criteria gave informed consent to participate 
in the study, as approved by the Investigational Review 
Board of the University Hospitals of Cleveland. 
Rather than exclude the 10 women who did not wish 
to take hormones, we decided to administer calcium 
carbonate, 1000 mg daily (Os-Cal 500 b.id., Marion 
Laboratories, Kansas City, Mo.), and undertake follow- 
up of these women. They formed a self-selected 
“calcium-only” group (group A) and had the same de- 
mographic characteristics and medical surveillance as 
the other participants. Along with the 1000 mg daily 
dose of calcium carbonate, the remaining 77 women 
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Table I. Studies done during the 12-month 
observation period 


Study Months of therapy 


History, physical examination, and 0, 12 
mammography 
Symptom analysis 
By diary 1,2 
By interview 0, 2 
Endometrial biopsy 0, 1 
Bone activity 
Bone Gla, alkaline phospha- 
tase, calcium, phosphorus 
Urine sampling 0, 1, 6, 12 
Quantitative computerized to- 0, 12 
mography of lumbar spine 
Lipid metabolism 
Total cholesterol, triglycerides, 
and lipid fractions 





, 4, 6, 8, 10, 12 
2 


0, 1, 6, 12 


0, 2, 6, 12 





were randomly allocated to receive either sequential 
estrogen-progestin therapy or one of five dose com- 
binations of continuous therapy (Table I). The latter 
six groups (B through G) constituted the principal focus 
of the study. 

In the women receiving sequential therapy, the study 
could not be blinded because they were required to 
take two pills daily with a cyclic schedule (group B). 
With continuous therapy (groups C through G), women 
consumed a single tablet of ethinyl estradiol and nor- 
ethindrone acetate. Although aware of membership in 
the continuous treatment group, participants and in- 
vestigators were blinded to dose. Throughout the 


- study, data excerpters and those performing laboratory 


and radiologic measurements remained completely 
blinded to group membership. 

Data collection included a history, physical exami- 
nation, electrocardiogram, mammography, and infor- 
mation on menopausal symptoms, endometrial histo- 
logic features, bone activity, and lipid metabolism. Base- 
line data were obtained (0 months of treatment), and 
thereafter measurements were done according to the 
schedule outlined in Table II. 

During the baseline interview, women reported du- 
ration of menopause, frequency of hot flushes (number 
per day), and incidences of vaginal bleeding and spot- 
ting. Participants were instructed to record their symp- 
toms daily in a diary. After the first 2 months of treat- 
ment, data on menopausal symptoms were assessed by 
interview only. 

Endometrial biopsies were performed by the inves- 
tigators (S. W. and L. S., blinded to group membership) 
at 0 and 12 months with the women under paracervical 
block anesthesia, by Vabra suction curettage (Berkeley 
Medevices Inc., Berkeley, Calif.). Women randomized 
to sequential therapy underwent biopsy between cycle 
days 21 and 25. All tissue samples were fixed in for- 
malin, labeled for blinding purposes, and then inter- 
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Table III. Summary of patient characteristics 
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Group A Group B 
(n= 10) | (n= 12) 





























Corporation, Tarrytown, N.Y.). Total cholesterol was 


Age ; 
Mean 53.8 53.1 52.0 52.0 53.6 52.4 52.8 - 52.8 
Range 50-57 48-58 47-57 37-58 47-58 48-59 42-58 ` 37-59 
Weight (Ib) l i 
Mean 132.6 130.7 136.3 140.9 136.0 131.9 136.7 135.1 
Range 121-150 106-154 112-164 103-165 103-171 96-169 112-163 96-171 
Height (in) . : 
Mean 63.8 64.7 64.7 65.4 65.0 63.7 65.0 64.6 
Range 61-65 60-68 59-69 61-68 ` 62-68 55-69 60-68 55-69 
Postmenopausal duration . 
(mo) i 
Mean 31.1, 28.1 27.9 28.4 37.8 33.9 36.2 $2.0 
Range 16-51 12-59 15-53 13-45 15-59 16-54 12-59 12-59 
Hot flushes (No./day) : . 
Mean 3.0 7.1 8.9 5.6 8.4 7.3 5.6 6.6 
Range i 0-5 1-15 0-20 1-20 0-12 1-25 1-16 0-25 
Duration (mo) i 
Mean 41.3 31.8 21.8 36.6 36.3 48.1 48.8 -38.0 
Range 2-105 12-92 7-45 2-188 6-59 7-117 1-116 1-188 
Drop outs (n) 0 4 1 l 2. 4 1 13 
Table IV. Mean lipid values after 12 months over time. Hounsfield numbers were obtained and cal- 
of treatment i Í cium hydroxyapatite content was calculated with the 
Calcium CIRS data graphic correlation. The scan technique 
only Continuous used 96 kV and 150 mA. Values for LI, L2, and L3 
(Group A) (Groups C-G) were averaged, yielding a coefficient of variation of 
Total cholesterol 1.5% to 2.0%. 
Baseline value 214.2 198.4 997.6 Blood specimens for serum total cholesterol, low- 
(mg/dl) density lipoprotein (LDL), high-density lipoprotein 
% Change a rae 230 (HDL), very-low-density lipoprotein (VLDL), triglyc- 
p Value 0.003 0.061 0.072 Ea VEIY OW y “pop gy 
HDL-cholesterol i erides, total alkaline phosphatase, phosphorus, and to- 
Bado value 66.2 65.3 66.3 tal calcium were collected by venipuncture the morning 
% ee e 0.5 -~0.2 —0.8 after an overnight fast, into Vacutainer serum separator 
p Value 0.45 0.89 0.13 tubes (Becton-Dickinson, Rutherford, N.J.). Plasma 
LDL-cholesterol specimens for bone Gla protein (osteocalcin) were col- 
Baseline value 132.7 112.8 135.4 lected int d V; : bes. Pl ds 
(mg/dl) ected in citrated Vacutainer tubes. Plasma and serum 
% Change . 3.1 3.2 -0.4 were separated by centrifugation after 30 minutes was 
p Value 0.011 0.093 0.51 allowed for clotting. The serum alkaline phosphatase, 
Triglyceride hosoh Atotal calci f d 
Baseline value 76.7 80.1 110.4 phosphorus, and total calcium assays were performe 
(mg/dl) the morning of collection with the Sequential Multiple 
% Change 2.2 8.3 2.0 Analyzer with Computer (SMAC) system (Technicon 
p Value 0.46 0.0001 0.12 


preted by attending pathologists of the University Hos- 
pitals of Cleveland. 

At baseline and after 12 months of treatment, par- 
ticipants underwent quantitative computerized tomog- 
raphy of the trabecular portion of L1-3 vertebral 
bodies. A Siemens DR3 system (Siemens AG, Iselin, 
N.J.) and the CIRS model 4 lumbar simulator (Com- 
puterized Imaging Reference Systems, Norfolk) were 
used. This phantom uses a solid resin reference plug 
rather than the liquid reference material used in the 
Genant phantom, making it less susceptible to variation 


estimated by the SMAC Liebemann-Burchard reaction 
and triglycerides by the SMAC lipase method. HDL 
cholesterol was precipitated by magnesium and dex- 
tran, then assayed in the CoBas Bio centrifugal 
analyzer (Roche Diagnostics, Nutley, N.J.). LDL cho- 
lesterol was calculated by the formula: LDL = Total 
cholesterol ~ HDL — Triglycerides/6.25. 

Plasma for Gla protein analysis was frozen at 
~ 70° C and stored until completion of the study, when 
it was measured by Dr. C. Christiansen in Denmark, 
utilizing a radioimmunoassay with an antibody raised 
in rabbits to calf bone Gla protein." 

Urine samples were collected the morning after an 
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Months of Treatment 


Fig. 1. Reduction in hot flusi frequency. Compared with women on a calcium-only regimen, women 
receiving sequential estrogen-progestin (group B) achieved statistically significant suppression 
(p < 0.05) of hot flush frequency after 8 months of treatment. The women on a regimen of com- 
bination continuous therapy (groups C through G) showed a significant reduction (p < 0.05) by the 


second month of treatment. 


overnight fast and after 48 hours of avoidance of gel- 
atins and soups. Participants were instructed to void 2 
hours before the appointment, drink approximately 24 
ounces of tap water, then collect the urine specimen at 
our office. Assays for urinary calcium and creatinine 
were performed the morning of collection, while ali- 
quots for measurement of hydroxyproline were frozen 
at — 30° Cand stored until the end of the study. Urinary 
creatinine was assayed by a colorimetric method that 
used the Jaffe reaction of a CoBas Bio centrifugal ana- 
lyzer. The urinary calcium level was determined by the 
Hitachi 705 calcium method. Urinary hydroxyproline 
assays were run at the completion of the study using a 
cation exchange resin and a colorimetric method. 

‘Where appropriate, data were transformed to more 
closely fit a Gaussian distribution. Statistical analyses 
used were Student’s £ test, analysis of variance, analysis 
of covariance, and Fisher’s exact test. Within-group 
changes were studied both by repeated measures of 
analysis of variance and by transformation to percent 
change over time. 


Results 


All 87 women who participated in the study were 
white with a mean age of 52.8 years, mean weight of 
135.1 pounds, and mean height of 64.6 inches (Table 
IHI). The average postmenopausal curation was 32 
months, with an average of 6.8 hot flushes per day 
experienced over an average of 38 months. There were 
no statistically significant differences among groups in 
duration since menopause before study entry, number 
of hot flushes, duration of hot flushes. diet, or level of 
exercise. 


Thirteen women dropped out over the 12-month 
observation period (Table III). The screening mam- 
mogram for one participant receiving the combination 
10/0.5 (group E) was read as suspicious. Before study 
entry, a surgical consultation was obtained. A 3-month 
follow-up mammogram was recommended and sub- 
sequently led to needle biopsy that revealed carcinoma 
in situ. A diagnosis of superficial thrombophlebitis led 
to the withdrawal at 1 month of a woman receiving the 
combination 20/1 (group C). A venogram for this par- 
ticipant was negative for deep venous thrombosis. 
Three women receiving sequential treatment (group B, 
at 3, 6, and 7 months of treatment) and one woman 
receiving combination 5/1 (group F, at 1 month of ther- 
apy) withdrew from the study because of vaginal bleed- 
ing. Other reasons cited for withdrawal were consti- 
pation (two combination 5/1 (group F) users after 1 
and 2 months), nausea (one sequential, group B user 
after 1 month), depression (one combination 10/1, 
group D user after 2 months), viral pneumonia (one 
combination 5/0.5, group G user after 3 months), cho- 
lelithiasis (one combination 10/0.5, group E user after 
11 months), and being tired of participation (one com- 
bination 5/1, group F user after 3 months). After with- 
drawals were excluded, the various groups remained 
similar in demographics (age, weight, height), in du- 
ration since menopause, and in their experience of hot 
flushes. For the findings reported below, dropouts were 
excluded from analyses. 

As shown in Fig. 1, the average number of hot flushes | 
per week declined over time. Although the calcium- 
only group demonstrated a decline, this was not statis- 
tically significant, in contrast to the decline noted with 
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Fig. 2. Vaginal bleeding (enough to necessitate use of tampons or pads) with sequential (n = 8 at 
12 months) and continuous (n = 56 at 12 months) estrogen-progestin therapy. 
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Fig. 3. Unscheduled vaginal spotting (bleeding not necessitating sanitary protection) with sequential 
(n = 8 at 12 months) and continuous (n = 56 at 12 months) estrogen-progestin therapy. 


all hormonal treatment groups. The groups differed, 
however, in their rate of decline of hot flushes. Women 
using a continuous estrogen-progestin regimen (groups 
€ through G) had an earlier reduction in their fre- 
quency. of hot flushes when compared with women us- 
ing the conventional sequential estrogen-progestin pro- 
gram (group B). Compared with women who received 
only calcium (group A), women receiving sequential 
estrogen-progestin (group B) did not achieve a statis- 
tically significant (p < 0.05) suppression of hot flushes 
until 8 months of treatment, while the women on a 
regimen of continuous therapy showed a significant 
reduction (p < 0.05) by the second month of treatment. 
The variation around the mean was minimal and sim- 
ilar in all groups. Reduction in frequency of hot flushes 
was accompanied by improvements in vaginal dryness, 
dyspareunia, depression, insomnia, and fatigue. The 


number of women initially reporting these symptoms, 
however, was insufficient to perform statistical analyses 
for comparison among the groups. 

As shown in Figs. 2 and 3, all treatment groups re- 
ported vaginal bleeding (defined as enough bleeding 
to necessitate use of tampons or pads) and spotting 
(bleeding not necessitating sanitary protection) in the 
early months of therapy. As mentioned above, three 
sequential users (group B) withdrew because of vaginal 
bleeding, and after 12 months all eight remaining se- 
quential users were still reporting vaginal bleeding and 
spotting. Only one continuous user withdrew because 
of vaginal bleeding; after 12 months none of the con- 
tinuous users was bleeding and only four of 56 were 
reporting spotting. After 12 months the difference 
in bleeding and spotting between sequential and con- 
tinuous users was significant by Fisher’s exact test 
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Fig. 4. Change in computerized tomographic bone density after 12 months. All groups using hor- 
mones had a statistically significant increase, and there was a tendency for a dose-response rela- 
tionship with estrogen. The increase seen with calcium only was not statistically significant. 


(p < 107°). Furthermore, the spotting reported by con- 
tinuous users varied across the groups and thus was 
not related to dose. 

The endometrial biopsy specimens revealed no cases 
of hyperplasia or neoplasia. At 12 months four se- 
quential users had secretory endometrium and one se- 
quential user had mixed secretory-proliferative activity. 
The remaining three sequential users had inactive en- 
dometrium or insufficient tissue for diagnosis. One 
continuous user had secretory endometrium (combi- 
nation 20/1) while 43 continuous users had inactive 
endometrium or insufficient tissue for diagnosis. Three 
women in the continuous therapy groups (one each in 
groups C, D, and E) were found to have endometrial 
polyps in the 12-month biopsy specimens, although 
none was found in the screening biopsy specimens. His- 
tologically, both stromal and glandular elements of the 
polyps were benign in appearance. Only one of the 
three women with endometrial polyps (group C) re- 
ported vaginal spotting. A total of 18 subjects did not 
undergo screening biopsy because we were unable to 


pass a uterine sound. For the same reason 12 of these | 


women could not undergo biopsy at the end of the 
observation period. These subjects were evenly distrib- 
uted among the treatment groups. 

At baseline, there were no differences among the 
groups in bone density (p = 0.61). After 12 months, 
the bone densities of the women taking calcium only 
(group A) remained unchanged (p = 0.47). Use of 
estrogen-progestin, regardless of the regimen, in con- 
trast to calcium only, was associated with an increase in 
bone density (p = 0.005) (Fig. 4). All doses of contin- 
uous combination therapy, even the lowest combination 
‘dose of 5/0.5 (group G), produced a significant gain in 
bone density, (p = 0.001). The gain in bone density 


corresponded directly with the dose of estrogen (Fig. 
4); however, analysis of the dose-response relationship 
was limited by the small sample sizes. The increase in 
bone density and tendency for a dose-response rela- 
tionship was replicated in analysis of covariance, ad- 
justing for baseline bone density and for duration since 
menopause. l ; 

There were no differences among groups in baseline 
values for serum phosphorus, serum alkaline phos- 
phatase, bone Gla protein, urinary calcium/creatinine 
ratio, or hydroxyproline/creatinine ratio. For serum 
calcium group A (calcium only) had a lower baseline 
level than the baseline values for estrogen-progestin 
users (p = 0.033). After 12 months the serum calcium 
level increased significantly in group A (p = 0.043) but 
did not change over time for the sequential (p = 9.69) 
and continuous (p = 0.40) estrogen-progestin users. At 
12 months there were no group differences (p = 0.26). 

Serum phosphorus values decreased from baseline 
in women receiving continuous therapy (p = 0.0001) 
but not in those women receiving sequential (p = 0.91) 
or calcium-only (p = 0.33) treatment. The continuous 
users differed from both sequential users (p = 0.042) 
and calcium-only users (p = 0.001) in magnitude of 
change from the baseline. Bone Gla protein and serum 
alkaline phosphatase did not change from baseline val- 
ues for the calcium-only users (p = 0.98 and p = 0.28, 
respectively), but both decreased significantly in all 
estrogen-progestin groups (p = 0.0001). The decline 
in Gla protein (about 66% from baseline) and in al- 
kaline phosphatase (about 9.6% from baseline) was the 
same for sequential therapy as for continuous estrogen- 
progestin treatment (p = 0.76 and p = 0.96, respec- 
tively). All groups experienced a decline in urinary hy- 
droxyproline/creatinine ratio (p < 0.05), and there 
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were no differences between calcium-only (group A) 
users and hormone users (groups B through G). The 
urinary calcium/creatinine ratio anaya yielded i incon- 
sistent results. 

At baseline, the continuous therapy and calcium- 
only groups did not differ in either total choles- 
terol (p = 0.41) or LDL-cholesterol (p = 0.83). Com- 
pared with the calcium-only group and continuous 
estrogen-progestin users, the sequential estrogen- 
progestin users had both significantly lower total 
cholesterol (p = 0.014) and significantly lower LDL- 
cholesterol (p = 0.025). There were no group differ- 
ences, at baseline, for HDL-cholesterol (p = 0.88) or 
triglycerides (p = 0.14). After 12 months the calcium- 
only group showed an increase in total cholesterol 
(p = 0.003) and LDL-cholesterol (p = 0.011) but no 
change in HDL-cholesterol (p = 0.45) or triglycer- 
ides (p = 0.46) (Table IV). The sequential estrogen- 
progestin users tended toward an increase in total cho- 
lesterol (p = -0.061), LDL-cholesterol (p = 0.093), and 
triglycerides (p = 0.001), but HDL-cholesterol re- 
mained the same (p = 0.89). In contrast, the contin- 
uous users tended toward a decrease in total cholesterol 
(p = 0.072), while HDL-cholesterol (p = 0.13), LDL- 
cholesterol (p = 0.51), and triglycerides (p = 0.12) re- 


mained without significant change. The changes in total: 


cholesterol and. LDL-cholesterol experienced by the 
continuous users differed from those experienced by 
the sequential estrogen-progestin users (p = 0.019 and 
p = 0.029, respectively); group differences in HDL- 
cholesterol ( = 0.19) and triglycerides (p = 0.09) 
were not significant. - 

There were no significant changes or group differ- 
ences observed in blood pressure or body weight. In 
addition, there were no clinically significant effects on 
the hematopoietic system, electrolytes, renal function, 
fasting blood glucose, mammography, or Papanicolaou 
smear. 


Comment 


We were aware of the limitations imposed by the size 
of our treatment groups; however, this pilot study was 
intended to guide dosage development in preparation 
for a large multicenter trial. We believe we have suc- 
ceeded in demonstrating the clinical potential of a new 
combination formulation. Symptoms of the menopause 
were sensitive to all hormonal treatments tested. Hot 
flushes fell in number after 2 months in all treatment 
groups, but the continuous- therapy users improved sig- 
nificantly faster than the sequential users. Similar im- 
provements were observed in other symptoms char- 
acteristic of the menopause. 

A most impressive finding of our study is the reduced 
vaginal bleeding reported by women using continuous 
therapy. In most continuous users bleeding and spot- 
ting stopped by 6 months of therapy while all women 
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randomized to sequential therapy continued to expe- 
rience bleeding and spotting at 12 months and 25% 
quit the study because of it. This reduction in bleeding 
would improve patient comfort and could improve 
compliance with hormone replacement programs. 

The endometrial histologic characteristics of contin- 
uous users reflected the lack of bleeding with generally 
atrophic findings. The discovery of three endometrial 
polyps in the continuous therapy group is of concern. 
While no other study of continuous therapy has found 
an increase in polyps, this problem must be carefully 
monitored as none were found in the 83 baseline and 
control biopsy specimens. 

When compared with calcium ‘supplementation 
alone, estrogen-progestin replacement therapy for the 
postmenopausal woman provides protection from os- 
teoporosis. The preventive effect associated with con- 
tinuous therapy appears to be dose-related and can be 
just as strong as that seen with sequential therapy but. 
carries with it fewer side effects in the form of vaginal 
bleeding and leads to impressive atrophy of the en- 
dometrium. 

„It is well known that estrogen is capable of slowing 
the progression of postmenopausal osteoporosis, an ef- 
fect that is lost on discontinuation of therapy.** Pro- 
gestins also have been shown to exert positive effects 


. on bone density.'? Christiansen et al.” demonstrated that 


sequential estradiol and norethindrone acetate in- 
creased forearm bone mineral content during the first 
three years of treatment. Later, they” reported an in- 
crease in bone Gla protein during estrogen-progestin 

phase of a sequential schedule. The elevation of this ` 
marker of bone formation suggested that combination 
therapy uncoupled bone formation from resorption, at 
least during the first 2 months of therapy.” We did not 
confirm this theory as bone Gla protein, alkaline phos- 
phatase, urinary hydroxyproline, and calcium excre- 
tion all decreased in the treatment groups while re- 
maining stable in calcium-only users. These results are 


._ consistent with the elevated Gla protein levels observed 


in patients with osteoporosis.’ Thus our metabolic ev- 
idence reflects the ability of all the estrogen-progestin 
regimens tested to reduce both resorption and for- 
mation, for an overall reduction in bone turnover. Nev- 
ertheless, radiographic evidence of increased bone den- 
sity was found in all treatment groups and was absent 
in calcium- -only users. Perhaps -bone formation oc- 
curred during the early days of hormone replacement, 
as was seen in Christiansen’s first 2 months of sequential 
therapy. Frequent measures of bone indices in the early 
days of continuous hormone replacement therapy com- 
bined with long-term radiologic measurements of bone 
density are- necessary to further analyze this response. 
The lowest-dose tablet used in our study was effective 
in increasing bone density. The minimal dose of ethinyl 
estradiol required to improve bone metabolism previ- 
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ously had been established at 20 yg.” We found that 
combination with norethindrone acetate lowers the 
threshold to at least 5 pg. We are currently designing 
a study that uses lower doses of .both estrogen and 
progestin to find the lowest effective doses and provide 
the statistical power to adequately analyze a dose- 
response relationship. 

Lipid metabolism in the women after 12 months of 
sequential estrogen-progestin therapy was similar to 
the lipid changes in women receiving calcium only; 
levels of both total cholesterol and LDL-cholesterol in- 

. creased. In contrast, after 12 months of continuous 
estrogen-progestin therapy women had lower total cho- 
lesterol with LDL-cholesterol remaining at baseline. 
The women who participated in our study had higher 
HDL-cholesterol levels (mean 66.7 mg/dl) and lower 
total cholesterol levels (mean 221.9 mg/dl) than the 
mean levels at the 50th percentile reported for white 
women at ages 55 to 64 (60 and 244 mg/dl, respec- 


tively)” A common statistical phenomenon, called - 


regression toward the mean, may partially explain our 
results. Women who had lipid values most extreme 


from the “norm” at baseline were likely to have repeat — 


values move in the direction of the norm. It has also 
been noted that measures of lipid metabolism lack suf- 
ficient sensitivity to detect small changes over time. 
As mentioned previously, the current investigation was 
a pilot study comparing continuous with sequential 
estrogen-progestin regimens on clinical manifestations 
after menopause. Our sample did not have sufficient 
size for reliable analyses on lipid metabolism. Our find- 
ings, however, suggest that lower doses of a 19- 
nortestosterone progestin may not have the adverse 
lipid effects reported at higher doses.” We were en- 
couraged by these preliminary results and intend to 
study the effects of continuous ethinyl estradiol— 
norethindrone acetate on lipids in a larger population 
with a greater range of lipid profiles. 

It has been recommended that ethinyl estradiol not 
be considered for postmenopausal hormone replace- 
ment treatment because of its effects on hepatic pro- 
teins.” We postulated that these estrogen-linked prob- 
lems are dose-related and that lower doses might not 
be associated with hepatic effects. Indeed, we have re- 
ported elsewhere that there are no clinically significant 
changes in clotting factors associated with the use of 
the 10 and 5 ug doses of ethinyl estradiol.™ In addition, 
we have studied the renin-angiotensin system in our 
patients. In data currently being prepared for publi- 
cation, renin substrate increased in all treatment groups 
in an estrogen dose-dependent manner, but renin ac- 
tivity was only moderately increased in the 20 and 10 
ug groups and not at all in the 5 wg ethinyl estradiol 
groups. 

In summary, this pilot study found that continuous 
ethinyl estradiol and norethindrone acetate are effec- 
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tive for improving postmenopausal bone metabolism 
and reducing symptoms of the postmenopausal period 
with significantly less annoying vaginal bleeding. These 
effects were found even at the lowest doses studied and 
occurred without adverse effects on lipid metabolism. 
Further investigation is required to determine the im- 
portance of the appearance of endometrial polyps, to 
examine the effect of these medications on lipids in an 
average population, and to establish the lowest effective 
doses. 


We thank the women of the greater Cleveland area 
who are the subjects in this study. We are grateful for 
their positive and enthusiastic spirit of participation. 
We thank Dr. Claus Christiansen, Gostrup Hospital, 
Copenhagen, for the bone Gla protein measurements. 
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The effect of aging on hypothalamic function in 


oophorectomized women 
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To detect age-related changes intrinsic to hypothalamic-pituitary function, we studied plasma gonadotropin 
levels in 12 oophorectomized women ages 27 to 64 years who were not undergoing hormone replacement 
therapy. Blood drawn from an indwelling catheter every 10 minutes for 5 hours was assayed for 
follicle-stimulating hormone, luteinizing hormone, estradiol, and prolactin concentrations. All estradiol levels 
were <20 pg/mi and prolactin values were normal. Mean gonadotropin concentrations, pulse frequency, and 
pulse amplitude were no different in women aged 27 to 49 years as compared with subjects 52 to 64 years 
old. When grouped according to gynecologic age (years since puberty) or years after oophorectomy, 
luteinizing hormone and follicle-stimulating hormone mean concentrations, mean pulse frequency, and 
mean pulse amplitude were comparable to those grouped according to chronologic age. On the basis of 
our findings, lack of response from postmenopausal ovaries to endogenous gonadotropin stimulation is a 
result of primary age-related change in the ovary, not in the hypothalamus. (Am J OssTet GYNECOL 


1990;162:446-9.) 
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It has been shown that transplantation of aged rat 
ovaries into young rats results in resumption of ovarian 
function, suggesting that the primary reproductive de- 
fect related to age in this mammal is located within the 
hypothalamic-pituitary axis.' Oophorectomy produces 
a comparatively lower rise in luteinizing hormone (LH) 
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concentration in older rats than in younger ones. There 
is an elevation of the hypothalamic threshold to neg- 
ative feedback of gonadal steroids, which is age-related 
in the rat.” Although the hypothalamic content of 
gonadotropin-releasing hormone (GnRH) is sufficient 
to maintain basal LH levels in old rats, they lack the 
ability to respond appropriately to positive steroid feed- 
back, possibly because of a defect in the stimulus for 
cyclic GnRH release.* 

The cessation of ovulatory function in women during 


_ perimenopause is associated with a significant rise in 


pituitary gonadotropins. Failure of the ovary to re- 
spond to elevated gonadotropin levels may be because 
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-Table I. Comparison of mean plasma LH and FSH concentration, pulse frequency, and pulse amplitude 
between oophorectomized women on the basis of chronologic age - 












Mean 
gonadotropin 
` concentration 
(ng/ml + SEM) 


Mean pulse 
amplitude 
(ng/ml + SEM) 


Mean age 


LH . 
Group A The 37.7 + 2.6 223 + 37 , 1.17 + 0.21 - 50.6 + 12.9 
Group B 5 57.8 + 2.2 200 + 22 ` 0.80 + 0.18 34.4 + 6.1 
FSH : 
Group A 7 37.7 + 2.6 3678 + 791 - 1.00 + 0.12 ~ 456.0 + 67.0 
Group B 5 57.8 + 2.2 2772 + 359 © 0.92 + 0.15 365.0 + 54.0 


Table II. Comparison of mean gonadotropin concentration, pulse frequency, and pulse amplitude on the 
basis of number of years since menarche (gynecologic age) 
















Mean Mean 
gynecologic gonadotropin Mean pulse 
concentration amplitude 


(ng/ml + SEM) (ng/ml + SEM) 





LH 
Group C a) 21.6 + 1.6 194 + 40 1.16 + 0.27 26.9 + 17.2 
Group D 7 42.6 + 3.2 227 + 28 0.91 + 0.20 37.6 + 5.0 
FSH ' ; 
Group C 5 21.6 + 1.6 3084 + 999 1.0 + 0.17 393 + 75 
Group D 7 42.6 + 3.2 3455 + 510. 0.9 + 0.1 436 + 60 





of a primary age-related change in the ovary. With . 


consideration to the presence of primary and secondary 
follicles frequently observed in pathologic specimens 
from postmenopausal ovaries, a change in the pattern 
of gonadotropin secretion may be equally responsible 
for acyclicity. Therefore a more influential role of the 
hypothalamic-pituitary axis in reproductive senescence 
needs to be considered. No previous attempt has been 
made to correlate the patterns of LH and follicle- 
stimulating hormone (FSH) release with age in oopho- 
rectomized women. : 

Because pulsatile GnRH release is reflected in the 
pulsatile secretion of LH,” we searched for age-related 
changes in hypothalamic GnRH release by a compar- 

‘ison of episodic gonadotropin secretion between 
women in different age groups. To avoid the feedback 
effects of gonadal steroids on hypothalamic-pituitary 
function, the study was limited to oophorectomized 
subjects. 


Material and methods 

Twelve oophorectomized women ages 27 to 64 years 
were selected for study. The women had undergone 
‘oophorectomy 10 months to 2 years before the study 


(3), 2 to 5 years before the study (3), 6 to 10 years before, 


the study (4), and >10 years before the study (2). None 
had taken steroids or other oral medications for =2 


weeks or injectable estrogen for =30 days. All were in 
good health as assessed by routine history and physical 
examination, and all signed consent forms approved 
by the Institutional Review Board of the University of 
South Alabama. After a light breakfast an indwelling 


‘intravenous catheter was placed in the forearm and a 


heparin lock was attached. A total of 5 ml of blood was 
drawn into a heparinized syringe via this catheter every 
10 minutes from 8 aM to | pM. The samples were cen- 
trifuged at 2500 rpm for 10 minutes and the plasma 
was frozen at — 20° C until protein and steroid assays 
were performed. 

. Prolactin and estradiol levels were measured on 
the first and last blood sample from each subject 


' with commercially available kits from Diagnostic Prod- 


ucts Corporation (Los Angeles, Calif.) and Pantex 
(Santa Monica, Calif.), respectively. Plasma LH and 
FSH concentrations were determined by a double an- 
tibody radioimmunoassay* 7 with reagents obtained 
from the National Pituitary Agency, with LER-907 as 
reference standard. The interassay coefficients of vari- 
ation for the LH and FSH assays were 13% and 11%, 
respectively. Samples were assayed in duplicate and all 
samples from a single subject were run in the same 
assay. If the duplicates of a sample had a coefficient of 
variation >10%, the sample was run in triplicate in a 


separate assay. For the purpose of pulse analysis, the 
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Table III. Comparison of mean gonadotropin concentration, pulse frequency, and pulse amplitude on the 


basis of number of years since oophorectomy 













Years since 
oophorectomy 


LH 6 38.8 + 4.0 <5 
i 6 53.3 + 3.9 >5 
FSH 6 38.8 + 4.0 <5 
6 53.3 + 3.9 >5 





(ngiml + SEM) 








Mean 
gonadotropin 


concentration 


Mean pulse 
amplitude 
(ngiml + SEM) 






Pulselhr 


237 + 38 0.8 + 0.1 53.8 + 15 
203 + 30 1.23 + 0.3 33.8 + 5 
3668 + 843 > 1.0 + 0.1 450.0 + 79 
2933 + 529 0.93 + 0.1 386.0 + 49 





intraassay variation was calculated from duplicate sam- 
ples in each separate assay. This ranged from 4.69% to 
5.62% in the LH assays and from 4.24% to 5.27% in 
the FSH assays. 

Pulse analysis was performed with PC-Pulsar adap- 
tation of the Pulsar pulse analysis program.* ® The Stu- 
dent ¢ test was used to evaluate statistical significance. 


Results 


Estradiol levels were <20 pg/ml and prolactin con- 
centrations ranged between 5 and 14 ng/ml in all sub- 
jects. Data obtained from gonadotropin assays were an- 
alyzed according to chronologic age, gynecologic age, 
and the number of years past oophorectomy. 

Chronologic age. Comparisons of mean gonadotro- 
pin levels, pulse frequency, and pulse amplitude be- 
tween group A (7 women ages.27 to 49 years; mean 
age 37.7 years) and group B (5 women ages 52 to 64 
years; mean age 57.8 years) showed the following 
(mean + SEM): group A, LH 223 + 37 ng/ml, LH 
pulse frequency per hour 1.17 + 0.21, and LH pulse 
amplitude 50.6 + 12.9 ng/ml; group B, LH 200 + 22 


ng/ml, LH pulse frequency per hour 0.8 + 0.18, and. 


LH pulse amplitude 34.4 + 6.1 ng/ml (Table I). These 


measurements did not differ significantly between the ` 


two groups. Likewise, ‘there were no differences in 
mean FSH concentration, FSH pulse frequency, or FSH 
pulse amplitude between groups A and B. There was 
no linear correlation between age of the subjects and 
any of the gonadotropin parameters. 

Gynecologic age. To determine the number of years 
after onset of reproductive function to the time of the 
study, the age of menarche was subtracted from the 
subject’s age at the time of the study. This gynecologic 
age was found to have no correlation with mean go- 
nadotropin levels, pulse frequency, or pulse amplitude. 

- When the subjects were divided into two groups on the 
basis of gynecologic age, group C (5 women with gy- 
necologic ages from 16 to 26 years; mean gynecologic 
age 21.6 years) and group D (7 women with gynecologic 
ages from 30 to 50 years; mean gynecologic age 42.6 
years) had similar gonadotropin secretory parameters 
(Table II). 


Years after oophorectomy. Comparison between the 
hormonal parameters of women who underwent oo- 
phorectomy >5 years (ages 38 to 64 years) or <5 years 
(ages 27 to 56 years) before the study is shown in Table 
III. The mean age of the group with recent oopho- 
rectomy (<5 years) was significantly younger than that 
of the other group (38.8 versus 53.3 years). No differ- 
ences between the two groups were found with respect 
to mean concentrations of LH and FSH, pulse fre- 
quency, or pulse amplitude. 

Mean ponderal index was similar in all groups. 


Comment 


On the basis of gonadotropin secretion, aging 
rats exhibit definite alterations in the hypothalamic- 
pituitary axis. Old anestrous rats have lower gonado- 
tropin levels than younger rats and do not have a cyclic ` 
gonadotropin surge." There is still GnRH present in 
the hypothalamus and the pituitary can still respond to 
GnRH, but there is a decrease in nuclear estradiol re- 
ceptors and a concommittant insensitivity to estradiol 
feedback is observed." Although the ovaries of old rats 
may resume cyclic function when transplanted into 
young rats, Sopelak et al.’ showed that a decreased 
number of follicles in these ovaries may limit their abil- 
ity to maintain cyclicity. These studies suggest that age- 
related changes in the rat ovary are accompanied by 
alterations in hypothalamic-pituitary response to ovar- 
ian feedback. 

In a nonhuman primate, as in the rat, the potential 


‘for GnRH synthesis in the hypothalamus of young or 


older rhesus monkeys appears to be similar.” However, . 
in women there is a decline in hypothalamic GnRH 
content with age, apparently related to ovarian function 
because GnRH content of oophorectomized younger 
women is comparable to the levels measured in post- 
menopausal women.'* However the paradoxical in- 
crease in circulating LH in postmenopausal women still 
consists of a pulse frequency that is similar to that of 
cycling women in the follicular phase, approximately 
one pulse every 60 to 90 minutes. Our study also 
confirmed the maintenance of this pulse frequency. 
In contrast to rodents, age-related decline in repro- 
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ductive function in women is thought to be a result of 
declining numbers of follicles and a decrease in the 
sensitivity of remaining follicles to gonadotropin stim- 
ulation. Follicle numbers decrease in ovaries of women 
approaching menopause."* Primordial follicles with ap- 
parently normal oocytes found in postmenopausal 
women suggest a decrease in the sensitivity of those 
follicles to FSH and LH stimulation.” l 

Furuhashi'® compared FSH and LH levels of post- 
menopausal women with those of younger, oophorec- 
tomized subjects in a study with single blood samples. 
Gonadotropin levels in the younger group reached 
higher concentrations within 3 years after castration, 
but by 4 to 9 years after surgery declined to the 
same level as that of the women who were 1 to 3 
years past natural menopause. A possible change in 
hypothalamic-pituitary feedback response was hypoth- 
esized, related to aging or to the time elapsed since 
oophorectomy, but this remains speculative because the 
conclusions were drawn on the basis of the analysis of 
a single blood sample in each subject. 

In summary, the effects of aging on the hypothalamic 
secretion of GnRH in the absence of ovarian steroids 
or peptides, showed no difference in mean gonadotro- 
pin levels, pulse frequency, or pulse amplitude as. a 
function of age or as a function of time elapsed since 
reproductive maturity of the hypothalamic-pituitary 
axis. Nor did the duration of exposure and deprivation 
from ovarian hormones have any effect on hypotha- 
lamic GnRH secretory function, when the comparison 
was made on the basis of time elapsed since oophorec- 
tomy. These observations provide evidence that. the 
GnRH-dependent release of pituitary gonadotropins is 
unchanged with aging per se, indicating that the in- 
herent hypothalamic GnRH pulse mechanism is not 
affected by aging. An increase in pituitary sensitivity to 
GnRH may occur after menopause or castration be- 
cause of the absence of ovarian hormones such as sex 
steroids and inhibin, which are. known to suppress go- 
nadotropin secretion. 

In conclusion, these findings support the concept of 
ovarian failure as the primary determinant of the loss 
of ovarian function with aging in women. 


We thank Allison Henry for her laboratory assistance 
and James F. Gitzen for his advice in the use of the 
personal computer pulse analysis program. 
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Conservative management of cervical pregnancy with 


subsequent fertility 


Kevin E. Bachus, MD,‘ Diane Stone, MD, Bo Suh, MD, and David Thickman, MD? 


Denver, Colorado 


The reported incidence of cervical pregnancies with subsequent fertility is extremely low. We report a case 
managed conservatively that allowed for future fertility, and ultimately the delivery of a viable infant at 
term. The conservative management and a review of the literature are discussed. (Am J OBSTET GYNECOL 


1990;162:450-1.) 


Key words: Cervical pregnancy, ectopic pregnancy 


Cervical pregnancy is a rare form of ectopic preg- 
nancy often presenting clinically as painless vaginal 
bleeding; it is easily confused with the cervical phase 
of uterine abortion. Early recognition of this form of 
ectopic pregnancy can help to minimize the hemor- 
rhagic complications inherent with the evacuation of 
the products of conception. Only by use of clinical and 
sonographic criteria can the diagnosis be made pre- 
operatively, allowing better preparation for treating 
this potential gynecologic emergency. Management of 
this condition by intracervical placement of a 30 ml 
Foley bulb catheter with concomitant use of a cervical 
cerclage for tamponade of postevacuation bleeding is 
described in a patient who wished to retain future fer- 
tility options. Subsequently, she conceived and was de- 
livered of a viable male infant at 37 weeks’ gestation. 
Only 11 viable pregnancies have been reported in 12 
patients subsequent to management modalities other 
than hysterectomy for this condition. With more wide- 
spread use of conservative management, the incidence 
of subsequent pregnancies in patients wishing future 
fertility should increase. 


Case report 

A 41-year-old woman (gravida 2, para 1, living chil- 
dren 0) at 7 weeks gestation was seen for evaluation of 
painless vaginal bleeding of 2 weeks’ duration. Medical 
history was significant for a fetal loss at 30 weeks’ ges- 
tation that was secondary to premature rupture of the 
membranes after removal of a Dalkon Shield. After this 
delivery, a curettage was performed, and the patient 
reported 3 years of subsequent infertility. On initial 
evaluation, the uterus was only slightly enlarged and 
the external cervical os was 1 cm dilated. Ultrasono- 
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graphic examination showed a disproportionately en- 
larged cervix compared with the uterus. Findings com- 
patible with an endocervical gestational sac were seen 
(Fig. 1). These included a thickened echogenic rim sur- 
rounding a fluid collection that contained a focal area 
of increased echoes compatible with a fetal pole. Initial 
B-subunit human chorionic gonadotropin level was 
75,200 mIU/ml with a repeat level 72 hours later of 
65,900 mIU/ml. Hematocrit was 38%. 

After a presumptive diagnosis of cervical pregnancy 
was made, she underwent suction curettage and aspi- 
ration of adherent tissue within the endocervical canal 
with violent hemorrhage ensuing. Because of the pa- 
tient’s desire for future fertility, this hemorrhage was 
controlled conservatively. The closed internal os was 
easily dilated to admit the suction curette, and aspira- 
tion of the endometrium yielded very little tissue. De- 
spite the administration of Pitocin and Methergine and 
use of uterine massage, hemorrhage continued. A size 
26 Foley catheter was inserted intracervically and the 
30 ml balloon was filled resulting in tamponade of the 
bleeding from. the endocervical canal. An immediate 
reduction in the blood loss was noted. Because of the 
persistent blood loss, the Foley balloon was removed 
and a McDonald cerclage was placed with a 2-0 proline 
suture. To prevent cervical necrosis a size 5 Hegar di- 
lator was passed without difficulty after placement of 
the cerclage. When the bleeding continued, the Foley 
catheter was then reinserted and filled to 30 ml with 


- excellent control of bleeding being noted immediately 


with reinflation. 

During the procedure the patient had an ‘estimated 
blood loss of 1300 ml, and postoperative hematocrit 
reached a nadir of 28% after one unit of packed red 
blood cells was given intraoperatively. Five milliliters of 
saline solution was then removed each 24-hour period 
from the intracervical Foley catheter with final removal 
at 72 hours. The cerclage was removed at 96 hours 
without bleeding and the patient was discharged in sat- 
isfactory condition on the fifth postoperative day. Ex- 
amination of the cervix 1 week after discharge revealed 
a well-healed and normal-appearing cervix. Subse- 
quently, 9 months later the patient conceived and was 
delivered of a viable male infant at 37 weeks’ gestation. 
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Fig. 1. Ultrasonographic study of pelvis. A; -Longitidinal image of the pelvis. The cervix (C) is 
enlarged compared with the uterus. Fluid (F) is also noted within the endocervical canal. B, Bladder. 
B, Transverse image of the cervix. The arrow.denotes the fetal pole within an endocervical gestational 
sac. i 


Comment 


Cervical pregnancy is defined as the implantation of 
gestational tissue within the endocervical canal: The 
reported incidence varies between 1:1000 and 1:95,000 
with multiparity and. surgical manipulation of the en- 


dometrium as predisposing ‘factors. Before 1979, di- 


agnosis had been subject to postoperative examination 
of the uterus and cervix since hysterectomy was nec- 
essary in approximately 90% of the cases. In the re- 
maining 10%, conservative management of the hem- 
orrhage after evacuation of the products of conception 
was attempted by various means, including packing of 
the cervical canal, cervical amputation, and ligation of 
the hypogastric arteries or cervical branch of the uterine 
arteries. Since 1979, several authors’? have described 
the use of cervical cerclage and/or an inflated Foley 
catheter intracervically placed to control hemorrhage 
after suction curettage. Similarly, methotrexate has 
been used as a medical means for treating this condi- 
tion. As conservative management evolved, clinical and 
_sonographic criteria supplanted histologic diagnosis of 


this form of ectopic pregnancy. These criteria include. 


disproportionate enlargement of the cervix compared 
with the slightly enlarged uterus, the presence of a well- 
formed gestational sac within the cervix with.only de- 
cidual reaction within the uterus, and an hourglass con- 


figuration to the uterus.. The presence of these findings, - 


would suggest the diagnosis of cervical pregnancy and 
provide the opportunity for conservative management. 

In this case these criteria were fulfilled and as a result 
intraoperative preparation for conservative manage- 


ment was undertaken. By use of a variation of the tech- 


niques described by Reginald et al, a stepwise ap- 


proach with application of-the intracervical Foley bal- 


loon catheter first, followed: by cervical cerclage as an 


adjunctive means to control hemorrhage, was ulti- 
mately successful. This approach was used in an effort 


- to use the least invasive techniques initially followed by 
- cerclage only if Foley catheter tamponade, by itself, was 


unsuccessful. 

Reported maternal mortality. has decreased from 
40% in 1911 to <10% by 1953. With the evolution of 
effective conservative means of treating this surgical 
emergency, maternal mortality has approached zero; 
however, case reports of future fertility have been 


| sparse. To our knowledge, only 11 viable pregnancies 
in 12 patients have previously been reported after con- 

` servative management of a cervical pregnancy. This is 
. likely the result of the low incidence of cervical preg- 


nancies and the large number of cases treated with 
hysterectomy in the past. We stress the importance of 
consideration of a cervical pregnancy in the differential 
diagnosis of bleeding in early pregnancy, as well as the 
importance of ultrasonography in assisting with the di- 
agnosis of this rare form of ectopic pregnancy. With 


` proper preoperative diagnosis, the anticipation and ef- 


fective management of this gynecologic emergency are 


` possible with preservation of reproductive potential as 


exhibited by this patient’s subsequent pregnancy. As 
more cases of effective conservative management of 


- cervical pregnancy accrue, ‘it would appear that this 
: approach should be considered a standard of care in 


those, patients desiring future fertility. 
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Intractable venous sacral hemorrhage: Use of stainless steel 


thumbtacks to obtain hemostasis 


Bruce Patsner, MD, and James W. Orr, Jr., MD 
Lakeland, Florida 


Stainless steel thumbtacks provided the only successful method of controlling massive venous hemorrhage 
encountered during presacral neurectomy. (Am J OssteT GYNECOL 1990;162:452.) 


Key words: Hemorrhage, sacrum, presacral neurectomy 


On rare occasions, hemorrhage from the presacral 
venous plexus derived from the middle sacral veins can 
be life threatening. This may occur during presacral 
neurectomy or sacral colpopexy. Conventional mea- 
sures including cautery, suture ligation, hot packs, hy- 
pogastric vessel ligation, use of an absorbable gelatin 
sponge (Gelfoam) or microfibular collagen (Avitene), 
or packing with bone wax may not be sufficient. The 
use of stainless steel standard American thumbtacks to 
successfully control intractable venous hemorrhage in 
this life-threatening situation has been reported on ab- 
dominoperineal resection in the general surgical 
literature! but not in the gynecologic literature. 


Case report 


C. T. was a 22-year-old gravida 0 patient with lapa- 
roscopically proven endometriosis and intractable dys- 
menorrhea. She was taken to the operating room for 
conservative surgical treatment of endometriosis and 
presacral neurectomy. Although the middle sacral vein 
was initially identified and isolated, several small 
branches of the presacral venous plexus were lacerated 
during attempted blunt mobilization of the nerve 
plexus off the sacral surface, and massive venous bleed- 
ing from the anterior sacrum was encountered. Bovie 
cautery and suture ligation of the presacral fascia 
proved futile. Attempts by an orthopedic surgeon to 
pack the area with bone wax were unsuccessful. A vas- 
cular surgical consultant was able to successfully ligate 
several small bleeding vessels with hemoclips but blood 
loss from those small vessels which had been sheared 
and retracted into the bone was not controlled by pres- 
sure packing with either hot lap packs or hemostatics. 


From the Division of Gynecologic Oncology, Watson Clinic. 

Received for publication April 17, 1989; revised June 13, 1989; 
accepted June 30, 1989. 

Reprint requests: Bruce Patsner, MD, Division of Gynecologic On- 
cology, Watson Clinic, 1600 Lakeland Hills Blud., Lakeland, FL 
33805. 

6/1/15017 


452 


After a 7000 ml blood loss, additional surgical assis- 
tance from a gynecologic oncologist was obtained. By 
maintaining continuous suction and starting at the most 
cephalad portion of the dissection, four large sacral 
basilar vertebral veins were individually identified on 
the anterior sacral surface. Hemorrhage from each was 
stopped by placing a Kelly-loaded standard stainless 
steel thumbtack into each foramen and pressing the 
center of the tack into the bone with the point of the 
Kelly. By maintaining pressure over the lower bleeding 
points and starting at the superior aspect of the dis- 
section, each individual vessel was occluded and ade- 
quate hemostasis was readily achieved. No additional 
sutures, clips, packing, or Gelfoam was required. The 
postoperative course was remarkable only for throm- 
bocytopenia and mild coagulopathy as a result of a 12 
L blood transfusion. 


Comment 


The valveless intrasacral venous plexus has extensive 
collateral venous circulation and numerous perforating 
vessels that exit onto the anterior sacrum. These vessels 
may be injured and retract into the bone if the presacral 
fascia is lacerated, which makes conventional hemo- 
static methods of little use; internal iliac vein ligation 
may even aggravate this hemorrhage. If an attempt to 
break the foramen of the vessel with a blunt instrument 
and pack the vessel with bone wax is unsuccessful, pres- 
sure should be maintained on the bleeding points and, 
proceeding from the superior aspect of the dissection, 
the present technique with stainless steel thumbtacks 
should be used as a life-saving measure.” 
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Short self-retaining trocar sleeves for laparoscopic surgery 


Harry Reich, MD, and Fran McGlynn, CRNP, MS 


Kingston, Pennsylvania 


Problems with currently available trocar sleeves are listed. A second-puncture, lower-quadrant sleeve of a 
special design that eliminates these problems is described: short, self-retaining because of a screw grid on 
its external surface, and without a trap. Suggestions for modification of the umbilical sleeve trocar are 


advanced. (Am J Osstet GyYNecoL 1990;162:453-4.) 


Key words: Trocar sleeves, laparoscopic surgery 


Presently available trocar sleeves serve as a port of 
entry for a number of instruments and maintain pneu- 
moperitoneum with traps or valves. These trocar 
sleeves present many problems for the laparoscopic 
surgeon. 

The lower-quadrant sleeves are too long for free ac- 
cess to pelvic structures with available instruments; i.e., 
the trocar sleeve falls into the operative field and must 
be lifted to open scissors or biopsy forceps when the 
structures directly beneath it are operated on. Slippage 
out of the peritoneal cavity is a concern during intra- 
operative instrument removal and results in additional 
time spent reestablishing the second puncture site. The 
traps or valves interfere with efficient instrument ex- 
change and prohibit the introduction and removal of 
suture material and evacuation of tissue. 

The umbilical sleeve is frequently dislodged from the 
peritoneal cavity during laparoscopic manipulation af- 
ter accumulation of bloody debris on zhe laparoscope. 
Subcutaneous emphysema can occur during laparo- 
scopic manipulation when the umbilical sleeve retracts 
into the subcutaneous space, thereby serving as an in- 
sufflation conduit. 

A second-puncture, lower-quadrant trocar sleeve of 
a special design was developed; it is short, self-retaining 
because of a screw grid on its external surface, and 
without a trap (Richard Wolf, Rosemont, Ill.) (Fig. 1). 
This device has an overall length of 7 cm and an inside 
diameter of 5.5 mm. It was used in more than 400 
procedures and eliminated the listed problems. Once 
placed, its portal of exit stays fixed at the level of the 
parietal peritoneum of the anterior abdominal wall, 
permitting more room for instrument manipulation. 
The shorter length allows for more efficient use of 
currently available instruments. Elimination of the trap 
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Fig. 1. Short self-retaining trocar sleeve to the right of a 
standard-size sleeve. 


facilitates efficient instrument exchange and expansion 
of technique options. With rapid instrument exchange 
and presently available high-flow carbon dioxide in- 
sufflators, valves to prevent loss of pneumoperitoneum 
are not necessary. 
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Reich and McGlynn 


Umbilical trocar sleeves with a screw grid to prevent 
retraction are not presently available but should be in 
the future. These devices will be shorter to offer greater 
control during insertion with a palming technique. 

Advanced laparoscopic surgery requires continual 
modification of current instrumentation to keep pace 
with the explosion of interest and ever-expanding 
scope of practice. Instrument development is just be- 
ginning and beckons the innovator. As more repro- 
ductive surgeons choose the laparoscope as a means of 
surgical access to accomplish a wide range of gyneco- 
logic surgery," ? ease of instrument exchange and in- 
creased options for technique versatility become more 
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critical. The short self-retaining trocar sleeve is a more 
practical laparoscopic tool than those currently mar- 
keted. Self-retention also may be achieved by a variety 
of other means including balloon or malleable metal 
prongs. 
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The outcome of triplet, quadruplet, and quintuplet pregnancies 
managed in a perinatal unit: Obstetric, neonatal, and 


follow-up data 


Ron Gonen, MD, Eli Heyman, MD, Elizabeth V. Asztalos, MD, Arae Ohlsson, MD, 
Lynn C. Pitson, MD, Andrew T. Shennan, MB, and John E. Milligan, MD 


Toronto, Ontario, Canada 


Multifetal gestation is associated with increased frequency of maternal complications and higher perinatal 
morbidity and mortality. The need for contemporary data on the outcome of multifetal gestations is further 
underscored when selective reduction is considered. The present study details the obstetric management, 
neonatal outcome, and follow-up data of 24 triplet, five quadruplet, and one quintuplet pregnancies 
delivered in a perinatal center. The early neonatal mortality rate was 31.6, the late neonatal mortality rate 
was 21, and the perinatal mortality rate was 51.5. Survival to discharge was 93%. The incidence of 
respiratory distress syndrome was 43%, bronchopulmonary dysplasia 6%, retinopathy of prematurity 3%, 
intraventricular hemorrhage 4%, and cerebral palsy 2%. Follow-up from 1 to 10 years shows that only one 
child is moderately handicapped, whereas 99% have no significant medical problem. Early diagnosis by 
ultrasonography, meticulous antenatal care, early hospitalization, delivery by cesarean section, and on-site 
availability of a neonatologist for each baby at the time of delivery are the probable major determinants of 


improved outcome. (Am J Osstet GYNECOL 1990;162:454-9.) 


Key words: Triplet, quadruplet, quintuplet, multifetal pregnancy 


The incidence of multifetal gestation (more than two 
fetuses) has increased significantly since the introduc- 
tion of ovulation-induction therapy and in vitro fertil- 
ization and embryo transfer techniques. An increase in 
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the number of fetuses is associated with increased fre- 
quency of maternal complications’? and higher peri- 
natal morbidity and mortality.'* 

The ultimate outcome of multifetal gestation relates 
in part to the number of conceptuses and the quality 
of obstetric and neonatal care. Greater availability of 
diagnostic ultrasonography in the past decade, which 
allows early diagnosis of multifetal gestations, together 
with improved obstetric and neonatal care are expected 
to influence the outcome of these pregnancies, mainly 
by reducing perinatal morbidity and mortality. The 
need for contemporary data on neonatal morbidity and 
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Table I. Pregnancy and delivery data (distribution data are mean + SD) 





Induced ovulation 
Gestation at diagnosis (wk) 
Elective admission 


Gestation at elective admission (wk) 


Maternal hospitalization (wk) 
Tocolysis 

Steroids 

Preterm labor 

Gestation at delivery (wk) 
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Quintuplets 


(n = 1) 

10 (42%) 4 (80%) 1* 15 (50%) 
15 +5 13+5 12 15+6 
16 (67%) 5 (100%) l 22 (73%) 
27+4 2341 21 26+ 4 
544 Wee shee 8 6+4 
7 (29%) 3 (60%) — 10 (33%) 
12 (50%) 5 (100%) 1 18 (60%) 
19 (79%) 5 (100%) 1 25 (83%) 
32.4 +3 30 + 1.2 29 31.8 + 2.9 








*In vitro fertilization. 


mortality in multifetal pregnancies is further under- 
scored by the recently introduced techniques for selec- 
tive reduction of the number of fetuses in multifetal 
pregnancies.® ° When selective termination is consid- 
ered, aside from its ethical and legal implications, hard 
facts with regard to the possible maternal and fetal risk 
from the procedure versus the outcome of multifetal 
pregnancies managed at a tertiary perinatal center are 
necessary. Because a search of the English literature 
did not locate any recently published series on the out- 
come of multifetal pregnancies managed in a tertiary 
care perinatal center we thought it appropriate to un- 
dertake such a study in our center. 


Material and methods 


The University of Toronto Regional Perinatal Unit 
at Women’s College Hospital is a tertiary care perinatal 
referral center serving metropolitan Toronto and the 
central eastern region of Ontario. We reviewed the 
medical records of all multifetal pregnancies delivered 
from April 1, 1978, to March 30, 1988. 

For the purpose of this article we defined multifetal 
gestation as a pregnancy with three or more viable fe- 
tuses =20 weeks’ gestation. The principles of antenatal 
and neonatal management in the unit have been pre- 
viously reported." "° Retinopathy of prematurity was 
graded in accordance with the international classifica- 
tion of retinopathy of prematurity.” Bronchopulmo- 
nary dysplasia was diagnosed in any infant who re- 
quired additional oxygen =30% at =30 days of age with 
chest roentgenogram compatible with bronchopulmo- 
nary dysplasia and no other reason for oxygen ther- 
apy.‘ Early neonatal mortality rate was defined as the 
number of deaths of live-born infants weighing =500 
gm during the first 7 days after birth per 1000 live-born 
infants. Late neonatal mortality rate was defined as the 
number of deaths of live-born infants weighing =500 
gm after >7 and before <28 days after birth per 1000 
live-born infants. Perinatal mortality rate was defined 
as the sum of fetal deaths and first-week neonatal deaths 
(both =500 gm) per 1000 total births. 

Approximately 50% of the infants were followed up 


regularly in our neonatal follow-up clinic. For those 
who were not currently followed up in our clinic, in- 
formation was obtained through direct contact with the 
pediatrician caring for the infant and from the families. 

The results are presented as means + SD or as pro- 
portions when appropriate. 


Results 


During the 10-year period of the study 24 triplet, 
five quadruplet, and one quintuplet pregnancies were 
delivered in the unit. Sixteen (53%) of the mothers were 
referrals from other hospitals. Ovulation induction was 
responsible for 42% of the triplet gestations and four 
of five of the quadruplet pregnancies. The set of quin- 
tuplets was a result of in vitro fertilization and embryo 
transfer. 

Pregnancy management and maternal complica- 
tions (Table I). The number of fetuses was correctly 
diagnosed by ultrasonography in all patients and the 
diagnosis was made at 15 + 6 weeks’ gestation. Two 
thirds of the mothers with triplets, all the mothers with 
quadruplets, and the mother with quintuplets were 
electively admitted to the hospital for bed rest. Elective 
admission for mothers with triplets occurred at 27 + 4 
weeks’ gestation, for mothers with quadruplets at 
23 + 1 weeks’ gestation, and for the mother with the 
quintuplets at 21 weeks’ gestation. The length of hos- 
pitalization was 5 + 4 weeks, 7 + 2 weeks, and 8 weeks, 
respectively. A total of 50% of the mothers carrying 
triplets, all mothers with quadruplets, and the mcther 
with quintuplets were administered weekly doses of 
betamethasone for an average of 4 + 1.5 doses. Ten 
newborns (one set of quadruplets and two sets of trip- 
lets) had endotracheal bovine surfactant instillation at 
birth. An oral tocolytic agent was administered pro- 
phylactically to one mother with triplet gestation and 
to two mothers with quadruplets. An intravenous to- 
colytic agent for treatment of preterm labor with or 
without an oral maintenance dose was used in six of 
the triplet gestations and in one of the quadruplet preg- 
nancies. Treatment was started at 28 + 2 weeks’ ges- 
tation and its duration was 11 + 11 days (range, 1 to 
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Table II. Neonatal outcome and complications 


Triplets Quadruplets Quintuplets 
(n = 70) (n = 20) (n = 5) 
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Birth weight (gm) 1582 + 440 1172 + 229 983 + 124 1443 + 405 
Small for gestational age 12 (17%) 3 (15%) == 15 (16%) 
Congenital anomalies 4 (6%) — — 4 (4%) 
Respiratory distress syndrome 29 (41%) 11 (55%) I 41 (43%) 
5-Minute Apgar score < 7 4 (6%) 2 (10%) 1 7 (7%) 
Sepsis 1 (1.4%) 8 (40%) — 9 (9.5%) 
Bronchopulmonary dysplasia - 3 (4%) 3 (15%) — 6 (6%) 
Retinopathy of prematurity (grades 2-4) 3 (4%) — — 3 (3%) 
Necrotizing enterocolitis — 1 (5%) — 1 (1%) 
Patent ductus arteriosus 9 (13%) 11 (55%) ~ 20 (21%) 
Intraventricular hemorrhage 2/48 (4%) 1/18 (6%) 0/5 3/71 (4%) 
Table III. Vital statistics 
Triplets Quadruplets Quintuplets Total 
(n = 72) (n = 20) (n = 5) (n = 97) 
Stillbirth* : 2 (27.8) 0 0 2 (20.6) 
Early neonatal death} (=7 days 3 (42.9) 0 0 3 (31.6) 
Late neonatal deatht (8-28 days) 0 2 0 2 (21) 
Infant deatht (29 days-Lyear) 2 (28.6) 0 0 2 (21) 
Perinatal mortality* (stillbirths and 
early neonatal death) : 5 (69.4) 0 0 5 (51.5) 
Survival to discharge (%)+ 93 90 100 92.6 


*Figures in parentheses are rates per 1000 births, =500 gm. 


{Figures in parentheses are rates per 1000 live births, =500 gm. 


Percentage of all live births. 


35 days). However, intravenous treatment never ex- 
ceeded 48 hours. 

Preeclampsia or pregnancy-induced hypertension 
occurred in five patients (17%), anemia (hemoglobin 
<10 mg/dl) in three patients (10%), and dyspnea in 
two patients with quadruplets. Hydramnios developed 
in one patient with triplets. 

Labor and delivery (Table I). Seventy-nine percent 
of the mothers with triplets, all mothers with quadru- 
plets, and the mother of the quintuplets showed spon- 
taneous premature labor. Premature rupture of the 
membranes occurred in five triplet pregnancies. All the 
deliveries occurred prematurely, with 47% occurring 
before 32 completed weeks’ gestation. The mean ges- 
tation at birth for triplets was 32.4 + 3 weeks (range, 
25 to 37 weeks), for quadruplets 30 + 1.2 weeks (range, 
28 to 31 weeks), and for the quintuplets 29 weeks. On 
average multiparous women were delivered one week 
later than nulliparous women. All the deliveries were 
by cesarean section except for one triplet pregnancy 
that was delivered vaginally at 25 weeks’ gestation. The 
uterine incision was low transverse in 90% and classical 
in 10% of the mothers. 

Type of placenta. Eighteen of the triplet placentas 
(75%) were trichorionic triamniotic, two (8%) were di- 
chorionic triamniotic, and four (17%) were monocho- 


rionic triamniotic. Four of the quadruplet placentas 
were quadrochorionic quadroamniotic and one was 
monochorionic quadroamniotic. The placenta of the 
quintuplets had five separate chorions. Two of the five 
monochorionic placentas were associated with intra- 
uterine death of one fetus. 

Neonatal outcome (Table II). The 30 multifetal ges- 
tations resulted in 95 live births and two stillbirths. Two 
triplet gestations each included a stillborn fetus. Both 
stillbirths were diagnosed with routine ultrasonography 
at 33 weeks’ gestation. One pregnancy was terminated 
immediately after the diagnosis because of suspected 
intrauterine growth retardation of the live fetuses, and 
the other was terminated 1 week after the diagnosis 
because of signs of fetal distress. The male/female ratio 
was 0.94. The mean birth weight for live born triplets 
was 1582 + 440 gm (range, 500 to 2330 gm), for qua- 
druplets 1172 + 229 gm (range, 810 to 1660 gm), and 
for quintuplets 983 + 124 gm (range, 805 to 1195 gm). 
The incidence of small-for-gestational-age infants was 
16%, and 60% of these had a monochorionic placenta. 
The monochorionic quadruplet gestation was compli- 
cated by interquadruplet transfusion syndrome be- 
tween two fetuses, which necessitated delivery at 31 
weeks’ gestation. All four infants survived.” Of the 
newborns 50% had a 1-minute Apgar score <7 and 7% 
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Table IV. Details of neonatal and infant deaths 
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Case Type of Gestation at W 
no. gestation birth (wk) Neonatal complications 
25 


1 Triplet 

2 Triplet 25 500 
3 Quadruplet 27 1000 
4 Triplet 27 870 
5 Quadruplet 28 880 
6 Triplet 29 1100 
7 Triplet 29 1233 


Table V. Data on ventilatory support 






No. of babies ventilated 48 (69%) 
Duration of ventilation (day) 11+ 19 
Gestation off oxygen (wk) 32.4 + 2 
Gestation off ventilation (wk) 32.7 +2 


had a 5-minute Apgar score <7. Congenital anomalies 
occurred in one stillborn and in three live born infants 
(4%). The stillborn fetus had a double outlet right ven- 
tricle, ventricular septal defect, and overriding aorta, 
whereas one of the surviving siblings had an atrial septal 
defect. One infant born to a 40-year-old mother who 
declined amniocentesis, has Down syndrome and one 
infant has a unilateral multicystic kidney. 

The vital statistics are shown in Table III. The early 
neonatal mortality rate for the entire group was 31.6, 
the late neonatal mortality rate was 21, and the peri- 
natal mortality rate was 51.5. Of the 95 live born in- 
fants, 88 (92.6%) survived to discharge. Details of neo- 
natal and infant deaths are shown in Table IV. 

Neonatal complications (Table II). The incidence of 
respiratory distress syndrome was 43% and no bene- 
ficial effect of maternal administration of betametha- 
sone was noted; however, the study design does not 
allow any conclusions in that respect. Ventilation with 
intermittent positive pressure or continuous airway 
pressure was required in 73% of the newborns (Table 
V). Patent ductus arteriosus was diagnosed in 20 infants 
(21%). Medical treatment resulted in closure of the duc- 
tus in 18 infants and surgical ligation was required in 
two cases. Ultrasonographic examination of the head 
was performed on 71 infants (75%) and 68 (96%) of 
the scans were normal. Two neonates died before ul- 
trasonographic examination could be done and the re- 
maining 22 infants, all weighing =1500 gm, were not 


eight Age at 
(gm) death (day) 
660 l 


Respiratory distress syndrome; 
ventricular tachycardia 
1 Respiratory distress syndrome 
12 Respiratory distress syndrome; 
necrotizing enterocolitis 
Persistent fetal circulation; 
pulmonary interstitial em- 
physema; bronchopulmo- 
nary dysplasia 
13 Respiratory distress syndrome; 
sepsis; pneumonia 
5 Respiratory distress syndrome; 
intraventricular hemorrhage 
grade 1V 
72 Sudden infant death syn- 
drome 














Quadruplets 
(n = 20) 


Quintuplets 
(n = 5) 





16 (80%) 5 (100%) 69 (73%) 
26 + 22 27+ 8 16 + 20 

31.6 + 2.5 29.2 + 0.4 32+ 2 

324 +2 32.2 + 1 32.6 + 2 


Table VI. Medical problems during the 
follow-up period 






No. of infants* 
(N = 84) 


Otitis 1 
Hearing impairment 
Visual impairment 
Myopia 

Hyperopia 

Strabismus 

Reactive airway disease 
Hernia 


Cerebral palsy 


a — 
NOOO WN Nee oo 


_ 
AUAM HN 





*Some infants had more than one diagnosis. Overall, 22 
infants had one or more of these conditions. The infant with 
Down syndrome was excluded. 


tOne infant with mild spastic diplegia and one infant with 
moderate cerebral palsy. 


considered to be at risk for intraventricular hemor- 
rhage. Intraventricular hemorrhage grade III oc- 
curred in a 25-week infant and resulted in cerebral 
‘palsy, and grade IV hemorrhage occurred in a 30-week 
infant who died. One infant had a grade I hemorrhage 
that resolved. Bronchopulmonary dysplasia occurred 
in six infants (6.3%). Retinopathy of prematurity oc- 
curred in three infants; one had a grade II, one had a 
grade III, and one had a grade IV lesion. Necrotizing 
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Table VII. Summary of eight studies on multifetal gestations published in the past decade 














Antenatal 


Author diagnosis (%) 





Daw? 1958-77 14 triplet Vek 
Itzkowic' 1946-76 59 triplet 93 
Michelwitz* 1954-76 15 triplet — 
Ron-EF 1970-78 19 triplet — 
6 quadruplet 9 
Holcberg® 1960-79 31 triplet 55 
Loucopoulos’ 1965-81 27 triplet — 
7 quadruplet — 
1 quintuplet — 
Syrop? 1946-83 20 triplet 80 
Botting? 1975-83 604 triplet — 
41 quadruplet — 
4 quintuplet — 
Gonen 1978-88 . 24 triplet 
{this study) i - 
5 quadruplet 100 
I quintuplet 


enterocolitis occurred in one infant from a quadruplet 
gestation. Neonatal sepsis was diagnosed in nine infants 
(9.5%). All cases were nosocomial infections and none 
was associated with premature rupture of the mem- 
branes. Staphylococcus epidermidis was isolated from 
blood of four newborns, Serratia marcescens from two, 
and group B hemolytic streptococcus, Klebsiella pneu- 
moniae, and enterococcus from one infant each. All in- 
fants were treated with antibiotics, and all but one sur- 
vived. Fifty-five of the infants were discharged home 
and 33 infants were transferred to a level II nursery 
closer to each mother’s home. The former were dis- 
charged after 45 (+35) days in the neonatal intensive 
care. and intermediate care units and the latter after 
30 + 36 days. 

Follow-up. One set of triplets was lost to follow-up 
(the family relocated), so follow-up data were available 
on 85 of 88 infants (97%). One baby has Down syn- 
drome and was excluded; thus we present follow-up 
data on 84 infants. At the time of study 18 infants had 
been followed up for <18 months’ corrected age and 
the rest (79%) for 18 months to 10 years. 

Growth assessment. All three growth parameters (head 
circumference, height, and weight) of 94% of the in- 
fants are between the 5th and 95th percentile. The 
weight of five infants is below the 5th percentile and 
one of them is also below the 5th percentile for height. 

Neurologic assessment. Seventy-two infants (86%) do 
not have neurologic deficit. Ten infants (12%), all of 






Cesarean 
section (%) 







Early 
neonatal 
mortality 

















Author’s 
recommendations 


Perinatal 
mortality 


Gestation 
(wk) 


14 — 216 310 Delivery by ce- 
sarean section 
15 33.5 179 220 Cesarean section 
. <34 wk 
7 34.8 93 133 Delivery by ce- 
' sarean section 
40 34.4 173 185 Tocolysis; cesar- . 
ean section 
32 31.8 238 312 Cesarean sec- 
tion; bed rest 
42 34.8 — 150 Bed rest; early 
admission; 
steroids 
15 33.4 — 216 Bed rest; cesar- 
ean section 
— — 135 164.5 — 
s — 207.5 219.5 ~ 
— — 200 200 _ 
= 39 tee pe s 
97 30 — — — 
— 29 31.6 51.5 — 


whom are >] year corrected age, have mild hypotonia, 
but this finding is considered functional and is ex- 
pected to disappear as the child grows older. One infant 
has a mild spastic diplegia but is able to walk, and one 
infant born at 25 weeks’ gestation has a moderate 
neurologic deficit that includes hypotonia and spastic 
diplegia. | 

Developmental assessment. Sixty-four infants (76%) are 
considered to be normal on developmental assessment. 
The 10 infants with mild hypotonia also have a mild 
delay in gross motor development that is considered 
functional and transient. Seven infants (8%) have a mild 
language delay and two (2%) have a mild delay in cog- 
nitive development. Those findings are also considered 
functional and transient. Only one infant, the one 
born at 25 weeks’ gestation and previously described, 
has a moderate delay in gross motor, fine motor, social- 
adaptive, and language development. 

Medical assessment. The various medical problems di- 
agnosed in this group of infants during the follow-up 
period are listed in Table VI. Sixty-two infants (74%) 
did not have any chronic or significant medical problem 
and 22 infants (26%) have one or more medical prob- 
lems, the most common being reactive airway disease 
(13 infants) and otitis (10 infants). However, except for 
visual impairment as a result of retinopathy of pre- 
maturity in the one moderately affected child, all the 
other diagnoses do not exceed the expected incidence 
among children of the same age. 


Volume 162 
Number 2 


In summary, if we exclude the three infants with 
congenital malformation, our follow-up data show that 
only one of 84 children (1.2%) has a major handicap, 
whereas the remaining 98.8% are developing well with- 
out any significant medical problem. 


Comment 


This study was undertaken to generate contempo- 
rary data on the outcome of multifetal pregnancies 
managed in a tertiary care perinatal center. Table VII 
summarizes eight studies on multifetal gestations that 
we could find that were published in the past decade 
in the English literature. The data in these reports re- 
late to deliveries between 1946 to 1983. The neonatal 
and perinatal mortality in each of these studies is high. 
Early neonatal mortality ranged from 93 to 238 per 
1000 live births, and perinatal mortality ranged from 
133 to 312 per 1000 births. None of these studies in- 
cluded data on long-term follow-up. In contrast, the 
data from the present study show a dramatic improve- 
ment in the outcome of multifetal pregnancies with an 
early neonatal mortality rate of 31.5, late neonatal mor- 
tality of 21, and perinatal mortality rate of 51.5. Fur- 
thermore, follow-up on 84 of the infants for a period 
from | to 10 years show that 75% of them are free 
from any neurologic or developmental handicap; 22% 
have mild functional delay, most of which is expected 
to disappear or improve as the child grows older; one 
infant is mildly handicapped (spastic diplegia); and one 
infant born at 25 weeks’ gestation is moderately hand- 
icapped. It should be noted that among multifetal ges- 
tations, those with a monochorionic placenta constitute 
a subgroup with increased risk for perinatal morbidity 
and mortality. Spontaneous pregnancy. identical gen- 
der, and a single placenta as identified by ultrasonog- 
raphy are risk factors for the presence of a monocho- 
rionic placenta. When possible, cross-section ultraso- 
nographic visualization of the separating membranes 
should be performed and may further contribute to 
the prenatal diagnosis of a monochorionic placenta, 
which warrants even more meticulous antenatal sur- 
veillance. 


Obviously, it is impossible to attempt to attribute the 


more favorable outcome in the present study to a single 
variable because it is certain that multiple factors in the 
management of these pregnancies are responsible for 
this dramatic improvement. However, it seems that the 
major probable determinants of the improved outcome 
include early diagnosis, meticulous antenatal care, early 
hospitalization, frequent and comprehensive evalua- 
tion of fetal well-being, delivery by cesarean section, 
and on-site availability of a trained neonatologist for 
each neonate. Also, with the neonatal complications 
documented, a highly functional neonatal intensive 
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care unit is necessary. Other factors such as the use of 
steroids and tocolytic agents may contribute but our 
data do not allow us to draw any conclusion in that 
respect. Of course, one cannot ignore the significant 
cost of implementing such a management protocol with 
an average maternal hospital stay of 5.4 weeks (from 
admission to delivery) and an average infant stay in a 
tertiary care facility of 40 + 13 days. 

We believe that our data on the ultimate prognosis 
of multifetal pregnancies are of particular importance 
when the option of selective termination in multifetal 
gestation is considered. We do not imply that there is 
no place for this technique; however, we suggest that 
contemporary data on the outcome of multifetal ges- 
tations should be used when the risk and benefit con- 


siderations of selective reduction versus continuation 


of gestations with three to five fetuses are considered 
because with proper management >90% of the new- 
borns will survive and 99% of the survivors will not 
have major handicaps. 
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Oligohydramnios in each sac of a triplet gestation caused by 
Motrin—Fulfilling Kock’s postulates 


Donna A. Wiggins, MD, and John P. Elliott, MD> 
Phoenix, Arizona 


A triplet gestation was treated with Motrin for oral tocolysis. A significant reduction of amniotic fluid was 
observed, but this was corrected by stopping the drug. A cause-and-effect relationship was established by 
restarting the Motrin and observing the same development of oligohydramnios, which again returned to 
normal with discontinuation of the drug. (Am J OastetT GYNECOL 1990;162:460-1.) 


Key words: Oligohydramnios, Motrin, prostaglandin synthetase inhibitor 


Prostaglandin synthetase inhibitors have been used 
as tocolytic agents in patients in preterm labor. Indo- 
methacin is the prostaglandin synthetase inhibitor that 
has been used most frequently in reported series. Be- 
cause of more frequent gastrointestinal side effects with 
indomethacin, Motrin* (ibuprofen) is currently being 
investigated at our institution as an oral tocolytic agent 
under an institutionally approved protocol. A compli- 
cation was documented in one patient and it is pre- 
sented in this case. 


Case report 

A 29-year-old woman, gravida 1, para 0, with a last 
ménstrual period of Jan. 23, 1987, and an expected 
date of confinement of Oct. 31, 1987, was admitted to 
the hospital because of premature labor in a triplet 
gestation at 25 6/7 weeks with documented cervical 
change despite prophylactic oral terbutaline. 

She remained in the hospital at bed rest and was 
placed on a regimen of Motrin 600 mg orally every 6 
hours for tocolysis as part of a research protocol. At 
examination the cervix was 1 cm dilated, 50% effaced, 
and posterior. A biophysical profile score was 8 for each 
fetus (nonstress test not included). 

Two days later contractions increased such that the 
patient required intravenous magnesium sulfate. She 
was weaned from this within 2 days and then placed 
back on a regimen of Motrin. Again, on her seventh 
hospital day, intravenous magnesium sulfate was re- 
quired for tocolysis. When she was weaned off oral 
medications, a regimen of Motrin alternated with ter- 
butaline was utilized. At examination at this time, the 
cervix was I cm dilated, 70% effaced, and posterior. A 
routine ultrasonogram on her twentieth hospital day 
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showed a decreased amount of amniotic fluid in each 
sac (pockets <1 cm). Motrin was discontinued at this 
point. Five days later another ultrasonogram showed 
normal fluid volume for all three fetuses. After dis- 
cussion with the patient she was placed back on a reg- 
imen of Motrin (gestational age now 29 3/7 weeks). 
Four days later an ultrasonogram again showed de- 
creased amniotic fluid. Motrin was stopped and toco- 
lysis was maintained with terbutaline. Adequate am- 
niotic fluid was shown by ultrasonogram 5 days later. 

The patient remained hospitalized and at bed rest 
on a regimen of terbutaline 2.5 mg orally every 4 hours. 
She was given betamethasone weekly during her entire 
hospitalization and was delivered by elective cesarean 
section at 35 weeks’ gestation. Fetal pulmonary maturity 
was documented. 


Comment ` 


The effects of prostaglandin synthetase inhibitors on 
amniotic fluid dynamics are not known. It has been 
postulated that they decrease fetal urine output or act 
on amniotic fluid resorption via the lungs. Prostaglan- 
din synthetase inhibitors also have been shown to in- 
crease fetal respiratory movements. 

Prostaglandin synthetase inhibitors may have vari- 
able effects on renal function, either reducing or not 
significantly affecting renal blood flow, depending pri- 
marily on the concomitant influence of renal vasocon- 
strictors in the renin-angiotensin and/or catecholamine 
systems. Newborns treated with inhibitors of prosta- 
glandin synthetase to close a patent ductus arteriosus 
may experience transient reduction of renal blood flow, 
as evidenced by the acute onset of oliguria and elevated 
serum levels of creatinine and blood urea nitrogen. The 
changes in renal function in newborns have been noted 
to return to appropriate values 1 to 2 weeks after the 
drug i is discontinued. It is believed that a dose-response 
relatonship exists with these drugs. Recently Kirshon 
et al.' reported significant reduction of fetal urine out- 
put measured by ultrasonography in patients in pre- 
term labor treated with indomethacin. However, the 
qualitative ultrasonographic estimates of amniotic fluid 
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volume were found: not to change during short-term 
therapy; and longer periods of exposure may be re- 
quired to lead to significant oligohydramnios. 

The kidney synthesizes prostaglandin E», F,,, and D., 
predominantly in the papilla and medulla. Prostaglan- 
din E, increases water excretion in man and animals; 
this action also is present during fetal life. Indometh- 
acin decreases water excretion by reducing the inhib- 
itory action of prostaglandins on vasopressin while 
vasopressin stimulates prostaglandin production in a 
feedback system. Nephrogenesis in the fetus is not 
complete until 36 weeks’ gestation. It has been pro- 
posed that prostaglandins play a role in renal devel- 
opment of the rat. Structural renal changes have been 
observed in the rat after high doses of indomethacin 
were given for at least 8 days. Long-term follow-up of 
indomethacin-treated human infants has shown no de- 
fects in renal function. 

Indomethacin has been used to inhibit urine for- 
mation in patients with polyhydramnios. Cabrol et al. 
reported the successful treatment of polyhydramnios 
in eight cases. They noted a return to normal amniotic 
fluid volume in these patients. This report shows that 
normal fluid volume also can be affected by prosta- 
glandin synthetase inhibitors, as documented by this 
case, 

Inhibition of prostaglandin synthetase in the perinate 
could potentially result in renal and pulmonary vas- 
cular maladaptation to extrauterine life and in signif- 
icant morbidity or death of the newborn. Although 


First-trimester diagnosis of exencephaly 
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First-trimester diagnosis of fetal exencephaly is reported. Vaginal ultrasonography showed a normal 
volume of fetal brain with abnormal internal anatomy. The diagnosis was confirmed by repeat 
ultrasonography at 14 weeks and at subsequent termination of pregnancy. This is the earliest reported 
diagnosis of exencephaly by prenatal ultrasonography. (Am J Opstet Gynecot 1990;162:461-3.) 


Key words: Neural tube defect, anencephaly, prenatal diagnosis, ultrasonic diagnosis 
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ibuprofen-induced oligohydramnios 


most experience with prostaglandin synthetase inhibi- 
tors has been obtained with indomethacin, ibuprofen 
is used frequently in the pregnant population both be- 
cause of its availability without prescription and for is 
prescribed use as an experimental tocolytic agent. In 
the case presented, ibuprofen was effective as a tocolytic 
agent, but the undesirable effect of oligohydramnios 
was noted. This effect was reversed by discontinuing 
therapy. Kock’s postulates were fulfilled by stopping 
the Motrin and observing the reaccumulation of ame 
niotic fluid. The drug was restarted; oligohydramnios 
was again observed and discontinuation again led to 
reaccumulation of normal amounts of amniotic fluid. 

Prostaglandin synthetase inhibitors have been doc- 
umented to be effective tocolytic agents. This benefit, 
however, must be weighed against potential adverse 
consequences. The oligohydramnios produced by the 
administration of Motrin is rare in our experience and 
in this case reversible, but ultrasonographic examina- 
tion should assess for this possible complication on a’ 
weekly or biweekly basis when a prostaglandin synthe- 
tase inhibitor is used. : 
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It is desirable to diagnose lethal fetal abnormalities: 
as early as possible to minimize parental anguish and 
to reduce maternal morbidity from termination. The 
high-resolution images obtained by vaginal ultrasonog- 
raphy can better visualize the developing fetus. The 
brain of the 10- to H-week fetus contains echolucent 
areas formed by the developing rhombencephation and. 
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Fig. 1. Sagittal view of excencephalic fetus at 10.5 weeks’ gestational age by transvaginal ultraso- 
nography. There is a pulsatile mass of neural tissue with absent cranium (short arrow). The hand 
(long arrow) and the mandible (arrowheads) are shown for orientation, 





Fig. 2. Coronal view of head of exencephalic fetus at 14 weeks’ gestational age. Note the disorganized 
gyri (long white arrows), exfoliating neural tissue (short white arrow), and prominent midline (arrowhead). 
Orbits (black-on-while arrows) and facial features appear normal 
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«the lateral ventricles, as well as a midline falx and cho- 

roid plexus. Absence of this normal anatomy allowed 

“us to diagnose fetal exencephaly at 10.5 weeks’ gesta- 
tional age. 


Case report 

A 4l-year-old white woman, gravida 1, para 0, and 
her 45-year-old, nonconsanguineous husband pre- 
sented at 10.5 weeks from her last menstrual period 
for genetic counseling and chorionic villi sampling. 
There was no significant family history of genetic or 
structural abnormalities. 

Routine transabdominal ultrasonography (GE 3600, 
5 MHz) confirmed gestational age at 10.5 weeks with 
a crown-rump length of 38 mm. The calvarium, the 
choroid, and the echolucent areas usually seen in the 
i fetal brain were not identified. For this reason a vaginal 
ultrasonographic examination was performed (GE 
3600, 5 MHz) to better visualize the anatomy. On this 
examination the brain appeared echo-dense through- 
out, and there was a pulsatile prominance in the area 
of the forebrain. A normal cranium was absent (Fig. 
1). Chorionic villi sampling was performed and re- 
vealed a normal 46,XX karyotype. The findings of a 
cranial abnormality were discussed with the patient and 
her husband, and they elected to return for repeat 
ultrasonographic examination. 

Repeat vaginal ultrasound examination at 14 weeks’ 
gestational age confirmed the original findings. The 
fetal face, heart, kidneys, bladder, stomach, ventral 
wall, and extremities appeared normal. The cranium 
was absent above the occipital bones, which appeared 
flattened and splayed out laterally. The cervical spine 
was widened. Although a normal volume of brain tissue 
was present, the gyri appeared disorganized. Normal 
ventricles and choroid plexus were not identified. Co- 
ronal views demonstrated a prominent midline and two 
echogenic pulsatile protuberances were seen on either 
side (Fig. 2). Fragments of neural tissue could be seen, 
still attached but floating in the amniotic fluid, in the 
process of degeneration. 

Anamniotic fluid sample was obtained transcervically 
at 15 weeks’ gestational age before termination of preg- 
nancy. The a-fetoprotein level was markedly elevated 
at 24 multiples of the median for this gestational age. 
Acetylcholinesterase was present. Visual inspection of 
the abortus confirmed the skeletal findings. 


Comment 
Exencephaly is a rare cranial malformation that is 
related to anencephaly. In both disorders the cranial 






























Exencephaly 463 


bones are absent, and the primary distinction between 
the two is the presence of a large amount of disor- 
ganized brain tissue in the former. It has been shown 
in animal studies that anencephaly can result from ex- 
encephaly, presumably from progressive reduction in- 
the volume of the abnormal brain matter because of 
mechanical or chemical trauma. This same process has. : 
been documented in human fetuses. Why some cases | 
of exencephaly fail to degenerate to the anencephalic — 
phentotype remains unexplained. ; 
The prenatal ultrasonographic appearance of ex 
encephaly has been reported infrequently, Features 
that were previously described and were present in this 
case include a large mass of disorganized cerebral tissue 
without a cranial bony covering, normal facial struc: 
tures, and preservation of the bony base of the skull. 
Notable in this case was the appearance of the neural 
tissue, with disorganized-appearing gyri and sulci and | 
a prominent midline. The pulsatile appearance of the — 
tissue in the forebrain area has not been previously 
shown by ultrasonography; however, it is consistent 
with descriptions of a highly vascular layer of epithe- < 
lium, the area cerebrovasculosa, covering the exen- 
cephalic hemispheres. The diagnosis of exencephi 
has previously been made by prenatal ultrasonogra y 
in the second and third trimesters. pir 
First-trimester diagnosis of exencephaly and: other ; 
anomalies is clearly possible, especially with thë help ofo 
vaginal and other high-resolution ultrasonographic. 
probes. However, caution is warranted. The fetal cra- 
nium is not completely calcified before 10 to 11 weeks’ 
gestational age; therefore findings other than absent 
calvarium should be sought. In this case a normal vol- 
ume of disorganized brain tissue that was imaged sug- 
gested the diagnosis." * 
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Demonstration of Fabry’s disease deposits in placenta _ 


Subhash Popli, MD, David J. Leehey, MD, Zelma V. Molnar, MD, PhD, 


Zeenat M. Nawab, MD, and Todd S. Ing, MD 


Hines and Maywood, Illinois 


Involvement of the placenta by glycosphingolipid deposits in Fabry’s disease has not been previously 
reported. We describe the presence of such deposits in the maternal half of a placenta obtained from a 
heterozygous carrier of the disease. (Am J OBSTET GYNECOL 1990;162:464-5.) 


Key words: Fabry’s disease, heterozygous carrier, placenta 


Fabry’s disease is a disorder of glycosphingolipid 
metabolism caused by an X-linked deficiency of a- 
galactosidase A.’ Deficiency of this enzyme results in 
accumulation of ceramide trihexoside in various tis- 
sues.' The full manifestations of the disease are seen 
mostly in affected male subjects who are always hemi- 
zygous. 


Heterozygous female subjects have variable levels of 


enzyme activity and various degrees of substrate ac- 
cumulation, As in other X-linked traits, identification 
of asymptomatic carriers can be difficult. The diagnosis 
in such subjects can be made by demonstration of char- 

_ acteristic cellular lipid inclusions in various tissues by 

-electron microscopy.' We herein describe a Fabr y’s dis- 
ease carrier in whom the diagnosis was made by patho- 
logic study of the placenta. 


-Case report 


A 27-year-old, white woman volunteered to donate 
a kidney to her HLA-identical brother suffering from 
end-stage renal failure caused by Fabry’s disease (di- 
agnosed by negligible serum a-galactosidase activity 
(3.4 w#U/ml compared with a normal value of >210] 
and a renal biopsy).’ The potential donor at that time 
denied any symptoms suggestive of Fabry’s disease. Her 
physical examination was unremarkable. Examination 
of the urinary sediment was noncontributory. A 24- 
hour urine collection contained <150 mg of protein. 
Creatinine clearance was 87 ml/min. As the serum a- 
galactosidase activity was normal on two separate oc- 
casions, she was considered to be a suitable candidate 
for kidney donation. 
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After implantation of the kidney, the recipient’s se- 
rum creatinine level normalized. Subsequently the re- 
cipient did not seek medical care until 54% years after 
transplantation. At that time a biopsy of the renal al- 
lograft was performed because of a rise in the serum 
creatinine concentration, The biopsy specimen re- 
vealed the presence of deposits similar in appearance 
to those previously found in the recipient’s native kid- 
ney.” Whether the deposits in the allograft had been 
present at the time of grafting was unknown. Two 
months later, the donor became pregnant; subse- 
quently she was delivered of a term female infant. His- 
tologic studies of the placenta were performed. 

Light microscopy showed a normal architecture of 
the chorionic plate with normal fetal blood vessels, pla- 
cental villi, and decidua. Argyrophilic granules were 
seen in the decidual cells. Ultrastructural examination 
of these cells revealed variable numbers of lysosomes 
containing densely packed concentric lamellar inclu- 
sions (Fig. 1). These inclusions were similar to those 
found in the recipient’s native kidney and the allograft. 
The fetal chorionic cells were free of deposits. 


Comment 


Previous reports of pathologic findings seen in het- 
erozygotes of Fabry’s disease have described glyco- 
sphingolipid deposition in the endothelium, perithe- 
lium, and smooth muscle of the blood vessels; skin, 
heart, kidneys, eyes, and other tissues also can be af- 
fected.’ However, involvement of the placenta has not 
previously been mentioned. The typical, symptomatic 
hemizygous condition of the brother and the discovery, 
in our patient’s placenta, of deposits that are identical 
in appearance to those found in hemizygotes of Fabry’s 
disease lend strong support to the contention that our 
patient is a heterozygous carrier. As described above, 
only the maternal portion of the placenta showed ev- 
idence of the disease whereas the fetal portion was 
spared. The fact that the fetal half was free of deposits 
suggests that the placenta acts as an effective barrier to 
macromolecules such as sphingolipids. Furthermore, as 
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Fig. 1. Representative electron micrograph of a placental decidual cell showing characteristic, densely 
packed cytoplasmic filaments and abundant lamellar inclusions (arrows). (x 16,200.) 


shown in our patient, ultrastructurally demonstrable 
sphingolipid deposits can be detected in an organ in as 


short a duration as that of a normal gestation (about 
270 days). 


We thank Galen Graham, MS, for his valuable assis- 
tance. 
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Patient-recorded domiciliary fetal monitoring 
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London, England 


Domiciliary fetal monitoring via a telephone link has been in clinical use at the Royal Free Hospital for 2 
years, during which time 858 traces of 134 patients who were moderately at risk have been transmitted to 
the hospital. All recognized abnormal heart rate patterns were detected during the study period. In seven 
patients obstetric intervention took place on the basis of the domiciliary fetal monitoring recording and 
subsequent hospital monitoring. There were no intrauterine or neonatal deaths, and there was no overall 
increase in obstetric operative intervention. There appeared to be a significant reduction in the 
inconvenience suffered by the patient and her family, compared with conventional monitoring. Fetal heart 
recordings performed solely by the patient were of a high quality and reduced the demand on midwifery 
resources. To allow this only 3 hours of midwifery time daily was required and no additional demands on 
obstetric staff were made. It is anticipated that domiciliary fetal monitoring, performed by patients, will 
become an essential and established service throughout the United Kingdom (and probably Europe) as the 





principal means of monitoring fetal well-being. (Am J Osstet Gynecot 1990;162:466-70.) 


Key words: Cardiotocography, self-recorded domiciliary telephone transmission 


The use of unstressed antenatal cardiotocography 
has become established as one of the current principal 
means of assessing fetal well-being. The technique un- 

fortunately entails frequent and time-consuming hos- 
‘pital visits and may even necessitate hospital admission. 
Additionally, it imposes great demands on midwifery 
expertise that would otherwise be used elsewhere. 
Transmission of fetal heart traces by telemetry was de- 
veloped in the early 1980s at the obstetric units at Car- 
_ diff and Cambridge University. These techniques were 
originally devised for real-time transmission,’ but re- 
cent developments in microprocessor technology by the 
Cardiff group and Huntleigh Technology has allowed 


the recording and subsequent rapid transmission of 


compressed stored data.** A report on both the tech- 
_-nologic development and the clinical and technical eval- 
uation in field trials was published recently.** We report 
here the first and largest series to date of the com- 
mercially available system in clinical use. Eight hundred 
fifty-eight traces of 134 women are reported together 
with the analyses of these traces and the clinical out- 
comes, All recordings were made by the patients in 
their homes. 
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Patients and methods 


Patients. One hundred thirty-four “at risk” patients 
were referred for domiciliary monitoring, after 28 
weeks of pregnancy. The ages of the patients at delivery 
ranged from 19 to 43 years with a mean of 28 years. 
The indications included reduced fetal movements, 
current or previous intrauterine growth retardation, 
oligohydramnios, previous stillbirth, antepartum hem- 
orrhage, hypertension, gestational diabetes, macro- 
somia, postdates, and loss of or failure to gain weight 
(Table I). 

Domiciliary fetal monitoring equipment. The tech- 
nical details of the commercially available Huntleigh 
domiciliary fetal monitor (Huntleigh Technology PLC, 
Healthcare Division, Cardiff ) have been reported pre- 
viously.** The equipment consists of remote units (five 
were used in the present report), a hard-disk PC type 
microprocessor and printer, an electronic modem, and 
the use of a dedicated standard British Telecom tele- 
phone line. 

The remote unit, the domiciliary fetal monitoring 
unit itself, is briefcase-sized. It is powered from both 
mains and an integral rechargeable unit and has a 
Doppler wide-beam ultrasonographic transducer, mi- 
croprocessor, and integral acoustic modem. There is 
an event marker to record fetal movement and com- 
mand touch switches are simple to use. All remote unit 
functions were patient-operated. 

_ Procedure. Patients were instructed in the use of 


domiciliary fetal monitoring by the fetal monitoring 


unit obstetric nurse-midwife. Each patient was in- 
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Fig. 1. Simultaneous recording of domiciliary fetal monitoring and conventional cardiotocography 
obtained from a Hewlett Packard model 8040 A. 


structed for 20 minutes in the use of the remote unit. 
Recordings were transmitted the next day and there- 
after daily or on alternate days as requested by the 
obstetrician. The mother located and recorded the fetal 
heart for 30 minutes, the heart rate data then being 
converted to a digital code and stored by the micro- 
processor. The base station was phoned later at a prear- 
ranged time (within l hour). After consultation with 
the fetal monitoring obstetric nurse-midwife the tele- 
phone handset was placed into the acoustic couple; af- 
ter being triggered by the base station, the information 
was transmitted in compressed digital form during ap- 
proximately 45 seconds. The base station computer 
used a dedicated program to receive and analyze the 
signal and display and print the fetal heart trace. The 
traces were assessed immediately for technical quality 
and content by the obstetric nurse-midwife, and the 
patients were given a provisional report. All traces were 
subsequently reviewed by the trained obstetrician on 
call. Traces of poor technical quality were repeated. 
Patients whose traces were abnormal were brought to 
the hospital immediately for conventional cardiotocog- 
raphy. 

The content of each trace was assessed as for con- 
ventional cardiotocography: normal baseline of 120 to 
160 beats/min and two accelerations of at least 15 
beats/min for at least 15 seconds with good baseline 
variability. Fig. 1 shows a normal domiciliary fetal mon- 
itoring recording compared with a conventional trace 
obtained from a Hewlett Packard model 8040A. 

The acceptance rate is the percentage of time during 
a recording for which fetal heart rate data are available. 
This was automatically computed by the microproces- 
sor, which calculated the percentage loss of fetal heart 


Table I. Indications for domiciliary 
fetal monitoring 






No. 
of 


traces 










No. of 


Indication patients 





Current intrauterine 40 372 
growth retardation 
Reduced fetal movements 29 219 
Postdates 21l 45 
Static or reduced weight ll 32 
Small antepartum hemor- 8 32 
rhage 
Previous stillbirth 8 42 
Mild hypertension 7 44 
Gestational diabetes 3 5 
Macrosomia 2 4 
Maternal anxiety 2 21 
Oligohydramnios 2 16 
Previous intrauterine 1 26 
growth retardation 
TOTAL 134 858 





rate data not caused by signal loss during transmission 
but caused by failure of pickup during recording (a 
frequent occurrence with conventional cardiotocogra- 
phy). Acceptance rates of =70% were considered easily 
interpretable; recording >40% to 69% was considered 
interpretable if two accelerations were identified. 


Results 

Patient data. One hundred thirty-four patients were 
accepted for domiciliary fetal monitoring. Seventy-four 
were primigravid. The length of gestation at referral. 
ranged from 30 to 42 weeks. The most common in- 
dications for monitoring were suspected or actual in- 





Number of transmissions 





Patient data and 
monitoring indication 


1. 30 yr old 


~ Primiparous 


<39 wk gestation 
‘Reduced fetal 
-» Movement 
2, 28 yr old 
Primiparous 
39 wk gestation 
Intrauterine growth 
retardation 
3:20 yr old 
Multiparous 
Term gestation 
“Maternal anxiety” 
4.31 yr old 
~ Multiparous 
38 -wk gestation 
‘Intrauterine growth 
retardation 
5. 27 yr old 
Multiparous 
>41 wk gestation 
Postmaturity 
Intrauterine growth 
retardation 
6.:38 yr old 
Multiparous; breech 
37 wk gestation 
Intrauterine growth 
~ retardation 
7,28 yr old 
Multiparous; breech 
Suspected intrauter- 
ine: growth retar- 
dation 


LSCS, Low-segmenit cesarean section. 


10 20 30 


Result of domiciliary 
fetal monitoring 


Unreactive 


Decelerations 


Decelerations 


Unreactive 


Poorly reactive x 3 


Unreactive 


Unreactive 





40 50 60 70 


Acceptance % 


Table II. Obstetric intervention resulting from domiciliary fetal monitoring 


Cardiotocog- 
raphy 
Unreactive 


Cardiotocog- 
raphy 

Further decel- 
erations 


Cardiotocog- 
raphy 

Further decel- 
erations 

Scan 

No growth 


Cardiotocog- 
raphy 
Unreactive 


Cardiotocog- 
raphy 

Not confirmed 

Scan 

No growth 

Cardiocotog- 
raphy 

Very flat and 
unreactive 


80 











90 100 


Fig. 2. Number of patients achieving acceptance percentages. 
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Outcome (birth weight and Apgar 
score at 1 and 5 min) 


Induced normal labor 


3.5 kg 
9 and 10 


Forceps; fetal distress 


2.5 kg 
9 and 9 


Normal delivery 
3.4 kg 
8 and 9 


Vaginal delivery; fetal distress 


2.6 kg 
8 and 9 


Normal delivery 
2.8 kg 
8 and 9 


Planned LSCS performed 10 
days early, no growth 


2.1 kg 
3 and 9 


Planned LSCS performed 2 
wk early 

2.8 kg 

7 and 9 
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trauterine growth retardation, reduced fetal move- 
ments, postdates, and loss of or failure to gain weight 
(Table 1). A small group who benefited greatly from 
the reassurance provided were those referred because 
of a previous stillbirth. 

Outcome of domiciliary fetal monitoring traces. Ac- 
ceptance rates were high with more than 643 traces 
(75%) demonstrating rates in excess of 70% (Fig. 2). 
In view of adequate content (reactivity), a further 9% 
of traces were considered interpretable. 

Mean acceptance rates improved somewhat with in- 
creasing gestation: before 32 weeks, 74.8%; 32 to 35 
weeks, 75.8%; 36 to 39 weeks, 79.1%; 40 to 42 weeks, 
81.2%. 

Domiciliary fetal monitoring traces were repeated 
without admission to the hospital either for poor tech- 
nical quality (43 or 4.9%) or for poor reactivity, other 
parameters being normal (58 or 6.8%). After 45 (5.2%) 
transmissions patients were asked to undergo cardioto- 
cography because of a suspicious trace. These abnormal 
domiciliary fetal monitoring traces included 19 with an 
unreactive trace or poor baseline variability, four with 
a fetal tachycardia, two with bradycardia, and six with 
probable or definite decelerations. A further 14 had 
traces of repeated poor technical quality. In 38 of the 
45 (84%) the repeat trace was satisfactory, but in the 
remaining seven obstetric intervention was necessary; 
these data are summarized in Table II. 

Five patients underwent induction of labor as a result 
of abnormal domiciliary fetal monitoring with subse- 
quent confirmation by cardiotocography. Two patients 
had their planned elective cesarean sections performed 
earlier. The obstetric outcome of the monitored group 
was similar to that of the general unit with a cesarean 
section rate of 16% and a forceps rate of 15%. The 
induction rate of 28% was greater, being compared with 
15%. Sixty-seven percent of the group, however, had 
birth weights below the 50th percentile, reflecting the 
recruitment of this moderately at risk group. The peri- 
natal mortality rate was zero compared with 9 in 1000 
for the same period in this unit. 

Ten patients initially referred for domiciliary fetal 
monitoring were eliminated from the data analysis be- 
cause no trace was ever actually transmitted. Four 
women with postdate gestations went into labor before 
the first transmission. Five were incapable of operating 
the monitor after instruction and hence were not ac- 
cepted to the monitoring program. One (a school- 
teacher), having been instructed, refused to use the 
device because the hospital would not pay the telephone 
charges. 


Comment 


Conventional unstressed fetal heart rate monitoring 
is well established and is the most frequently used tech- 
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Table III. Obstetric and neonatal outcome 
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Mode of delivery 


Spontaneous vaginal delivery 89 
Anderson’s forceps 17 
Kielland’s forceps 4. 
Cesarean section 
Elective 10 
Emergency 13 
Neonatal outcome 
Low Apgar score (<6 at 5 min) 2. 
Transferred to special care baby 
unit 3 
Birth weight percentiles 
<10th 24 
10th-24th 26 
25th-49th 38. 
50th-74th 32 
75th-90th 9 
>90th 5 
Sullbirths 0 
Early neonatal deaths 0 


aeae i, 


nique of fetal surveillance despite limited supportive _ 
research. The results of studies have not demonstrated 
universal benefit, ° although it has been clearly dem- 
onstrated that perinatal deaths are generally preceded 
by abnormal heart rate patterns.” It is impossible to. 
monitor large numbers of pregnancies with adequate i ; 
frequency to detect reliably these abnormalities. T he 
aim of domiciliary fetal monitoring recording has never 
been to provide any more than what is already available 
with conventional cardiotocography. In practical terms: 
it is perhaps a little more difficult to interpret quanti- 





tatively the loss of baseline variability. Identification of : 


all other abnormalities was directly comparable with 
that of conventional cardiotocography. Domiciliary fe 
tal monitoring should be perceived as a screening tech- 
nique that can be performed frequently but with min- 
imal disruption to the patient and to the functioning 
of a perinatal unit. 

In this study we have looked at pregnancies with 
sufficient risk to require regular monitoring either di- 
rectly from the clinic or after a short period of evalu- 
ation as an antenatal inpatient. High-risk pregnancies 
where admission would normally be required were not 
studied, although it may be seen in the future that these 
too are suitable for such surveillance. The degree of 
risk had been determined from the history before study 
entry and was confirmed to an extent by the number 
of babies below the 50th percentile. In spite of this risk, 
the overall obstetric outcome was in line with that of 
the unit as a whole and the fetal outcome at birth was 
surprisingly good with no perinatal losses. 

Allowing the patient to monitor her own fetal heart 
rate from home reduces pressure on ward, outpatient, 
and community midwives. One would anticipate are 
duced acceptance rate. In fact, the converse is true; 
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when the acceptance rates of this group of patients are 
compared with those of the midwife-recorded traces* 
in the multicenter study, those of the patients appear 
superior. 

The microprocessor technique of data storage and 
compression allows significant advantages over real- 
time techniques since telephone interference is mini- 
mized, telephone costs are reduced, and the fetal mon- 
itoring “sister” can be present at the base station for a 
much shorter duration of the transmission, and not the 
whole 30 minutes of the fetal heart recording, Al- 
though the system has been well tried in challenging 
situations such as distant islands off the Scottish main- 
land and the Harlem district of New York, our evalu- 
ation of the domiciliary fetal monitoring system has 
been used to assess its use in moderately “at risk” preg- 
nancies in the Hampstead Health District. It has proved 
to be highly acceptable to patients, producing reassur- 
ance in almost all monitored women and indifference 
in a few. Acceptability and enthusiasm also have been 
shown by midwifery and virtually all obstetric staff. The 
quality of traces and the high acceptance rates appear 
as good in patient-recorded traces as in those per- 
formed by specifically trained midwives. 

The fetal and neonatal outcome in this “at risk” 
group is as good as it is in the total hospital population. 
< This has been achieved without an increase of operative 
‘obstetric intervention; the induction rate of 28%, not 
surprisingly, was higher. Domiciliary fetal monitoring 
reduces disruption to the lives of patients and their 
~ families. It enables “at risk” patients, who should be 
: resting, to remain at home when they might otherwise 
require time-consuming visits to the hospital. It pro- 
vides us with the ability to monitor more patients more 
frequently. We believe that there would be a demon- 
strable reduction in morbidity, mortality, and inpatient 
bed occupancy. These factors would release midwifery 
expertise and improve our overall obstetric service. 
Much larger numbers of patients will be needed to 
demonstrate this; these studies are ongoing. Further 
studies to assess the value of domiciliary fetal monitor- 
ing in comparison to the standard nonstress test (twice- 
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daily fetal movement charts) as sensitive means of mon- 
itoring fetal well-being are required. From the expe- 
rience of this study certain recommendations can be 
made. It is virtually mandatory that a dedicated tele- 
phone line with a specific number is allocated to avoid 
the inevitable problems with hospital switchboards. 
Whether the system is run from an antenatal clinic 
(easier for referral), a labor ward (24-hour availability), 
or a special unit depends on local needs. The person 
managing the base station should be an obstetric nurse- 
midwife available throughout each antenatal clinic. All 
traces should be reported early the same day to an 
experienced obstetrician. 


We thank Huntleigh Technology PLC, particularly 
D. Stanger and T. Justice. We also thank P. Chalk, 
S. M. Tuck, P. Walker, and Professor R. W. Shaw and 
their obstetric patients who took part in this evaluation. 
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Epidural analgesia and autonomic hyperreflexia: A case report 


Vern L. Katz, MD, John M. Thorp, Jr., MD, and Robert C. Cefalo, MD, PhD 


Chapel Hill, North Carolina 


Autonomic hyperreflexia is a serious complication for paraplegic patients. A paraplegic woman in early 
labor presented with autonomic hyperreflexia. After epidural analgesia was established, hyperreflexia 
resolved. When the analgesic wore off, hyperreflexia returned. Continuous epidural analgesia may be 
helpful for pregnant women who are susceptible to autonomic hyperreflexia. (Am J OBSTET GYNECOL 


1990;162:471-2.) 


Key words: Epidural analgesia, autonomic hyperreflexia 


The most severe and life-threatening of the obstetric 
problems of paraplegic women is autonomic hyperre- 
flexia.’? This phenomenon is caused by surges of au- 
tonomic nervous impulses and release of catechol- 
amines in response to visceral stimulation. Blood pres- 
sure and pulse may increase. The patient may become 
diaphoretic, anxious, or panicked. Epidural analgesia 
has been suggested as a means to prevent or ameliorate 
autonomic hyperreflexia." ? We present a case sup- 
porting this hypothesis. 


Case report 


The patient, a 28-year-old woman, gravida 3, para 
0, paraplegic since birth, was admitted at 41 weeks’ 
gestation in early labor. Her pregnancy had been com- 
plicated by urinary tract infections, anemia, and.a sacral 
decubitus ulcer necessitating hospitalization and intra- 
venous antibiotics. The patient had no voluntary bowel 
or bladder function and had decreased sensation from 
the level of T-8. 

Her prenatal care had been initiated at 35 weeks’ 
gestation when she was seen in the emergency depart- 
ment with a 4 X 2 cm weeping decubitus ulcer. The 
patient was treated with Silvadene and oxacillin. 
Asymptomatic bacteriuria with >10° colonies of Esch- 
erichia coli, Enterobacter, and Klebsiella was treated with 
gentamicin. On physical examination, she was found 
to be pregnant. An ultrasonographic examination dem- 
onstrated a normal-appearing infant and biometric pa- 
rameters consistent with 35 weeks’ gestation. After 9 
days of antibiotic treatment and wound care, the patient 
was discharged on a regimen of ampicillin. 

Four weeks after the first admission, the patient was 
readmitted with a slight pressure sensation found to 
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be uterine contractions. She was diaphoretic and anx- 
ious. Blood pressure was 210/105 mm Hg, pulse 100 
beats/min, respirations 24 breaths/min, and fetal heart 
tones were 140 beats/min. The cervix was 2 cm dilated 
and amniotic membranes were intact. The urine did 
not contain protein. After an intravenous fluid bolus 
was given, an epidural catheter was placed and the 
anesthetic solution was administered. Blood pressure 
declined to 130/78 mm Hg. Diaphoresis and anxiety 
resolved. 

The patient’s labor progressed uneventfully, with a 
first stage of 6 1/2 hours. She received 8% bupivicaine, 
10 mg every 60 minutes. The patient experienced no 
further hypertension, diaphoresis, or anxiety. Volun- 
tary pushing efforts were poor. One hour into the sec- 
ond stage of labor, she was brought to the delivery 
room for an elective low-forceps delivery. Before per- 
ineal cleansing and catheterization, the patient again 
became anxious and diaphoretic. Blood pressure rose 
to 220/110 mm Hg, and upper extremities became hy- 
perreflexic. Intravenous labetalol 1 mg was given. The 
patient’s anxiety decreased, and blood pressure re- 
turned to 140/80 mm Hg. The patient was delivered 
of a 2860 gm male infant with Apgar scores of 6 and 
8 at 1 and 5 minutes. Umbilical vein pH was 7.33 and 
umbilical artery pH was 7.27. The patient’s postpartum 
course was uneventful. 


Comment 


This patient’s history exemplifies the problems of the 
paraplegic gravida: anemia, decubitus: ulcers, urinary 
tract infections, and autonomic hyperreflexia.’? She 
experienced two episodes of autonomic hyperreflexia 
during labor, the first on admission and the second in 
the delivery room. After the epidural anesthetic was 
given, blood pressure returned to normal. It is not un- 
usual for blood pressure to drop after epidural catheter 
placement and in association with peripheral vasodi- 
latation. However, a 30 mm Hg drop in the diastolic 


_ pressure in association with vasodilatation does not usu- 


ally occur without some fetal or maternal distress. 
There was no fetal or maternal distress in this case. The 
second episode of autonomic hyperreflexia occurred 
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125 minutes after the patient’s last dose of epidural 
anesthetic. A redose should have been requested at the 
appropriate time. The patient’s rapid response to in- 
travenous labetalol supports the role of excess cate- 
cholamines as a cause of autonomic hyperreflexia.' ° 
Subsequent to this patient’s hospitalization, our obstet- 
ric protocol for paraplegic and quadriplegic patients 
has been amended. We now recommend continuous 
epidural infusions for patients who may be at risk for 
autonomic hyperreflexia. 


February 1990 
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Spontaneous resolution of Cushing’s syndrome after pregnancy 


David C. Aron, MD," Adrian M. Schnall, MD, and Leslie R. Sheeler, MD‘ 


Cleveland, Ohio 


Pregnancy is a rare occurrence in women with Cushing’s syndrome. Even more uncommon is the 
exacerbation of Cushing’s syndrome during pregnancy and spontaneous resolution post partum. We report 
one such case in which biochemical and radiologic findings suggested adrenocorticotropic 
hormone—dependent disease. (Am J OssteT GYNECOL 1990;162:472-4.) 


Key words: Cushing’s syndrome, pregnancy, hypercortisolism 


Pregnancy rarely occurs in Cushing’s syndrome. We 
have observed pregnancies in four patients among 52 
cases of Gushing’s syndrome in premenopausal women 
with the diagnosis made at the Cleveland Clinic between 
1978 and 1986. When pregnancy occurs in women with 
active hypercortisolism, spontaneous abortion, pre- 
mature labor, and fetal and maternal morbidity are 
common. Exacerbation of hypercortisolism during 
pregnancy and resolution after termination of preg- 
nancy is rare and we report one such case.” ° 


Case report 


A 27-year-old woman had been well until June 1980 
when her first pregnancy was diagnosed. Within 1 
month she noticed rounding of the face and a signifi- 
cant weight gain in the neck and abdomen. Hair growth 
on the face and acne on the chin were noted in late 
summer. Broad purple stretch marks developed over 
the abdomen. There was some increased bruising and 
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a marked decrease in strength. She denied vision prob- 
lems. In December 1980 she was referred to the Cleve- 
land Clinic where physical examination was notable for 
clinical features of Cushing’s syndrome. The blood 
pressure was 118/74 mm Hg. The skin was thin with 
multiple ecchymoses on the legs. Striae were present 
on the breasts, abdomen, back, and thighs. Acne was 
noted on the face, trunk, and arms. Facial hirsutism 
was present. The uterus was palpable 1 cm below the 
umbilicus. Serum electrolyte levels included: sodium, 
142 mEq/L; potassium, 3.5 mEq/L; chlorine, 106 
mEq/L; carbon dioxide, 27 mEq/L. The glucose 
level was 86 mg/dl and cholesterol 392 mg/dl. The 
endocrine evaluation (see Table I) showed increased 
basal plasma cortisol levels with no diurnal variation 
and a high urinary free cortisol level. Urinary 17- 
hydroxycorticosteroid levels were 15.9 mg/24 hours 
(normal, 1.1 to 8.6) and 17-ketosteroid level was 20 
mg/24 hours. After dexamethasone 1 mg was admin- 
istered at 1] PM, a plasma cortisol level obtained the 
next morning was 54.6 wg/dl. There was no suppres- 
sion after either 2-day low-dose or high-dose dexa- - 
methasone. The basal adrenocorticotropic hormone 
level was detectable. Computerized tomographic scan 
of the pituitary gland showed a definite enlargement 
of the central area with possible extension into one 
cavernous sinus. 


The patient was referred to University Hospitals 
where the results of gynecologic examination were be- 
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Table I. Laboratory evaluation of adrenocortical function 
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Piasma cortisol 


(ug dl) 


Date Dexamethasone 


0.5 mg q 6 hr 56.4 — 
0.5 mg q 6 hr — — 
2.0 mg q 6 hr 
4.0 mg q 6 hr — — 


Jan. 24 = ue = 
Jan. 25 — — — 





Plasma Urinary 
adrenocorticotropic Urinary free 17-hydroxysteroid 

hormone (pg/ml) cortisol (ugi day) (mg/day) 

10.4 

12.9 

18.8 

4 fo 

5 17.1 

— 19.3 

— 2329 26.0 

33 2565 22.6 

— 2344 26.1 

— 2786 32.7 

4 3352 34.3 





lieved to be consistent with 30 weeks of gestation. 
Weight was 86.3 kg. Urinary estriol levels were low. A 
glucose tolerance test indicated moderate gestational 
diabetes, but both fasting and postprandial blood glu- 
cose levels were readily controlled with diet in a range 
of 80 to 110 mg/dl. The serum thyroxine level was 12.3 


g/dl (normal 5 to 12) and the triiodothyronine resin _ 


uptake was 0.65 (normal 0.8 to 1.2). Plasma cortisol 
levels in the morning ranged from 47 to 56 pg/dl; one 
level measured in the afternoon was 52 ug/dl (see Table 
I). Basal urinary 17-hydroxycorticosteroid levels varied 
from 17 to 26 mg/24 hours; urinary free cortisol level 
ranged from 1380 to 2329 ug/24 hours. There was no 
suppression with low- or high-dose dexamethasone. 
Basal plasma adrenocorticotropic hormone levels were 
33 pg/ml in the morning and 58 pg/ml at 4 pm. Morn- 
ing values were 44 and 20 pg/ml on 8 and 16 mg/day 
of dexamethasone, respectively. An ultrasonogram of 
the abdomen revealed no significant enlargement of 
either adrenal gland. Cyproheptadine 4 mg t.i.d. was 
administered and the dose was raised to 4 mg q.i.d. 
Fetal monitoring indicated tachycardia; labor began 
and spontaneous rupture of membranes occurred. A 
2300 gm male infant with Apgar scores of 8 at 1 minute 
and 8 at 5 minutes was delivered by cesarean section. 
After operation, blood glucose level and blood pressure 
„were normal, and the infant’s course was complicated 
only by moderate jaundice. Plasma cortisol level of the 
infant was 4.8 pg/dl. After operation, multiple tomo- 
grams of the sella turcica showed ballooning of the right 
side of the sella and thinning of the dorsum of the sella 
but no bony destruction. A computerized tomographic 
scan of the abdomen revealed symmetric adrenal 
glands with no evidence of any adrenal mass. One week 
after operation, plasma cortisol levels were 16.9 g/dl 
in the morning and 16.3 g/dl at 4 pm. The patient 
thought that her face was less round 1 week after de- 


livery and acne had visibly improved. One month post 
partum, her weight was 73.6 kg and the urinary free 
cortisol level was 21 g/24 hours. Two months post 
partum, her strength had returned and clinical features 
of Cushing’s syndrome had improved. A urinary free 
cortisol level was 3.0 »g/24 hours and an afternoon 
plasma cortisol level was 5.5 g/dl. She was lost to 
follow-up until September 1988. She weighed 62.6 kg 
and showed no clinical features of Cushing’s syndrome. 
Plasma cortisol levels revealed normal diurnal varia- 
tion. Urinary free cortisol level was 39 wg/24 hours and 
the 8 am plasma cortisol value was 3 g/dl after she 
received dexamethasone 1 mg the previous midnight. 
Cortisol responses to intravenous administration of ad- 
renocorticotropic hormone (cosyntropin 0.25 ng) and 
to insulin-induced hypoglycemia were normal. Mag- 
netic resonance imaging showed a normal pituitary 
gland. 


Comment 


The biochemical diagnosis of Cushing’s syndrome 
during pregnancy is complicated by the physiologic al- 
terations in adrenocorticosteroid metabolism that occur 
during pregnancy. In this case, the extremely high uri- 
nary free cortisol levels, the elevated urinary 17- 
hydroxycorticosteroid levels, the absence of diurnal 
variation of plasma cortisol, and the complete absence 
of suppression with dexamethasone established the di- 
agnosis of Cushing’s syndrome. Paradoxical increases 
in urinary free cortisol levels after dexamethasone ad- 
ministration have been observed in both pregnant and 
nonpregnant patients with Cushing’s syndrome. De- 
tectable plasma adrenocorticotropic hormone levels 
suggested adrenocorticotropic hormone—dependent 
disease.‘ Neither ultrasonography nor postoperative 
computerized tomographic scan demonstrated an ad- 
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renal mass. The interpretation of the computerized to- 
mographic scan and tomograms of the sella turcica is 
complicated by the physiologic increase in pituitary size 
during pregnancy. 

Our patient had a clinical and biochemical remission 
post partum. Intermittent Cushing’s syndrome and 
spontaneous remissions have occurred in nonpreg- 
nant patients with Cushing’s disease, adrenal tumors, 
and ectopic adrenocorticotropic hormone syndrome. 
Corticotropin-releasing factor (CRF) has been found in 
the placenta; plasma CRF levels rise during pregnancy, 
reaching very high values at term, and abruptly fall 
after delivery. While the role of placental CRF in the 
physiologic regulation of the hypothalamic-pituitary- 
adrenal axis is unknown, placental CRF may play a role 
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in the exacerbation of Cushing’s syndrome and the 
postpartum fall in CRF might account for the spon- 
taneous remission observed in this case and others. Dy- 
namic testing in 1988 revealed no abnormality of the 
hypothalamic-pituitary-adrenal axis. Whether the pa- 
tient had an underlying subtle abnormality of the 
hypothalamic-pituitary axis to which hypersecretion of 
placental CRF contributed is not known. 
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Insulin-dependent diabetes mellitus associated with danazol 


David B. Seifer, MD, Lisa N. Freedman, MD, Johanna R. Cavender, MD, and 


Rebecca A. Baker, MD 
Syracuse, New York 


Insulin-dependent diabetes mellitus developed in a young woman 8 weeks after the initiation of danazol for 
treatment of pelvic endometriosis. After discontinuation of danazol the diabetes completely resolved. We 
suspect a possible cause-and-effect relationship, which has not previously been reported in the literature. 


(Am J Opster GyYNecoL 1990;162:474-5.) 


Key words: Danazol, diabetes mellitus, glucose intolerance, hyperandrogenism 


Reported is a case of insulin-dependent diabetes mel- 
litus associated with the use of danazol for the treatment 
of pelvic endometriosis. Initial appearance and subse- 
quent resolution of diabetes mellitus were clearly tem- 
porally related to the start and discontinuation of this 
medication. Obvious signs and symptoms of overt di- 
abetes mellitus developed and insulin therapy was re- 
quired. To our knowledge, this is the first reported 
occurrence of this association. 
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Case report 

A 26-year-old, white, nulligravid woman was seen 
initially in November 1987 complaining of failure to 
conceive after 6 months of unprotected intercourse, in 
addition to dysmenorrhea since age 20. Her gyneco- 
logic history was unremarkable with menarche at age 
17 and menses occurring regularly every 30 days. 

Physical examination showed a well-developed, nor- 
motensive woman, whose height was 5 feet 7 inches 
and weight 130 pounds. There was no evidence of hir- 
sutism or galactorrhea. Pelvic examination was normal. 
She was instructed to keep basal body temperature 
charts and to continue unprotected coitus. In October 
1988 she underwent laparoscopy because of suspected 
pelvic inflammatory disease, at which time she was 
found to have stage III endometriosis. Laboratory val- 
ues during this admission included random blood glu- 
cose levels of 116 and 79 mg/dl. Danazol 400 mg b.i.d. 
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was started in early November 1988. She developed 
amenorrhea within 4 weeks of starting danazol and was 
without any expected side effects from the medication. 
Dysmenorrhea and pelvic pain greatly improved dur- 
ing the next 2 months. 

In early January 1989 she began noticing progressive 
polyphagia, polydipsia, and polyuria in addition to mal- 
aise, fatigue, nausea, and blurry vision. She had lost 2 
pounds and had been treated for two yeast infections 
during the previous month. In February 1989 she 
sought medical care, at which time she denied a history 
of diabetes mellitus or other endocrine disorders. 
There was no family history of diabetes and the patient 
had not had similar symptoms in the past. A fasting 
blood glucose level of 290 mg/dl and a 2-hour post- 
prandial blood glucose level of 660 mg/dl were noted. 
Liver function test results were within normal limits 
and cholesterol was unchanged. At this point there was 
concern that danazol might be related to the recent 
onset of diabetes, and thus it was discontinued on Feb. 
7, 1989. 

The next day the patient was examined by an in- 
ternist, who began her on a 2200-calorie American Di- 
abetes Association diet, as well as lente insulin 15 units 
plus 5 units of regular insulin every morning and 15 
units of regular insulin every evening. Blood glucose 
_ levels were monitored by the patient q.i.d. using Accu- 

Check II and initially ranged between 180 and 240 
mg/dl. After 10 days, she noted great symptomatic im- 
provement with blood glucose levels ranging between 
100 and 130 mg/dl. Four weeks later, in early March, 
the insulin was discontinued on a trial basis. By the 
second week of March, she discontinued the American 
Diabetes Association diet. Several follow-up visits have 
documented postprandial blood glucose levels to be 
<115 mg/dl. 


Comment 


Danazol is the most frequently prescribed medication 
specifically approved by the United States Food and 
Drug Administration for the treatment of pelvic en- 
dometriosis. It is the 2,3-d-isoxazol derivative of 
17a-ethinyl testosterone. As an ‘alkylated steroid with 
chemical structural similarities to testosterone, it is un- 
derstandable that many of danazol’s side effects would 
relate to its androgenic properties. 

Well-known side effects include weight gain, oily 
skin, acne, hirsutism, voice changes, increase in muscle 
mass, alteration in libido, and reduction in breast size. 
Rarely, metabolic side effects resulting from hepato- 
cellular damage, alteration in cholesterol metabolism, 
or mild glucose intolerance develop. 

Although danazol has been shown to affect carbo- 
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hydrate metabolism, these effects have not been re- 
ported to be clinically evident. In a small study of 14 
women who underwent oral glucose tolerance tests be- 
fore and after taking 600 mg of danazol daily for 3 
months, it was demonstrated that a “mild but definite 
deterioration in glucose tolerance associated with high 
plasma insulin levels” developed.’ Although danazol 
was shown to result in glucose intolerance and hyper- 
insulinism, there was no mention of clinical signs or 
symptoms in these subjects. 

The mechanism by which danazol may lead to the 
development of glucose intolerance and, in this partic- 
ular instance, insulin-dependent diabetes mellitus may 
relate to its potent androgenic properties. It has been 
shown that hyperandrogenism is associated with insulin 
resistance.” A clinical example of this association is il- 
lustrated by the endocrinopathy HAIR-AN syndrome, 
characterized by hyperandrogenism (HA), insulin re- 
sistance (IR), and acanthosis nigricans (AN). In patients 


- with HAIR-AN syndrome, the severity of the hyper- 


androgenism is positively correlated with the severity 
of the insulin resistance. Whether the mechanism by 
which hyperandrogenism is associated with insulin re- 
sistance may be due to a reduction in insulin receptor 
affinity or number of insulin receptor sites or to a pro- 
duction of circulating insulin antibodies or a “postre- 
ceptor” defect has not been clearly defined. 

Serum testosterone and androstenedione levels were 
not measured in this patient while she required insulin. 
However, because of the temporal relationship of the 
onset and resolution of diabetes with the administration 
and discontinuation of danazol, we suspect a possible 
cause-and-effect relationship. 


Addendum 


In late August, 5 months after discontinuation of 
danazol, the patient developed mild hyperglycemia 
(random serum glucose level 180 mg/dl) and was 
started on four units of human lente daily. Additional 
testing included a negative islet cell antibody test. This 
recent onset of hyperglycemia may reflect an under- 
lying predisposition to diabetes that had been poten- 
tiated by danazol or a recurrence of a milder form of 
diabetes initially noted during danazol therapy. 
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Perinatal factors associated with the respiratory 


distress syndrome 


Heather Bryan, MD, Peter Hawrylyshyn, MD, Sheilah Hogg-Johnson, MMath, 
Susan Inwood, RN, Allen Finley, MD, Mario D’Costa, PhD, and Mary Chipman, MA 


Toronto, Ontario, Canada 


Perinatal factors related to the incidence of respiratory distress syndrome were analyzed by the multiple 
logistic regression statistical method in 263 mothers and their 298 offspring delivered between 24 and 35 
weeks’ gestation in a 1-year period in a regional referral perinatal center. The risk of respiratory distress 
syndrome in white infants rose with decreasing gestational age (p < 0.0001) while prolonged rupture of 
membranes of >24 hours in the absence of maternal infection (28% of cases) was highly protective 

(p < 0.0001). Compared with vaginal delivery, cesarean delivery without labor increased the risk of 
respiratory distress syndrome (p = 0.03). The administration of tocolytic drugs was unrelated to the 
incidence of respiratory distress syndrome, but corticosteroid therapy given at least 72 hours before 
delivery was protective (p = 0.03). Male and female infants were equally at risk for respiratory distress 
syndrome as were black and white infants, but other races had a lower incidence (p = 0.004). Infants with 
respiratory distress syndrome were on mechanical ventilators longer than those with other respiratory 


illnesses. (Am J OpsTeT GYNECOL 1990;162:476-81.) 


Key words: Respiratory distress syndrome, delivery mode, prolonged rupture of 


membranes, corticosteroids, tocolytics 


Respiratory distress syndrome (RDS) in premature 
infants has decreased in incidence over the years since 
the establishment of neonatal intensive care units,’ The 
mortality and morbidity, however, still remain signifi- 
cant, particularly in very-low-birth-weight infants.” * 
Obstetric management of the mother in premature la- 
bor has become increasingly important in efforts at- 
tempting to minimize or prevent the onset of RDS in 
the newborn infant. Stabilization of the at-risk mother 
with admission to the hospital, bed rest, clinical mon- 
itoring, and frequent assessment of fetal well-being are 
important aspects contributing to effective treatment, 
as well as controlled labor and atraumatic delivery.’ The 
indirect assessment of fetal lung maturity with mea- 
surements of amniotic fluid lecithin/sphingomyelin 
(L/S) ratios the administration of steroids to the 
mother before delivery to accelerate fetal pulmonary 
development,* and the use of tocolytic therapy to delay 
labor’ are also measures adopted to reduce the inci- 
dence of neonatal RDS. There is still controversy, how- 
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ever, about the management of premature rupture of 
the membranes in preterm pregnancies, which has 
been reported to occur in about a third of deliveries of 
low-birth-weight infants.® The obstetrician must decide 
whether the risks of infection to the mother and infant 
outweigh the risks of prematurity with all its associated 
problems.° 

We have analyzed our experience in a tertiary high- 
risk perinatal unit over a l-year period by examining 
all pregnancies where infants born alive at <36 weeks’ 
gestation were admitted to our neonatal intensive care 
unit. Our objective was to identify those factors that 
might influence our obstetric clinical management 
aimed at reducing the incidence of RDS in premature 
infants. 


Methods and patients 


Over a continuous 12-month period (December 1984 
to November 1985), all infants admitted to the neonatal 


intensive care unit (levels II and III) at <36 weeks’ 
gestation were examined prospectively. The relation- 
ship of prenatal factors to the occurrence of infant RDS 
was examined statistically by multiple logistic regression 
analysis.'° The associations investigated included the 
influence of the administration of tocolytics and/or ste- 
roids, the mode of delivery, the presence or absence of 
prolonged rupture of the membranes (PROM), race, 
gestational age, and sex of the newborn infant. 

The diagnosis of RDS was made from the initial chest 
radiograph obtained within 6 hours of delivery in those 
infants with respiratory symptoms and included ‘the 
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Table I. High-risk pregnancies 





- Mothers Twin pairs Newborns 
Race (n) (n) (n) 
White 215 29 244 
Black 24 5 29 
Other* 24 1 25 
TOTAL 263 35 298° 





*Oriental, Asian, Hispanic, Native American, mixed. 


classic findings of air bronchograms with a generalized 
reticular granular pattern in the lung parenchyma. To- 
colytics given at the discretion of the obstetrician to 
mothers in preterm labor were ritodrine and isoxsu- 
prine. The use of steroids (betamethasone) was ex- 
amined as: (1) none or administered <24 hours before 
delivery, (2) administered 24 to 72 hours before birth, 
or (3) administered at least 72 hours before delivery. 
The mode of delivery included those infants delivered 
vaginally and those by cesarean section with labor or 
by cesarean section without labor. The absence of labor 
was defined as less than an hour of painful contractions 
and no cervical dilatation or effacement. PROM was 
present for longer than 24 hours in hospitalized moth- 
ers who were free of infection as manifested by normal 
temperatures, normal white blood cell counts, and neg- 
ative cultures. Prophylactic antibiotics were not admin- 
istered to these mothers. Three race groups included 
white infants, black infants, and others who were either 
Oriental, Asian, Hispanic, Native American, or mixed. 

To examine statistically the associations between the 
covariates and the outcome RDS, a stepwise, backward 
elimination procedure for.variable selection was used 
initially with significance to enter at p = 0.05 and to 
remove at p = 0.10. The equations for the mathemat- 
ical model are given in the Appendix.’ 

Infant survival and the use of mechanical ventilation 
also were examined. Determinations of L/S ratios were 
determined in many cases either on amniotic fluid ob- 
tained by amniocentesis or in vaginal pool fluid’ in 
cases of premature rupture of the membranes or in 
tracheal fluid? aspirated from endotracheal tubes 
within 5 hours of delivery in intubated newborn infants. 
These data were examined statistically by the Fisher 
exact test. ` 


Results 


During the year of study, 298 live premature infants 
were delivered to 263 mothers between 24 and 35 
weeks’ gestation. All infants, including 35 sets of twins, 
were admitted to the neonatal intensive care unit. The 
population was predominantly white (82%), with 29 
black infants and 25 classified as other (Table I). There 
were 68 infants with RDS, all of whom required assisted 
mechanical ventilation and supplementary oxygen 
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Table II. Maternal pregnancy factors (white) 


Factor n 





Tocolytics given 90 
PROM present 70 
Steroids 
0 or <24 hr 177 
24-72 hr 32 
>72 hr 35 
Delivery 
Vaginal 142 
Cesarean section with labor 56 
Cesarean section without labor 46 





Table ITI. White premature infants (n = 244) 


AN ER 





Sex 
Male 114 
Female 130 
RDS (n = 58) 
Ventilated 58 
Died 9 
Non-RDS (n = 186), 
Ventilated 47 
Died 6 
Weeks’ gestation 
24 1 
25 9 
26 9 
27 11 
28 20 
29 1] 
30 23 
31 : 30 
32 20 
33 4) 
34 31 
35 38 





therapy, including nine who died (13%). Of the 230 
infants without RDS, 61 (27%) required mechanical 
ventilation for other respiratory problems: wet lung 
(n = 30), apnea (n = 23), pneumonia (n = 3), hydrops 
(n = 3), and pulmonary hypoplasia (n = 2); seven of 
these died (3%). 

A total of 111 L/S ratios (37%) were obtained from 
amniotic or newborn tracheal fluid. In 37 infants, all 
of whom had RDS by clinical and radiographic criteria, 
the L/S ratios were immature (sensitivity 100%). In 74 
infants without RDS, 71 L/S ratios were mature while 
three were immature (specificity 95%). The latter three 
infants with low L/S ratios did not require mechanical 
ventilation or supplementary oxygen therapy. 

All cases (n = 298) were included in the initial step- 
wise logistic regression procedure (Appendix) investi- 
gating the association between the covariates (gesta- 
tional age, sex, race, etc.) and the incidence of RDS. 
Compared with the white population, infants of black 
mothers had a similar incidence of RDS (p = 0.9) while 
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no PROM - C Section no labour 
no PROM - C Section labour 


no PROM - Vaginal Detivery 


PROM .- Vagina! Delivery 


predicted probability of RDS 





24 26 28 30 32 34 36 
Gestational Age (wks) 


Fig. 1. Predicted probability of infant RDS related to gestational age (weeks) in the white population 
(n = 244). The risk of RDS was lowest in vaginally delivered infants in the presence of PROM 
(n = 49) and highest in those delivered by cesarean section without labor or PROM (n = 42). Those 
delivered by cesarean section in labor in the absence of PROM (n = 39) had the same risk of RDS 
as vaginal delivery without PROM (n = 93) and cesarean section without labor or PROM. The 
probability of RDS rose in all situations as gestational age decreased. 


Table IV. Stepwise logistic regression in white patients 





Variable Coefficient (B) SE p Value 
Intercept 10.50 : 1.97 <0.0001 
Gestation (wk) — 0.38 0.064 <0.0001 
PROM — 1.80 0.530 0.0002 
Cesarean section (no labor)* , 0.97 0.445 0.03 
Cesarean section (labor)* 0.77 0.459 0.09 
Steroid (24-72 hr)t 0.12 0.490 - 0.81 
Steroid (>72 hr)f — 1.38 0.701 0.03 





*Delivery was a categorical variable with three levels where vaginal delivery was the baseline. Indicator variables represented 
cesarean section without labor and cesarean section with labor. 


{Steroid administration of two doses before delivery was treated as a categorical variable with three levels, where no steroid or 
steroid given <24 hours before delivery was the baseline. Indicator variables represented are steroid given 24 to 72 hours or >72 
hours before delivery. 


infants of other races had significantly less RDS (p = Results from the logistic regression procedure ap- 


0.004). Because nonwhite infant numbers were small 
(Table I), only white mothers and their infants were 
included for further logistic regression analysis, Ma- 
ternal pregnancy characteristics studied are listed in 
Table II and infant sex, gestational ages, survival, in- 
cidence of RDS, and assisted mechanical ventilation re- 
quirements are shown in Table III. 


plied only to the white population are summarized in 
Table IV listing the levels of significance. Infant gender 
(male 148, female 150) and the administration of to- 
colytic drugs to the mother (n = 109) were not signif- 
icantly related to RDS, and these two variables were 
therefore removed from the subsequent analyses. The 
risk of RDS increased with decreasing gestational age 
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Table V. Delivery mode with or without PROM related to RDS in white patients 



















Delivery 





Vaginal 49 
Cesarean section 
Labor 17 
No labor 4 
Died 7 
TOTAL 70 


No. with RDS 


a wor 








No PROM 








No. with RDS 


93 2] 
39 13 
42 18 
8 6 
174 52 





(p < 0.0001), while the presence of PROM was asso- 
ciated with a low incidence of RDS (p < 0.0001) (Table 
IV). Delivery was a categorical variable with three levels 
where vaginal delivery was the baseline. Indicator vari- 
ables represented cesarean section without labor and 
cesarean section with labor. Compared with the vaginal 
route, delivery by cesarean section in the absence of 
labor increased the risk of infant RDS (p = 0.03). In 
deliveries by cesarean section with labor, the risk of 
infant RDS fell between but was not significantly dif- 
ferent at the 5% level from the risk associated with 
vaginal delivery (p = 0.09) and delivery by cesarean 
section without labor (p = 0.7) (Table IV). Steroid ad- 
ministration of two doses before delivery was treated 
as a categorical variable with three levels, where none 
or given <24 hours before delivery was the baseline, 
with indicator variables represented as given 24 to 72 
hours or >72 hours before delivery. Steroid therapy 
given to induce fetal lung maturity was associated with 
a reduction in the incidence of RDS only when admin- 


istered at least 72 hours before delivery (p = 0.03) 


(Table IV). The analysis did not change appreciably 
when twins were removed (n = 58), and therefore both 
twins and singletons are included. 

The predicted probability of RDS related to gesta- 
tional age in the presence or absence of PROM, and 
for the different delivery modes, is illustrated in Fig. 1 
from 24 to 36 weeks’ gestation. Compared with all de- 
livery routes without PROM, vaginal delivery with 
PROM showed a lower risk for RDS (Fig. 1). Predicted 
probabilities in the presence of PROM for other deliv- 
ery modes were not included because of the small num- 
ber of such cases (Table V). There were six infants with 
RDS in 70 cases of PROM (9%) compared with 52 cases 
in the absence of PROM (30%) (Table V). There were 
no cases of neonatal sepsis diagnosed by positive cul- 
tures in the infants delivered after PROM where the 
range of time from membrane rupture to delivery was 
from >24 hours to 63 days (median 3.0 days). All in- 
fants from these cases of PROM had septic screening 
at birth and were placed on a regimen of broad spec- 
trum antibiotics for 2 to’5 days. 

The death rate in white infants with RDS was 16% 





(n = 9), compared with 3% (n = 6) in infants without 
RDS (Table I1). Prolonged assisted mechanical venti- 
lation exceeding 7 days occurred in 47% of the RDS 
group compared to 23% of ventilated non-RDS infants 
(p < 0.01, Fisher’s exact test). 


Comment 


The strikingly reduced incidence of RDS in white 
infants delivered vaginally to mothers free of infection 


_ after PROM of >24 hours’ duration was seen from 24 


to 35 weeks’ gestation, rising from 10% at 30 to 35 
weeks to a 50% risk at 24 weeks (Fig. 1). This is in 
marked contrast to that incidence occurring in infants 
where PROM was absent and the delivery was by ce- 
sarean section without labor. The risk without PROM 
was approximately twice that seen at all gestational ages 
for those with PROM, reaching >80% in the more im- 
mature infants (Fig. 1). 

The association of PROM with a decreased incidence 
of RDS is not a new finding as Bauer et al.” first noted 
this relationship in 1974. In the National Institutes of 
Health collaborative trial of antenatal steroid therapy 
the protective effect of PROM in the placebo group 
also was demonstrated." Garite et al., however, found 
no difference in the incidence of neonatal RDS in moth- 
ers with PROM and conservative management com- 
pared with a group with PROM delivered 48 hours 
after steroid administration. The adverse effect of ce- 
sarean delivery on the incidence of RDS also has been 
noted in the past, and this is most significant when 
Jabor is absent. We have demonstrated again, in this 
study, the link of PROM in vaginal deliveries to a low 
risk of RDS, in contrast to a higher risk when PROM 
is absent and the delivery is by cesarean section without 
labor. In addition, the risk of RDS changes, rising as 
the gestational age decreases, the rate being dependent 
on the mode of delivery in premature white infants 
(Fig. 1). 

There was no difference in the effect of race on the 
incidence of RDS in this study between white and black 
infants, unlike in past reports,” while infants of other 
races had significantly less RDS as previously noted." 
Our numbers of infants who were not white were too 
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few (n = 54) to analyze independently. Male infants 
were no different from female infants in their risk for 


RDS, in agreement with previous studies.” The exclu- _ 
sion of twins from our analysis did not alter the risk of | 
RDS, unlike previous reports that suggest a greater risk . 


of RDS for the second-born twin.'* 

The administration of steroids to mothers in pre- 
mature labor has been shown to decrease the incidence 
of RDS in gestations of >27 weeks but not in more 
immature infants given dexamethasone at least 24 
hours, but not later than 7 days, before delivery.'* '° 
Our findings with betamethasone concur, even with less 
mature infants, although we did not exclude those 
mothers who received steroid more than a week before 
delivery. Whether it is the steroid administration alone 
or the delay in delivery, allowing spontaneous fetal pul- 
monary maturation, or a combination of both that re- 
duces the risk of RDS in newborn infants remains to 
be elucidated. i 

The administration of maternal tocolytics (isoxsu- 


prine or ritodrine) showed no relationship to the risk - 


of RDS in our infants. A recent review of the efficacy 
of tocolytics in preterm labor summarizing the many 
publications on this subject concluded that the inci- 
dence of severe respiratory disorders in the newborn 
is not reduced, although an unequivocal beneficial ef- 
fect was seen in delaying the delivery.’ We did not ex- 
amine our population for this latter influence of the 
use of tocolytics. 

The diagnosis of RDS depends on clinical and ra- 
diologic interpretation. Biochemical estimations of 
L/S ratios did support our early diagnosis. Even in 
infants of <28 weeks, pulmonary surfactant maturity 
is not uncommon." 

The impact of RDS on mortality in our premature 
infants was high; 13% of babies with RDS died com- 
pared with 3% of non-RDS infants. Prolonged assisted 
mechanical ventilation (>7 days) was required in 47% 
of the infants with RDS compared with 23% of venti- 
lated, non-RDS babies (p < 0.01). There were seven 
deaths in 70 white infants where PROM occurred 
(Table V), three in infants with RDS, all born at 25 
weeks’ gestation. Two other neonatal deaths were due 
to Potter’s syndrome and herpes encephalitis, both con- 
firmed at postmortem examination; one was a late 
death at 3 weeks of age in a 26-week infant with nec- 
rotizing enterocolitis. One other death resulted from 
severe pulmonary hypoplasia in a 26-week infant of a 
pregnancy in which membranes had been ruptured for 
63 days. Pulmonary hypoplasia is a recognized hazard 
to the fetus where membranes are ruptured at or before 
20 to 21 weeks with a subsequent ongoing significant 
amniotic fluid leak.*° It is difficult to know whether an 
earlier delivery would have benefited this infant in the 
presence of the marked prematurity (<26 weeks). 
None of the infants of gestations with PROM had in- 
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fections in this series: this finding is similar to other 
reports where. the risk of fetal infection was low.** '%?! 

In attempts to reduce the impact of RDS on pre- 
mature infant mortality and morbidity our experience 
in a regional perinatal referral center supports the find- 
ings that conservative obstetric management of at-risk 
mothers with PROM is associated with a decline in the 


` incidence of neonatal RDS.**®?3 Less clear is the influ- 


ence of the administration of maternal tocolytic drugs 


- to inhibit labor as we and others’ have not shown a 
~ direct decrease in the risk for RDS. Corticosteroid ther- 


apy, appropriate in dose and timing, has-a protective 
effect in more mature infants (>27 weeks), "° although 
our experience also included those less mature. Deliv- 
ery by the vaginal route, where possible and appro- 
priate, is preferable because cesarean delivery, partic- 
ularly if labor is absent, can be associated with an in- 
creased incidence of RDS.'*'® 
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Appendix 

A backward stepwise logistic regression procedure 
was used to analyze the association between various 
explanatory or predictor variables and the probability 
of RDS. This was accomplished with the LOGIST pro- 
cedure from the Statistical Analysis System’s supple- 
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mentary library. If p represents the probability of RDS, 
then the logistic regression model is of the form: 


(p) 


ej- pP tBX +t... + BX, 


where X,,..., X, are the explanatory variables (which 
may include both continuous variables and indicator 
variables for categories) and Bo, Bi, ..., By are the co- 
efficients to be estimated; 0 is the intercept. This equa- 
tion could be reexpressed as: 


_ exp (Bo + BX, +... + BX) 
_ + exp (By + BX, +... +B,X,) 





A backward stepwise regression procedure starts with 
all explanatory variables of potential interest in the 
model. At each step one variable may be deleted; all 
variables included in the model are examined, and the 


_one with the smallest maximum test statistic, provided 


it has a significance level greater than a specified level 
for removal, is withdrawn. After one variable is re- 
moved, if any are eligible, each variable not in the 
model is examined, and if any has a significance level 
smaller than some specified level for entry, it is added. 
The procedure continues until no further variables are 
eligible to be added or deleted.” 
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The effect of disopyramide on uterine contractions 
during pregnancy 


Ofer P. Tadmor, MD," Andre Keren, MD,” Dani Rosenak, MD," Michael Gal, MD; 
Michael Shaia, MD, Eliezer Hornstein, MD, Haim Yaffe, MD, Eran Graff, MD, 
Shlomo Stern, MD,” and Yoram Z. Diamant, MD* 


Jerusalem and Tel Aviv, Israel 


. To evaluate the effect of disopyramide on uterine contractions during pregnancy, the drug was given for 48 - 
hours to 10 women with indications for labor induction. Placebo was given to 10 other women with the 
same indications for induction. During the study period, regular uterine contractions occurred in 10 women 
in the study group, as compared with none in the control group (p < 0.0001). Eight women in the study 
group were delivered of infants within 48 hours, as compared with none in the control group (p < 0.0001). 
The mean time until the appearance of regular uterine contractions in the study group (4.15 + 1.76 hours) 
was significantly shorter (p < 0.001) than that in the control group (56.13 + 5.28 hours). Patients who 
were not delivered of infants within 48 hours received other medications (prostaglandin E,, oxytocin). The 
mean maternal blood level of disopyramide at the time of appearance of uterine contractions was 

1.52 + 0.9 mg/ml. The mean maternal! level at delivery was 0.93 + 0.43 mg/ml and the cord blood level 


at the time of delivery was 0.33 mg/ml (cord blood/maternal level ratio = 0.36, r = 0.73, p < 0.05). 
These results indicate that disopyramide should not be used in pregnancy for antiarrhythmic purposes 
because it may induce uterine contractions and delivery. (AM J Osstet GynecoL 1990;162:482-6.) 


Key words: Pregnancy, disopyramide, uterine contractions, induction of labor 


Disopyramide is an antiarrhythmic agent with elec- 
trophysiologic properties similar to those of procain- 
amide and quinidine.' Disopyramide is as effective as 
quinidine in the treatment of patients with ventricular 
and supraventricular tachyarrhythmias, but has fewer 
gastrointestinal side effects.' The agent abolished ven- 


tricular tachyarrhythmias that did not respond to other - 


medications.’ Disopyramide is absorbed from the diges- 
tive system at a rate of 60% to 83% and the highest 
plasma concentration is reached 3 hours after its ad- 
ministration. The half-life of the drug is between 4 to 
10 hours, with an average of 6.5 hours.’ 

On the basis of two case reports,** the literature pre- 
sents conflicting opinions about the safety of disopyr- 
amide administration during pregnancy. Rotmensch 
et al.?° contraindicated its use in pregnancy, Mitani 
et al.' advocated its use, and Lees et al.° could not reach 
a clear conclusion. 

This article describes a prospective, placebo- 
controlled, randomized, double-blinded study in preg- 
nant women, aimed at the assessment of whether di- 
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sopyramide causes uterine contractions and whether 
these contractions can induce labor. 


Material and methods 


A total of 20 healthy women 20 to 38 years old who 
were hospitalized for induction of labor in week 38 to 


` 43 of pregnancy were studied. In each case, induction 


of labor had been indicated because of medical reasons 
(Table I): postterm, macrosomia, pregnancy-induced 
hypertension, or class A or B diabetes mellitus. The 
clinical and obstetric-gynecologic histories of each pa- 
tient were carefully recorded. l 

All patients underwent obstetric evaluation and were 
examined by an experienced cardiologist. Women with 
organic heart disease or those with medical or obstetric 


~ contraindications for induction of labor were excluded 


from the study. Before recruitment all patients were 
informed of the research protocol and were asked to 
sign an informed consent form attesting to their agree- 
ment to participate in the study. Without knowledge of 
the physicians involved in patient care, the patients 
were randomly divided into research (10 patients) and 
control (10 patients) groups. The randomization was 
performed according to the order in which the patients 
joined the research:.odd numbers were included in the 
research, whereas even numbers were enrolled in the 
control group. 

After obstetric and cardiologic examination the es- 
timated fetal weight, position, and biophysical scoring 
were evaluated by ultrasonography. Fetal well-being was 
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Table I. Clinical parameters in the study and control groups 























Obstetric 
history 


Indication 
for induction 


Pregnancy 
(wk) 


Patients | Age 





Study group ( disopyramide) 
3I G 


1 GP; LC; 41 Macrosomia 
2 29  GPAb;, 40 Abdominal 
: pain ‘ 
3 22 G,P,Ab,LC, 40 Post date 
4 28 G;P;LC; 40 PIH 
5 31 GsP,LC, 39 PIH 
6 21 GP, 40 Post date 
7 26  G,P,LC; 42 Post term 
8 31 1Po 41 Macrosomia 
9 27 GP LC; 40 Macrosomia 
10 33 GP ,Ab;LC; 40 DM class B 
Control group (placebo) 
11 20 GP, 40 PIH 
12 21 G,P,LC, 39 PIH 
13 21 GsP,ND,LC, 39 Macrosomia 
14 30 G,P.LC, 42 Post term 
15 38 G,;P;Ab,LC, 40 Macrosomia 
16 28 GP,LC, 40 Macrosomia 
17 25 GeP,LC, 38 PIH 
18 23 GeAb, 40 PIH 
19 20 GP 42 Post term 
20 21 G,Abs 40 DM class A 


Time (hour) to 























Other 
protocols 


used 


Newtorn 
weight 


(gm) 


li 16 Vaginal 4.450 
76 84 PGE, Vaginal 2.900 
Oxytocin 
44 48 Vaginal 3.400 
6 10 Vaginal 3.670 
47 56 Vaginal 2.450 
36 38 Vaginal 3.650 
5 7.5 Vaginal 3.350 
38 42 Vaginal 3.920 
60 64 PGE, Vaginal 4.350 
Oxytocin 
14 18 Vaginal 4.100 
67 72 Arm Vaginal 3.340 
Oxytocin 
56 57 Oxytocin Vaginal 2.800 
62 65 PGE, Vaginal 3.890 
Oxytocin 
64 Cesarean 4.900 
section* 
57 58 PGE, Vaginal 3.700 
Oxytocin 
59 60 PGE, Vaginal 4.250 
Oxytocin 
55 60 Oxytocin Vaginal 3.000 
69 72 PGE, Vaginal 3.360 
Oxytocin 
57 65 Oxytocin Cesarean 4.100 
; sectiont 
72 Oxytocin Cesarean 3.400 
section 


Ab, Abortion; DM, diabetes mellitus; G, gravidity; LC, live children; ND, neonatal death; P, parity; PIH, pregnancy-induced 


hypertension. 


*Cesarean section performed because of breech presentation. 


tCesarean section performed because of arrest of descent. 


Cesarean section performed because of fetal distress. 


evaluated with nonstress tests. Cephalopelvic dispro- 
portion was excluded by roentgenogram pelvimetry. 
Disopyramide 150 mg or placebo was administered 
at time 0, and thereafter every 6 hours for 48 hours. 
The cumulative disopyramide dose was 1200 mg. The 
administration of disopyramide or placebo was stopped 


if the patient gave birth before the 48 hours of the. 


protocol. 

` Obstetric follow-up included recording the time of 
the appearance of regular uterine contractions, the 
time of cervix dilatation of 6 cm, and time of delivery. 
Regular uterine contractions were defined as occur- 
rence of at least three regular contractions during a 10- 
minute period. If regular contractions and labor oc- 
curred during the first 48 hours after administration 
of the agent (or placebo), fetal membranes were rup- 
tured only when dilation of the cervix reached 8 cm. 
Oxytocin was not begun until the second stage of birth, 
when the cervix was fully dilated. Patients who did not 


develop active labor within 48 hours after administra- 
tion of disopyramide or placebo were induced with 
standard protocols such as oxytocin and artificial rup- 
ture of the membranes. The decision to give prosta- 
glandin E, (PGE,) together with oxytocin or just oxy- 
tocin and artificial rupture of the membranes, was 
made according to the stage of effacement of the cervix. 


‘Previous restrictions on early rupture of fetal mem- 


branes were abolished after transfer to standard pro- 
tocols. 

There were 12 lead electrocardiograms performed 
at the time of recruitment and at 5, 11, 23, and 41 
hours after beginning of the protocol. Base-line fetal 
heart rate (FHR) tracings were performed in each case 
and during the course of the entire 48 hours of in- 
duction of labor. Newborn electrocardiograms were re- 
corded about 2 hours after birth. 

The serum level of disopyramide was measured in 
the maternal serum during regular uterine contrac- 
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Table II. Obstetric outcome of the study and control groups 


Study group Control group 
n= 10 n= 10 p Value 


Time to regular uterine contractions (hours) 4.15 + 1.76 56.13 + 5.28 p < 0.001 
Time to cervical dilatation =6 cm (hours) 33.7 + 23.0 60.25 + 4.92 NS 
Time to delivery (hours) 38.35 + 24.14 64.5 + 5.55 NS 
Regular uterine contractions within 48 hours (n) 10 ; Oo o p < 0.0001 
Delivery within 48 hours (n) 8 0 p < 0.001 
Cesarean section (n) 0 3 NS 
Newborn weight (gm) 3624.0 + 628.41 3668.0 + 633.2 NS 
l-minute Apgar score 8.1 + 1.37 8.6 + 0.7 NS 
5-minute Apgar score 9 9 NS , 





Numerical values are mean + SD. 


Table III. Levels of disopyramide in maternal and cord blood 








Maternal blood 









Cord blood 




















At time of regular 
uterine contractions 


Blood level (n = 9) 


Mean 1.52 mg/ml 
' + SD + 0.9 


9 hours after 
first dose 
(n = 8) 


1.76 mg/ml 
+ 0.65 












At time of delivery 
(n = 6) 


At time of delivery 
(n = 6) 








0.93 mg/ml 
+ 0.43 


0.33 mg/ml 
+ 0.19 


Ratio cord blood/maternal level = 0.36 (36%); correlation coefficient cord blood/maternal level at time of delivery r = 0.73; 


p < 0.05. 


tions, 9 hours after receiving the first dose, and im- 
mediately after delivery. The level of the drug was also 
measured in the umbilical cord blood immediately after 
birth. The serum obtained after centrifugation was 
stored. The disopyramide concentration in the serum 
was determined by the homogeneous enzyme immu- 
noassay method (Syva; Palo Alto, Calif.), with an Abbott 
ABA-100 analyzer (Abbott Laboratories, North Chi- 
cago, Ill.). The tests were checked in duplicate after 
having been previously diluted to a concentration of 
one sixth in a buffer. Tests that produced low values 
were tested again by a lower dilution. Hemolytic sera 
were not evaluated. Test sensitivity was 0.01 mg/L, and 
the average batch variability for this test was 3.5% (co- 
efficient of variation). The difference between dupli- 
cates was negligible to the third decimal place in units 
of absorption. | l 


Results 

The baseline clinical and obstetric parameters of the 
disopyramide and placebo groups are summarized in 
Table I. The maternal age, parity, length of pregnancy, 
and reasons for labor induction were similar in the two 
groups (p = NS). The obstetric outcome of the study 
group and of the control group is presented in Table 
II. Within 48 hours uterine contractions developed in 
all cases of the study group and active labor followed 
by delivery occurred in eight cases. In the control group 
regular uterine contractions and delivery did not occur 
within the 48 hours of the protocol (p < 0.001). 

In eight of the 10 cases of the study group, cervical 
dilatation of =6 cm was reached within an average of 


25 hours and delivery occurred within an average of 
29 hours. In the two remaining patients, despite early 
regular uterine contractions, delivery occurred 84 and 
64 hours after beginning of the protocol. Thus, a sec- 
ond protocol was required after 48 hours in all controls 
but in only two of 10 cases treated with disopyramide 
(p < 0.001). Because of only partial response to diso- 
pyramide in two cases of the study group, the com- 
parison of the time to delivery in the study (38.3 + 24.1 
hours) and control group (64.5 + 5.6 hours) did not 
reach a statistically significant difference. , 

Three patients in the control group underwent 
cesarean section (Table I), whereas all patients in 
the study group were vaginally delivered of infants 
(p = NS). Newborn weight and Apgar scores were sim- 
ilar in the two groups (p = NS). 

Analysis of FHR tracings was performed before the 
first dose of the medication, 3 hours after the first dose, 
and during the first and second stages of labor. No 
differences were found in FHR between the groups 
(p = NS) at baseline and during the follow-up. Long- 
term variability of FHR showed significant (p < 0.005) 
differences between the two groups before and 3 hours 
after the medication. Long-term variability was lower 
before medication and higher 3 hours later in the re- 
search group, as compared with that in the control 
group. 

Maternal electrocardiographic parameters were 
compared at baseline and after the last dose of drug 
or placebo. No significant differences were found . 
between the two groups. Maternal heart rate did 
change in the placebo and study groups during the 48 
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hours of the protocol, but changes were similar in the 
two groups (p = NS). Electrocardiographic parameters 
(heart rate, PR, QRS, QT, and QTC intervals) of new- 
borns in the disopyramide and the placebo group were 
very similar 2 hours after birth (p = NS). 


Table III summarizes the serum levels of disopyra- ` 


mide in the maternal blood at the time of regular uter- 
ine contractions (1.52 + 0.9 mg/ml), 3 hours after the 
second dose of disopyramide (1.76 + 0.65 mg/ml), and 
at the time of delivery (0.93 + 0.43 mg/ml). The level 
of disopyramide in the newborn at time of delivery 
was 0.33 + 0.19 mg/ml, with a newborn umbilical 
cord/maternal level ratio of 0.36, r = 0.73, p < 0.05. 


Comment 

Disopyramide is a widely used antiarrhythmic drug 
that has been used to abolish supraventricular and ven- 
tricular arrhythmias.”? A review of the literature shows 
a surprising scarcity of data concerning the use of 
this agent during pregnancy in the clinical setting.” * 
Animal studies have not shown a teratogenic effect or 
induction of uterine contractions after administration 
of high doses of disopyramide (£150 mg/kg per day). 
Low fetal weight was reported in these experiments 
after administration of high doses of the drug.” ° 
These studies showed that disopyramide crosses the 
placenta*® and is excreted in the breast milk.*° 

Previous clinical experience with administration of 
the agent during pregnancy is limited to two case re- 
ports. Leonard et al.’ reported the case of a 31-year- 
old woman in her week 32 of pregnancy who had mitral 
valve prolapse associated with paroxysmal supraven- 
tricular tachycardia and multifocal premature ventric- 
ular contractions. Treatment with other antiarrhythmic 
medications was unsuccessful. Uterine contractions ap- 
peared 60 minutes after administration of disopyra- 
mide 300 mg. The drug was administered every 6 hours 
for 20 hours, and the uterine contractions reappeared 
1 or 2 hours after each dose. The second report? was 
of a 27-year-old patient with ventricular tachycardia. 
She received 200 mg of disopyramide every 8 hours 
for 14 weeks until the week 40 of pregnancy, without 
any side effects. On the basis of these two case re- 
ports, contradictory recommendations on the use of 
disopyramide during pregnancy can be found in the 
literature." * 5° 

The present double-blinded, placebo-controlled clin- 
ical trial proved that the use of disopyramide as 
an antiarrhythmic agent should be strictly avoided dur- 
ing pregnancy. Administration of disopyramide in 
therapeutic doses during term pregnancy was associ- 
ated with the appearance of uterine contractions in all 
cases and disopyramide induced delivery in 8 of 10 
cases (p< 0.001). The medication did not cause a 
significant change in maternal or newborn heart rate. 
According to FHR charts, 3 hours after administra- 
tion of disopyramide a significant rise in long-term 
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variability occurred, as compared with the control 
group and to the baseline premedication values. This 
rise in long-term variability could be a response of the 
fetus to the appearance of uterine contractions or 
could be induced by disopyramide. Other parameters 
of fetal-cardiac activity and postdelivery electrocardio- 
grams were similar in the control and the research 
groups. 

In our study the serum levels of disopyramide during 
regular uterine contractions (1.5 mg/L) were lower 
than levels accepted as effective for the treatment of 
cardiac arrhythmias (3 to 5 mg/L). The ratio of um- 
bilical cord/maternal level was 0.36. This finding is 
comparable to the ratio reported by Shaxted et al.* 

The fact that disopyramide induced effective uterine 
contractions and labor in term pregnancies without sig- 
nificant side effects to the mother or fetus might be of 
interest. As shown by our results, the integrated activity 
of the medication caused both cervical ripening and 
effective uterine contractions. These preliminary re- 
sults show that disopyramide compares favorably with 
the 50% effectiveness of PGE, in induction of labor.'° 
Therefore, disopyramide might be theoretically con- 
sidered for evaluation as an additional agent for in- 
duction of labor. 
` However, some findings in our small series raise ques- 
tions with regard to the feasibility of disopyramide for 
induction of labor: 

1. In 2 of 10 women delivery was not achieved by 
the drug. 

2. In the eight women delivered of infants after ad- 
ministration of disopyramide, the labor was prolonged 
(mean 29.4 hours) as compared with an average of 11.5 
hours of labor reported after use of cervical PGE,." 
Perhaps the dilution of the agent by the high blood 
volume associated with pregnancy could have been re- 
lated to the protracted labor. 

3. The potential danger of inducing severe ventric- 
ular arrhythmias with high doses of disopyramide'*" 
should be also considered, although these arrhythmias 
were reported only in patients with proved cardiac pa- 
thology. l 

This study did not elucidate the mechanism by which 
disopyramide induced uterine contractions. It is known 
that similar to quinidine, the drug decreases conduction 
through the His-Purkinje system and prolongs the ef- 
fective and functional refractory periods of the atria 
and ventricles.’ In addition, the drug has a pro- 
nounced anticholinergic activity and enhances heart 
failure in patients with preexistent ventricular dys- 
function. Perhaps the induction of uterine contractions 
may be related to a direct blockade of the uterine B- 
receptors, or to an increase in the level of agents known 
to induce labor (oxytocin and PGE»). 


We thank Iris Weinfeld, Anna Harsat, and Hanna 
Sebag for their assistance. 
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Great emphasis has been placed on recognition of the early warning symptoms of preterm labor by both 
pregnant women and health care providers. In addition to the expected increase in both painless and 
painful uterine contractions, several symptoms have been commonly cited in textbooks and patient 
educational materials as preceding preterm labor including menstrual-like cramps, backache, pelvic 


pressure, and an increased amount of vaginal discharge. We interviewed 107 women with preterm labor, 
102 women with preterm prematurely ruptured membranes, and 106 ambulatory normal pregnant women 
to ascertain the frequency of each of eight putative warning symptoms of preterm labor in each group. 
Preterm labor patients were distinguished as expected from both normal women and amniorrhexis patients 
by a greater frequency of painful and painless contractions. Menstrual cramps, backache, and increased 
vaginal discharge, symptoms often said to be normally present in pregnancy, were also significantly more 
common in preterm labor patients than in women with preterm membrane rupture and in normal subjects. 
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Recent efforts to prevent preterm birth have focused 
on prompt recognition by both patients and health care 
providers of the earliest prodromal symptoms of pre- 
term labor.' In addition to painful and painless con- 
tractions, symptoms such as pelvic pressure, menstrual- 
like cramps, increased vaginal discharge, pain in the 
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Table I. Patient demographic data 
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Preterm labor 


(n = 107) 
Maternal age (yr) 
Mean” 23 
Range 14-36 
Maternal race (%) : 
White*t 65 
Nonwhite 35 
Marital status (%) 
Married*t 62 
Maternal education 
High school grad. 66 
Oth-llth grade 31 
9th grade 3 
Parity (%) 
Nulliparous 48 
Gestational age (at in- 
terview) 
Mean* 28 
Range 20-36 
Gestational age at de- 33.8 
livery*t 
Twin gestation (%)*t 7 
History of 2nd or 3rd 20 
trimester bleeding 7 days 
_ before interview (%)*t 
Cigarettes, 10/day (%)t 19 
Urinary tract infection this 30 
pregnancy (%)* . 
Previous preterm deliveries 23 
(%)* 





Normal Preterm PROM 
(n = 106) (n = 102) 
24 25 
14-42 14-39 
51 75 
49 25 
51 68 
70 76 
27 20 

-3 4 
46 51 
31 31 

23-36 : 20-37 

38.6 31.8 

1 12 
10 23 
12 29 
16 18 
12 9 


*Difference between preterm labor and control is significant, p < 0.05. 


tDifference between PROM and control is significant, p < 0.05. 


low back or legs, and diarrhea or abdominal cramps 
have also been mentioned. Such symptoms are thought 
to be common in normal pregnancy, and therefore are 
often dismissed without investigation by patients, phy- 
sicians, and nurses. Nevertheless, these symptoms have 
been promoted in several textbooks,’ articles,’ and pa- 
tient educational materials* as heralding the onset of 
premature labor. We could not find any report in the 
recent literature of the frequency of these symptoms 
among women with preterm labor. Therefore we de- 
signed this study to elicit the prevalence of these com- 
monly cited symptoms in women hospitalized with pre- 
term labor. These data were then compared with data 
from a group of ambulatory normal pregnant women 
and from a third group of women with preterm pre- 
mature rupture of the membranes (PROM). 


Methods 


A total of 107 women hospitalized for preterm labor 
and 102 women hospitalized for PROM were inter- 
viewed within 7 days of admission to the hospital. 
Thirty (28%) of the 107 preterm labor patients and 42 
(41%) of the 102 preterm PROM patients were deliv- 
ered of infants before the interview was conducted. Of 
the preterm labor patients 27 (25%) were eventually 


delivered of infants after 37 weeks’ gestation; all of the 
PROM patients were delivered of infants before 37 
weeks. Preterm labor was diagnosed according to the 
criteria of the March of Dimes Multicenter Preterm 
Birth Prevention Trial; these criteria require cervical 
change and a contraction frequency of eight per hour 
unresponsive to bed rest and hydration if the cervix is 
<2 cm and 50% effaced. For women whose cervices 
were >2 cm and 50% effaced, a contraction frequency 
of eight per hour or-four in 20 minutes unresponsive 
to hydration was required. The diagnosis of preterm 
amniorrhexis was established by the presence of at least 
two of the three standard findings of positive Nitra- 
zine test results, ferning, and pooled fluid in the vagina. 

Each woman with preterm labor or preterm PROM 
was asked to respond with a simple “yes” or “no” answer 
to the question, “Did you have the onset of this symp- 
tom within the 7 days preceding your admission to the 
hospital?” with regard to each of eight symptoms. A 


. total of 106 normal women from the ambulatory clinic 


population were asked the same questions about symp- 
toms they had during the preceding week. Neither pre- 


term labor nor preterm PROM subsequently developed 


in the normal patients. The questionnaire was admin- 
istered in oral fashion by one of three examiners 
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Pelvic Menstrual Abdominal Thigh 
Pressure Cramps Cramps & Pain 
Diarrhea 


Fig. 1. Frequency of putative preterm labor symptoms during week preceding interview in 107 
subjects with preterm labor, 102 with preterm PROM, and 106 normal pregnancies. 


(R. S., F. J., or R. W.). Comparison of the frequency of 
positive responses did not reveal any significant inter- 
examiner differences. To minimize the effect of ma- 
ternal education and. parity, the normal pregnancy 
group was selected to be comparable in these respects 
to the preterm labor group. The ambulatory group 
was matched to the preterm labor group for parity 
(parous/nulliparous), education (high school and be- 
yond, completed ninth to eleventh grade, or <ninth 
grade), and gestational age at the time of the interview 
to within 2 to 3 weeks. The PROM group was demo- 
graphically similar to the preterm labor group except 
for frequency of previous preterm delivery and ciga- 
rette smoking. 

At the time this study- was conducted, written infor- 
mation about preterm labor symptoms was not given 
to women who attended our prenatal clinic. Data were 
tabulated and two-by-two comparisons were made be- 
tween the preterm labor patients, the PROM patients, 
and the normal patients. The test of significance used 
was x”. Demographic data for each group are displayed 
in Table I. 


Results 


Results are displayed in Fig. 1. Significantly more 
women with preterm labor than normal pregnancies 
responded affirmatively to questions about both painful 
(p < 0.0001) and painless (p < 0.0001) contractions, 
menstrual cramps (p < 0.001), backache (p < 0.0005), 
pelvic pressure (p < 0.0005), and changes in vaginal 
discharge (p < 0.0001). Patients with PROM were sig- 
nificantly distinguished from normal patients only by 
responses to the questions about pelvic pressure (p < 
0.03) and vaginal discharge (p < 0.001), although slight 


trends were evident for complaints of menstrual-like 
cramps (p = 0.12) and painless contractions (p = 
0.11). Preterm labor patients responded positively sig- 
nificantly more often than did PROM patients to ques- 
tions about painful (p < 0.0001) and painless (p < 
0.0001) contractions, menstrual cramps (p< 0.01%, . 
backache (p< 0.001), and vaginal discharge (p< 
0.001). Thigh pain, abdominal cramps, and diarrhea 
occurred with equal frequency in all three groups. 

A significant minority of women with preterm labor 
(26%) denied both painful and painless contractions 
before preterm labor. A total of 13% of preterm labor 
patients gave a negative response to all questions that 
referred to contractions or menstrual-like cramps. A 
total of 68% of PROM subjects and 72% of normal 
patients denied feeling any contractions during the 
week preceding the interview. 

Among the 107 women with preterm labor, several 
additional analyses were performed. Women who had 
preterm labor but were delivered of infants at >37 
weeks (n = 27) were compared with normal patients to 
determine whether the differences reported for the 
whole group of preterm labor subjects persisted in 
those whose preterm labor was successfully arrested; 
the successfully treated preterm labor subjects were sig- 
nificantly different from normal patients in the fre- 
quency of positive responses to questions about painful 
and painless contractions, increased vaginal discharge, 
pelvic pressure, and backache. These 27 subjects with 
preterm labor and term delivery were then compared 
with those with preterm labor who were delivered of 
preterm infants. A change or increase in vaginal dis- 
charge was significantly more common in those deliv- 
ered of preterm infants than in those delivered of in- 
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fants at term (66% versus 37%, p = 0.02). Menstrual 
cramps were also more frequent (48% versus 26%) in 
women with preterm labor and preterm delivery than 
those in women with successfully treated preterm labor 
(p = 0.05). The other symptoms occurred with similar 
frequency in both subsets of the preterm labor patients. 


Comment 


The format for most chapters in a standard clinical 
textbook, whether in obstetrics and gynecology or an- 
other discipline, will commonly include a section that 
describes the symptoms of the disease being described. 
These data are typically derived from a study such as 
this one in which subjects with the disorder are inter- 
viewed after the diagnosis has been made about the 
symptoms experienced as the illness became evident. 
Because such data are obtained retrospectively, they 
cannot be considered to have predictive value without 
prospective validation. They are also subject to the myr- 
iad faults of retrospectively collected data, especially 
recall bias. Nevertheless, such data are helpful in alert- 
ing the clinician to the possible clinical significance of 
various complaints, especially when they occur in a sub- 
ject at risk for the disease. Therefore it is highly re- 
markable that preterm labor, one of the principal con- 
tributors to perinatal morbidity and mortality, has here- 
tofore not been addressed in this fashion. We searched 
the literature for a simple descriptive study of the pro- 
dromal symptoms of preterm labor and were surprised 
to find that none existed. The most probable reason 
for this gap in the literature surrounding preterm labor 
is the presumed frequency of these putative preterm 
labor symptoms among normal pregnant women. Most 
of us can recall our first reaction to hearing these symp- 
toms touted as warnings of possible preterm labor: “If 
I checked everyone who had one or more of those 
symptoms, I’d see all my patients every day!” Therefore 
we designed this relatively simple study to compare thie 
prevalence of these symptoms in normal pregnant 
women with that in patients who were recently treated 
for preterm labor. An attempt was made to minimize 
the effects of parity and maternal educational back- 
ground by selecting normal women matched for these 
variables. We also attempted a match for gestational 
age within 2 to 3 weeks. 

Women with preterm amniorrhexis were also inter- 
viewed to control insofar as possible for the anticipated 
recall bias expected in women recently hospitalized. 
These women with preterm PROM were demograph- 
ically similar to the preterm labor patients. The am- 
bulatory normal women not surprisingly differed from 
both preterm labor and preterm PROM patients in sev- 
eral common risk factors for preterm birth. — 

Despite the limitations of our study design, we believe 
the data presented here lead to several useful obser- 
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vations. First, whereas contractions were certainly much 
more frequent in women with preterm -labor than in 
either PROM patients or normal patients, it is remark- 
able that painful contractions were reported by fewer 
than half the patients with preterm labor. Indeed, 26% 
of study participants with preterm labor denied being 
aware of any uterine activity, both painful and painless. 
Women who deny uterine activity may apparently still 
have preterm labor, especially if other symptoms of 
preterm labor are present. Newman et al.’ reported 
that self-palpation of uterine activity detected only 15% 
of the contractions recorded by a guard-ring type to- 
codynamometer, so this observation is perhaps not sur- 
prising. f 

Second, a change or increase in vaginal discharge was 
the symptom that most distinguished preterm labor 
patients from normal patients, and was also associated 
with preterm delivery in those with preterm labor. A 
certain amount of vaginal discharge is often said to be 
normal in pregnancy, so it is important to describe fully 
how this question was asked. Women were not asked 
whether they had any vaginal discharge, but rather 
whether they noted any change in the character or 
amount of vaginal discharge within the 7 days preced- 
ing the interview. The frequency of positive responses 
to questions about discharge in women with PROM may 
simply indicate early fluid leakage, but that cannot be 
the explanation for the high frequency of this finding 
in women with preterm labor. Therefore it seems im- 
portant at least to carefully explore any complaint of a 
change in vaginal discharge in the second and third 
trimesters of pregnancy. This symptom may indicate 
incipient preterm labor, membrane rupture, or vagi- 
nitis. 

Third, the frequency of these symptoms in a group 
of normal ambulatory pregnant women was in fact rel- 
atively high, ranging from 10% for painful contractions 
to 25% for backache. Therefore the predictive value of 
a positive response to any single symptom may be ex- 
pected to be rather low, especially in apparently normal 
women. However, the presence of several of these 
symptoms, especially if the symptoms are persistent, 
should prompt further investigation. Prospectively col- 
lected data are necessary to establish the predictive 
value, specificity, and sensitivity for such symptoms in 
both low- and high-risk patients. 

In summary, these data indicate that an increased 
vaginal discharge, pelvic pressure, menstrual cramps, 
backache, and painful and painless contractions are all 
more commonly reported by women with preterm la- 
bor than by normal pregnant women; all but pelvic 
pressure were more common in women with preterm 
PROM. Women who report the persistence of such 
symptoms, despite rest and hydration, should not be 
routinely reassured without assessment of cervical sta- 
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tus and uterine activity. At present it seems prudent to 
educate all pregnant women about these prodromal 
preterm labor symptoms, much as is done for the 
equally nonspecific common early symptoms of pre- 
eclampsia. 
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Macrosomia: Influence of maternal overweight among a 


low-income population 
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Atlanta, Georgia 


Macrosomia (birth weight >4000 gm) is associated with a wide variety of adverse intrapartum and 
perinatal outcomes. To evaluate the effect of pregravid obesity on infant birth weight, we examined data 
from a low-income population of women (n = 127,879). The population was divided into five groups on the 
basis of pregravid body mass index (weight/height®) designated by the National Health and Nutrition 
Examination Survey II reference population (<25th percentile, 25th to <75th percentile, 75th to <85th 
percentile, 85th to <95th percentile, and =95th percentile). The prevalence of infant macrosomia ranged 
from 5% for the lowest group to 17% for the highest group. With the use of the second group (25th to 
<75th percentile) as a reference, odds ratios (adjusted for maternal age, smoking status, race, height, 
parity, gestational age, and infant sex) for macrosomia for the five sequential weight groups were 0.6, 1.0, 
1.3, 1.6 and 2.2, We conclude that pregravid overweight had a significant independent effect on birth 


weight outcome. (Am J OBSTET GYNECOL 1990;162:490-4.) 


Key words: Fetal macrosomia, birth weight, obesity 


Macrosomia (birth weight >4000 gm) is associated 
with increased risk of infant birth trauma, fetal death, 
and cesarean deliveries.’ Early recognition of maternal 
factors that contribute to macrosomia may decrease the 
incidence of birth injuries.” Because the prevalence of 
macrosomia increased in the U.S. population from 
8.2% in 1965° to 11.1% in 1984,* the potential morbid- 
ity from macrosomia may escalate. 

Obese gravidous women have higher levels of hy- 
pertension, hyperglycemia, prolonged labor postam- 
niotomy, postpartum hemorrhage, and puerperal py- 
rexia than do pregnant women who are not obese. 
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Because the prevalence of macrosomia is higher among 
infants born to obese mothers than among infants born 
to nonobese mothers, macrosomia is of particular con- 
cern in low-income populations in which obesity is a 
major health problem.” Furthermore, because low- 
income populations may have limited access to medical 
care, they may incur even greater risks associated with 
macrosomia. , 

Although the association between maternal weight 
and macrosomia has been well documented, the ob- 
served association may have been a result of factors 
other than maternal overweight per se. Previous studies 
that examined the association between maternal obesity 
and macrosomia have not adequately accounted for 
other variables related to macrosomia. In addition, only 
limited research is available on the prevalence and risk 
factors for macrosomia among low-income popula- 
tions. 

Our study evaluated the influence of pregravid 
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Table I. Characteristics of study population by ethnic group (%) 












Total 
n = 127,879 


Body mass index (NHANES II percentiles) 


25th 28.0 20.7 17.4 24.0 
25th to <75th 43.3 44.5 47.7 44.3 
75th to <85th 9.5 11.8 14.0 10.9 
85th to <95th 11.4 13.8 14.6 12.7 
2=95th 7.8 9.3 6.2 8.2 
Maternal height (quartiles) 
First 15.9 16.4 44.5 19.7 
Second , 27.3 26.4 30.6 27.4 
Third 29.1 28.1 17.0 : 27.2 
Fourth 27.8 29.1 8.0 25.8 
Smoking (yes) 40.9 20.8 11.8 29.9 
Maternal age (yr) : 
15-20 39.1 ; 36.3 26.0 36.4 
20-25 29.9 27.8 27.9 28.8 
25-30 23.1 25.2 28.9 : 24.6 
230 8.0 10.7 17.3 10.2 
Previous livė births 
0 43.8 33.0 25.2 37.5 
1 : 30.5 32.) 35.2 31.7 
2 16.1 19.0 ` 21.6 17.9 
23 9.7 15.9 18.1 13.0 
Gestational age (wk) 
37 7.8 - 11.1 © 85 9.1 
38 14.3 ` 18.0 16.6 16.0 
39 22,6 i 24.9 24.8 23.7 
40 26.2 24.9 26.6 : 25.8 
41 18.9 13.9 15.5 16.6 
42 10.2 i 7.3 7.9 8.8 


weight on birth weight outcome among a low-income 
population attending the Special Supplemental Food 


Programs for Women, Infants, and Children (WIC). - 


We analyzed this influence after adjustment for the 
effects of smoking status, ethnicity, maternal height, 
maternal age, gestational age, and parity. 


Material and.methods 


Through its Pregnancy Nutrition Surveillance Sys- 
tem, the Division of Nutrition of the Centers for Disease 
Control receives information from women who attend 
the WIC program. WIC records consist of maternal 
and infant information obtained at prenatal visits and 
at a postpartum visit. For this study we analyzed data 
from term (37 through 42 weeks’. gestation), singleton 
live births born between 1983 and 1987. Infants weigh- 
ing <1000 gm or >6000 gm were excluded from the 
data analysis to minimize the likelihood of coding er- 
rors. Any records with missing or out-of-range values 
for variables used in this analysis were excluded. Only 
records from the white, black, and Hispanic ethnic 
groups were included. These exclusions left 127,879 
records from 14 states. Data items were recorded by 
WIC clinic personnel. All data entries comprised in- 
formation provided by the WIC client. No information 
was available on the prevalence of gestational diabetes, 
hypertension, and fetal anomalies. 

We examined the effects of pregravid body mass in- 


dex (BMI) on both infant macrosomia and mean infant 
birth weight. The BMI was the independent variable 
used in this study and was calculated by dividing self- 
reported prepregnant weight (kilograms) by height’ 
(meters squared). The population was grouped into five 
categories on the basis of the percentile distribution of 
BMIs from the National Health and Nutrition Exam- 
ination Survey (NHANES) II reference sample for 
women ages 20 to 29 years: <25th percentile (<20.0 
BMI units), 25th to <75th percentile (=20.0 to 24.9 
BMI units), 75th to <85th percentile (224.9 to 27.3 
BMI units), 85th to <95th percentile (=27.3 to 32.3 
BMI units), and =95th percentile (=32.3 BMI units).® 
The reference group used for statistical comparison 
was the 25th to <75th percentile group from NHANES 
IL. This group most closely approximates an ideal body 
weight category. Women with BMIs in the 85th to 
<95th percentile were categorized as overweight, and 
those in the =95th percentile were categorized as se- 
verely overweight. Maternal height was divided into the 
following approximate quartiles: first (5157.0 cm), sec- 
ond (157.1 to 162.2 cm), third (162.3 to 167.3 cm), and 
fourth (=167.4 cm). Smoking status (yes, no) was re- 
ported by the mother on her first prenatal WIC visit. 
Infant birth weight was reported by the mother at the 
postpartum visit. Gestational age was calculated on a 
weekly basis from the self-reported estimated date of 
confinement and the infants’ birthdate. If the estimated 
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Table II. Prevalence of macrosomia and odds 
ratios for selected factors 


Macrosomic 


infants Adjusted odds ratio 
(%) (95% Cl)* 





Body mass index (NHANES II percentile) 
48 . 


=25th : 0.58 (0.55-0.62) 
25th to <75th 8.1 1.007 
75th to <85th 10.8 1.34 (1.26-1.43) 
85th to <95th 12.8 1.61 (1.52-1.70) 
295th 17.0 2.15 (2.01-2.29) 
Maternal height (quartiles) 
First 5.9 1.00} 
Second 7.4 1.41 (1.32-1.52) 
Third 9.3 1.93 (1.81-2.07) 
Fourth 12.5 2.81 (2.63-3.01) 
Ethnic group 
White 11.1 1.007 
Black 5.6 0.38 (0.36-0.40) 
Hispanic 10.1 0.86 (0.81-0.92) 
Smoking 
No 10.5 1.00ł 
Yes 5.2 0.40 (0.38-0.42) 
Maternal age (yr) 
15-19 6.9 0.93 (0.88-0.99) 
20-24 8.7 1.007 
25-29 10.3 1.09 (1.03-1.15) 
230 13.5 1.33 (1.25-1.42) 
Previous live births 
7.3 1.00} 
1 8.8 1.25 (1.18-1.32) 
2 10.3 1.41 (1.32-1.50) 
23 12.0 1.54 (1.43-1.65) 
Gestational age (wk) 
37 3.9 0.38 (0.34-0.42) 
38 5.1 0.49 = (0.46-0.53) 
39 7.1 0.69 (0.65-0.73) 
40 10.1 1,007 l 
4] 13.2 1.34 (1.26-1.41) 
42 14.7 1.55 (1.45-1.66) 
Infant sex i 
Male 11.2 1.07 
Female 7 0.52 (0.50-0.54) 





*Multiple logistic regression with BMI, height, ethnicity, 
smoking, maternal age, previous live births, gestational age, 
and infant sex in the model. 


tReference group. 


date of confinement was not available, then gestational 
age was calculated from the maternally reported last 
menstrual period. i 

In the univariate analysis, we computed the preva- 
lence of macrosomia by BMI category. Our multiple 
logistic regression models?’ used macrosomia as the de- 
pendent variable to adjust for the mother’s BMI (five 
categories), height (quartiles), smoking status (yes, no), 
previous live births (0, 1, 2, =3), maternal age (15 to 
19, 20 to 24, 25 to 29, =30 years), ethnicity (white, 
black, Hispanic), gestational age (37, 38, 39, 40, 41, 42 
weeks), and infants’ sex. The magnitude and direction 
of associations between macrosomia and the indepen- 
dent variables were estimated by the odds ratio. The 
effects of maternal BMI on mean birth weight were 
quantified with multiple linear regression” according 
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to the same procedures as described for the logistic 
model. 


Results 

Of the sample population, 51% were white, 37% were 
black, and 12% were Hispanic (Table 1). The preva- 
lence of smoking varied from 41% for whites to 21% 
for blacks and 12% for Hispanics. The prevalences for 
mothers with BMIs =85th percentile of the NHANES 
II reference population were 19% for whites, 23% for 


`- blacks, and 21% for Hispanics. 


As the maternal BMI increased, the prevalence of 
macrosomia also increased (Table IJ). The prevalence 
of macrosomia ranged from 5% for those <25th per- 
centile to 17% for those in the =95th percentile. After ` 
adjustment for maternal height, ethnicity, smoking sta- , 
tus, maternal age, parity, gestational age, and infant sex 
we also found a statistically significant increase in the 
odds ratios when the BMIs increased. Specifically, with 
the NHANES II category for the 25th to <75th per- 
centile as a reference group, we found that the adjusted 
odds ratios of macrosomia for the five sequential weight 
groups were 0.6, 1.0, 1.3, 1.6 and 2.2 (Table II). 

In Table II we also present the adjusted odds ratios 
for macrosomia according to other variables such as 
maternal height, ethnicity, maternal age, smoking sta- 
tus, parity, gestational age, and infant sex. Maternal 
height appeared to have a strong influence: the tallest 
women were three times more likely to have macro- 
somic infants than were the shortest women. Mothers 
with a late gestational age of 42 weeks were 1.6 times 
more likely to give birth to a macrosomic infant, as 
compared with mothers with a.gestational age of 40 
weeks. The adjusted odds ratios for maternal age and 
parity indicated that these variables were weakly asso- 
ciated with macrosomia. 

The overall mean infant birth weight predicted from 
the multiple linear regression model was 344] gm 
(Table III). A progressive increase in infant birth 
weight was predicted as maternal BMI increased. After 
adjustment for maternal height, ethnicity, smoking sta- 
tus, maternal age, parity, gestational age, and infant 
sex, ‘severely overweight mothers had infants. who 
weighed 156 gm more than infants born to mothers in 
the reference group for the 25th to <75th percentile. 
Infants born to the group of tallest mothers were pre- 
dicted to weigh 222 gm more than those born to the 
group of shortest mothers. Smoking also had an im- 
portant effect on birth weight: the infants born to 
smoking mothers were predicted to weigh 209 gm less 
than those born to nonsmokers. Infants with the oldest 
gestational age of 42 weeks were predicted to weigh 78 
gm more than infants with a gestational age of 40 
weeks. In addition, we found that both maternal age 
and parity affected infant birth weight. 
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Comment 


Pregravid obesity had an important influence on ma- 
crosomia among this low-income population. After ad- 
justment for factors known to be important predictors 
of birth weight, the odds of delivering a macrosomic 
infant were 2.2 times higher for severely overweight 
mothers than those for mothers of normal weight. This 
study identified a 17% prevalence of macrosomia 
among severely overweight mothers. A previous study 


of a low-income population found similar levels of ma- 


crosomia among children of obese mothers®; however, 
the different standard used to define obesity in this 
study makes exact comparison difficult. Harrison et al." 
found an even higher prevalence of macrosomia (ap- 
proximately 33%) among his group of massively obese 
mothers (those with >150% of median weight-for- 
height according to the National Academy of Sciences 
weight references, 1974). ; 

Our results indicate that the coexistence of additional 
factors such as greater maternal height, older gesta- 
tional age, and nonsmoking status had important in- 
dependent effects on the prevalence of macrosomia in 
our study. Future research should focus on maternal 
height and maternal BMI as important variables in the 
determination of birth weight and infant outcome. 

In addition to examining the prevalence of macro- 
somia, we researched the association between maternal 
overweight and mean infant birth weight. The associ- 
ation we observed between higher mean infant birth 
weight and maternal obesity is comparable to some, but 
not all, of the previously published studies. Edwards 
et al.® observed that infants born to massively obese 
mothers (those with body weights >150% of Metro- 
politan Life Insurance standards) weighed an average 
of 209 gm more than infants born to nonobese control 
mothers (i.e., those with <120% of ideal body weight). 
Previous research with low-income populations’* * did 
not identify an association between maternal obesity 
and mean infant birth weight. In a study of 86 women 
enrolled in a WIC program, George et al.” reported 
no association between maternal weight-for-height 
(with the Metropolitan Life Insurance standards) and 
birth weight. Likewise, Haworth et al.!? reported no 
significant increase in birth weight when maternal 
weight increased among a group of 153 public patients. 
However, the power of these two studies of low-income 
populations was limited by their small sample sizes. 

Maternal height. was an important independent risk 
factor for higher birth weight. Previous studies have 
shown conflicting results of the influence of maternal 
height on birth weight. An earlier study" indicated that 
height had an insignificant role in the determination 
of birth weight after adjustment for maternal weight. 
Winikoff and Debrovner’ showed that among women 
categorized as high weight-for-height, maternal height 
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Table III. Mean birth weight for 
selected variables 








Predicted 
birth Gram difference 
weight” from reference 
(gm) group (95% CI) 
Body mass index (NHANES II percentile) 
25th 3337 — 104 (—110 to —98) 


25th to <75th 3441 
75th to <85th 3503 
85th to <95th 3532 


0 
62 (54 to 70) 
91 (83 to 107) 


=95th 3597 156 (147 to 166) 
Maternal height (quartiles) 

First 3441 0 

Second 3516 75 (67 to 82) 

Third 3585 144 (137 to 151) 

Fourth 3663 222 (214 to 230) 
Ethnic group 

White 3441 0 

Black 3245 ~196 (—201 to — 190) 

Hispanic 3413 — 28 (—36 to — 19) 
Smoking 

No 3441 0 

Yes 3232 ~209 (—214 to —203) 


Maternal age (yr) 
15-20 


3432 ~9 (—15 to ~2) 

20-24 3441 0 

25-30 3449 8 (1 to 15) 

230 3479 38 (29 to 46) 
Previous live births ` 

0 3441 0 

1 3495 54 (48 to 61) 

2 3512 71 (63 to 79) 

33 3525 84 (75 to 93) 
Gestational age (wk) . 

37 3155 ~— 286 (—295 to —276) 

38 3266 — 175 (— 184 to — 168) 


39 3367 —74 (-81 to -67) 

40 3441 0 

41 : 3507 66 (58 to 74) 

42 3519 78 (69 to 88) 
‘Infant sex 

Male 3441 0 

Female 3306 — 135 (—140 to — 131) 





*Multiple linear regression with BMI, height, ethnicity, 
smoking, maternal age, previous live births, gestational age, 
and infant sex in the model. 


had a significant influence on birth weight, but no such 
influence was observed for mothers of intermediate or 
low weight-for-height. Data from the collaborative peri- 
natal study’* support our findings by showing that white 
mothers who were >67 inches tall had infants that 
weighed almost 300 gm more than those mothers who 
were 58 to 60 inches tall. Tall black mothers in the 
collaborative perinatal study’® gave birth to infants who 
weighed 219 gm more than those babies born to moth- 
ers 58 to 60 inches tall. Our results suggest that taller 
mothers may be more prone to having a macrosomic 
infant; whether these infants have the same risk of 
adverse outcome as macrosomic infants of shorter 
mothers needs to be addressed in future studies. 
Several factors may limit the generalizability of this 
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study to other low-income groups. Use of a WIC pop- 
ulation for the analysis may limit the application of the 
data to other low-income groups. The WIC program 
~ has been documented to result in a 31 gm increase in 
birth weight,” although other studies do not show a 
significant effect. Another major limitation of the 


study is the uncertain accuracy of the data items because _ 


of self-reporting of information. Heavier females tend 
to underreport their weight."® Self-reporters also tend 
to state that they are slightly taller than their actual 
height. Consequently, self-reporting may underesti- 
mate the actual prevalence of overweight and may ov- 
erestimate height. These inaccuracies in self-reporting 
might lead researchers to misclassify mothers into a 
lower BMI category; the result would be an underes- 
timation of the effect of BMI on birth weight. The 
accuracy of maternally reported birth weights may also 
be a study limitation. However, Gayle et al.” have 
shown a high level of concordance between maternally 
reported birth weights from a WIC clinic and birth 
weights recorded on birth certificates. Gestational age 
was assessed at the first prenatal WIC visit by the es- 
timated date of confinement or by the maternal rec- 
ollection of the last menstrual period, and was not con- 


firmed by ultrasonography or physical examination of 


the infant. Classification of smoking status was re- 
corded at the first WIC visit and may not have reflected 
either the quantity or duration of smoking throughout 
the pregnancy. Other factors that limit this study are a 
lack of data on weight gain in pregnancy and a lack of 
information on the prevalence of disease entities that 
may independently influence birth weight, such as ges- 
tational diabetes, hypertension, and fetal anomalies. 
Particularly gestational diabetes may have an effect on 
birth weight and may be more common in obese sub- 
jects. 

The high prevalence of obesity among this and other 
low-income populations in the United States has 
aroused concern.’ Low-income WIC clients are more 
likely to be overweight than are private patients,” but 
this association may be partly attributed to the WIC 
program’s use of obesity as an enrollment criterion.” 
Health risks from obesity, such as hypercholesterol- 
emia, diabetes, and hypertension,’ persist after delivery 
and contribute to long-term morbidity and mortality. 
Furthermore, infants of obese mothers may also be- 
come obese infants by 1 year of age.® Additional re- 
search should be conducted to determine whether the 
morbidity associated with macrosomia can be attributed 
to macrosomia per se or to the associated problems 
influenced by obesity. 

In conclusion, pregravid overweight in this popula- 
tion had a significant independent effect on the prev- 
alence of macrosomia. Postpartum weight loss should 
be emphasized by practitioners and by the WIC pro- 
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gram to prevent future maternal and infant morbidity. 
Efforts designed to minimize the prevalence of macro- 
somia should focus on low-income women because of 
their high prevalence of obesity and limited access to 
health care. 
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Cytogenetic results of first-trimester chorionic villus sampling are reported from seven U.S. medical 
centers. For 6033 patients who had a successful chorionic villus sampling procedure, the rate for obtaining 
a cytogenetic diagnosis was 99.6% with the direct method, long-term culture, or both. There were no 
incorrect sex predictions and no diagnostic errors involving trisomies 21, 18, or 13, sex chromosome 
aneuploidies, or structural abnormalities. There were no cases of normal cytogenetic diagnosis followed by 
birth of a cytogenetically abnormal infant. Three cases of unusual aneuploidies (tetraploidy, trisomy 16, 
and trisomy 22) detected by the direct method only were not confirmed by cytogenetic follow-up. Mosaic 
cytogenetic abnormalities were observed in 0.83% of all cases in which chorionic villus sampling was done 
but were confirmed by amniocentesis or in fetal tissues in only 7 of 30 cases (23.3%). Maternal cell 
contamination occurred in 1.9% of long-term cultures, although this did not present any cytogenetic 
diagnostic difficulties. Overall, a very high degree of laboratory success and diagnostic accuracy was - 
observed with either cytogenetic method, although fewer predictive errors were observed with the 
long-term culture method and none were observed when both methods were used. (Am J OBSTET GYNECOL 
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of genetic diseases because of the ability to obtain di- 
agnostic results in the first trimester of pregnancy 
rather than in the second trimester as is traditional 
with amniocentesis. Recent collaborative studies from 
Canada’ and the United States? have addressed the 
safety of transcervical CVS compared to amniocentesis. 
They found no significant maternal complications and 
slightly increased rates of pregnancy loss in the CVS 
group that were not statistically significant. In the U.S. 
collaborative study, the sampling success rate was 98.2% 
for CVS compared to 99.5% for amniocentesis. These 
studies demonstrate that CVS is a safe and effective 
method for obtaining tissue for genetic analysis in the 
first trimester. 

If CVS is to be an acceptable alternative to amnio- 
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Table I. Success rate and characteristics of 
cytogenetic analysis 


Total CVS cases 6033 
Successful cytogenetic: diagnoses 6008 ` 99.6 
Patients who had second CVS 69. 1.1 


or amniocentesis for cytoge- 
netic reasons* 


Analysis by direct method onlyt 2173 36.2 

Analysis by culture method 2078 34.6 
only} 

Analysis by direct. and culture 1671 27.8 
methods§$ 





*Includes cytogenetic laboratory failures (16 cases), mater- 
nal cell contamination (3 cases), and confirmation or clarifi- 
cation of an ambiguous or mosaic cytogenetic result (50 cases). 


210 Cells from direct method and <5 cells by culture 
method. 


$210 Cells from culture method and <5 cells by direct 
method. 


§=5 Cells from each method. 


centesis, its diagnostic accuracy must be assured. Initial 
results from international collaborative surveys suggest 
the overall accuracy of detecting trisomy 21 and other 
common aneuploidies is quite high.’ However, some 
concerns have been raised by reports of occasional 
discrepancies between CVS and fetal cytogenetic re- 
sults.” Most of these discrepancies involve mosaicism, 
i.e., the presence of two or more cell lines with different 
chromosomal complements in the same individual. Mo- 
saicism occurs in about 0.25% of amniotic fluid speci- 
mens, and the majority of these are confirmed as true 
fetal mosaics.* The frequency of mosaicism in CVS and 
its clinical significance are unknown. A higher fre- 
quency of cytogenetic discrepancies between CVS and 
the fetus may occur because of the fact that CVS anal- 
ysis is performed on cells of extraembryonic origin, 
which may diverge from the karyotype of the embryo 
by postzygotic nondisjunction.® ° A second potential 
diagnostic problem is that of maternal cell contami- 
nation, which is due to maternal decidua attached to 
the villus surface. This may lead to incorrect sex pre- 
diction," failure to detect a cytogenetically abnormal 
fetus, or false-negative results in biochemical or mo- 
lecular diagnostic studies. 

Two different laboratory procedures have been de- 
scribed for cytogenetic diagnosis. The “direct” method 
involves the cytogenetic analysis of spontaneously di- 
viding cytotrophoblasts within 24 to 48 hours after 
CVS.” Alternatively, cells from the villus core can be 
grown in a monolayer culture for 5 to 14 days and 
processed by methods analogous to those used for the 
cytogenetic evaluation of amniotic fluid cells. Initial 
outgrowth may include epithelial cells from the cyto- 
trophoblast, but fibroblastic cells, believed to represent 
extraembryonic and embryonic mesoderm, become the 
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predominant cell type at the time of cytogenetic anal- 
ysis.’ Although there are distinct advantages to the 
more rapid results from the direct method, the relative 
diagnostic accuracy of the two methods must be care- 
fully assessed. 

We present results on 6033 CVS patients studied at 
seven medical centers in which cytogenetic data come 
from the direct method only, culture method only, or 
both. These data demonstrate that the laboratory suc 
cess rate and diagnostic accuracy are very high with 
either the direct method or the culture method, al- 
though fewer predictive errors were observed with the 
culture method. No errors were observed when both 
methods were used. 


Methods 


Although experience with CVS varied considerably 
among the seven centers at the outset of the study, each 
center had performed at least 25 diagnostic CVS pra- 
cedures before the start of the study. Each has worked 
extensively with amniocentesis and was routinely of- 
fering both CVS and amniocentesis as prenatal diag- 
nostic options. Informed consent was obtained from 
each patient for participation in the study according to 
protocols approved by the institutional review boards 
at each of the participating institutions. 

Because all centers had well-established laboratory 
protocols for CVS and amniocentesis at the onset cf 
the study, no attempt was made to standardize these 
practices among centers. Rather, data were merely .re- 
corded as to method of analysis (direct or culture) and 
number of. cells analyzed by each. A recommendation 
was made that 15 cells should be analyzed from the 
direct method, the culture method, or a combination 
of the two. All laboratories performed routine banding 
procedures on all samples. 

For the direct method, samples were processed the 
day of the procedure or after 24 to 48 hours’ incuba- 
tion. Intact chorionic villi were exposed to Colcemid to 
arrest spontaneous mitosis of cells in the cytotropho- 
blast layer of the villi. Cells were released from the villi 
by use of either acetic acid’ or trypsin dissociation’? 
and then air-dried on microscope slides. Monolayer 
cultures were established from the villus core by en- 
zyme dissociation into flasks, flaskettes, or petri dishes 
and cultured for 5 to 14 days before harvesting by 
routine methods. 

Mosaicism in amniocentesis specimens was defined 
as the presence of the same aneuploidy in more than 
one culture vessel. Aneuploidy confined to a single cul- 
ture and all occurrences of single cell trisomy were 
considered pseudomosaicism. Mosaicism in CVS was 
defined as presence of the same aneuploidy in multiple 
cells (1) with the direct method, (2) in more than one 
culture, or (3) with both direct and culture methods. 
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Table II. Frequency of nonmosaic cytogenetic abnormalities and confirmation 



















Amniocentesis 








Autosomal aneuploidy 


Trisomy 21 4 0.46 2/2 
Trisomy 13 1 0.12 1/1 
Trisomy 18 2 0.23 2/2 
Other - 0 
Triploid 1 0.12 
Tetraploid 0 
Total 8 0.93 5/5 
Sex chromosome aneuploidy 
45,X% 0 
47,XXY 0 
47, XXX l 0.12 
47,XYY 0 
Total 1 0.12 
Structural abnormalities 
Unbalanced, de novo 0 
Unbalanced, inherited 0 
Balanced, de novo | 1 0.12 1/1 
Balanced, inherited 3 0.35 
Total 4 0.46 1/1 
Total abnormalities 13 1.51 6/6 


Abnormality 
confirmed* 
(No.) 





Advanced 
maternal 










age CVS Total CVS 
(n = 4876) (n = 6008) Abnormality 
confirmed* 
(No.) 


49 1.00 57 0.95 29/29 
5 0.10 7 0.12 4/4 
15} 0.31 18+ 0.30 8/8 
5 0.10 7 0.12 2/45 
4 0.08 6 0.10 3/3 
1 0.02 1 0.02 0/18 
79 1.62 96 1.60 46/49 
6 0.12 8 0.13 4/4 
7 0.14 8 0.13 6/6 
3 0.06 3 0.05 17/1 
1 0.02 3 0.05 1/1 
17 0.35 22 0.37 12/12 
3 0.06 3 0.05 1/1 
3 0.06 19 0.32 8/8 
3 0.06 4 0.07 2/2 
18 0.37 66 1.10 1/1 
27 0.55 92 1.53 12/12 
123 2.52 210 3.50 70/73 


*Confirmed refers to cases in which cytogenetic information was obtained from fetal tissues or blood after termination of 


pregnancy or at birth. 
tIncludes one case of 48,XXY, + 18. 


Includes one case of 47,XX,+22 and one case of 47,XY, +16. ` 


§Tetraploid in direct analysis; culture not available. 


Occurrence of a single trisomic cell in either the direct 
or culture preparations, as well as the same aneuploidy 
occurring in multiple cells of a single culture, was con- 
sidered pseudomosaicism. l 
The overall study design for enrollment of patients, 
inclusion of an amniocentesis control group, and data 
collection has been previously described.? The current 
cohort includes all CVS and amniocentesis patients en- 
rolled from January 1985 to an expected delivery date 
. of Dec. 31, 1987. Cytogenetic data forms were com- 
pleted immediately after results were obtained. Sepa- 
rate data forms were used for cytogenetic results from 
any follow-up studies from amniocentesis, fetal blood 
sampling, therapeutic or spontaneous abortions or at 
birth. All forms were sent to a central data center 
(George Washington University) for collation and 
analysis. l 


Results 


The success rate for obtaining a villus specimen of 
21 mg was 98.1%, a rate similar to that previously 
found for a smaller portion of this cohort.? Cytogenetic 
results are presented for the 6033 patients in which 


CVS was successfully performed (Table I). Of these, 
the success rate for obtaining a cytogenetic result was 


"99.6%; with a range among centers of 98% to 100%. 


For cases in which cytogenetic analysis could not be 
done, 72% (18 of 25) involved samples of <10 mg. For 
the successful studies, =15 cells were analyzed in 92.2% 
and =10 cells in 98.9%. 

A total of 69 patients (1.1%) were reported to have 
had a second prenatal diagnostic procedure (second 
CVS or amniocentesis) for cytogenetic reasons. These 
included 16 patients with a failed cytogenetic diagnosis, 
three patients with maternal cell contamination, and 50 
patients who had unusual or mosaic cytogenetic results 
(see below). In the early experience of some centers, 
all patients with a 46,XX CVS diagnosis were offered 
the option of amniocentesis to confirm the result be- 
cause of the unknown incidence of maternal cell con- 
tamination. An additional 17 patients had amniocen- 
tesis for this reason but are not included in Table I 
since this policy was quickly discontinued by all centers 
and should not be considered a complication of CVS. 

Data were derived primarily from the direct method 
in 36.2%, primarily from the culture method in 34.6%, 
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Table III. Mosaicism frequency and fetal 
confirmation rate 





Abnormality 
Cases confirmed 
Direct, culture discrepancy 
Direct abnormal, culture 7 0/5* 
normal 
Direct, normal, culture ab- 2 1/2} 
normal : : 
Total (N = 1671) 9 (0.54%) 1/7 
Mosaic 
Direct!(n = 3884) > 23 0/10 
Culture (n = 3777). . 23 7/18% (38.9%) 
Direct‘and culture (n = 1671) 4 0/2 


Total (NV = 6008) 50 (0.83%) 7/30 (23.3%) 


*Includes one case each of trisomies 3, 15, and 20, ring (4), 
and del(Xq). These represent false-positive predictions by the 
direct method. 


tIncludes one case of tetraploidy (normal male at amnio- 
centesis) and one case of trisomy 18 (false-negative direct pre- 
diction). 

+Seven cases confirmed include two cases of trisomy 21, one 
case of 45,X/46,XX, one case of 45,X/46,XVY/47,XYY, and 
one case each of 47,XX,+mar, 46,XX,del(18p), and 
46,XX,del(21q). Of these, five cases [two trisomy 21, two sex 
chromosome aneuploidies, and one del (21q)] had direct anal- 
ysis showing only normal cells (i.e., false-negative direct pre- 
dictions). : 


and from a combination of both methods in 27.8%.of 
cases. There was variation in the pattern of this distri- 
bution among centers. Two centers used primarily the 
direct method (but have since modified this approach 
for reasons discussed below), one center primarily used 
the culture method, and four centers used both direct 
and culture analyses for the majority of their cases. 
Nonmosaic cytogenetic abnormalities. The fre- 
quency of nonmosaic cytogenetic abnormalities is 
shown in Table II. All patients undergoing amniocen- 
tesis (n = 862) had maternal age as the sole indication 
for prenatal diagnosis. CVS data are shown for those 
with maternal age as the primary indication (n = 4876) 
and for the entire sample (n = 6008). For the patients 
with maternal age as an indication, the frequency of all 
cytogenetic abnormalities was slightly higher in patients 
undergoing CVS than in those having amniocentesis 
(2.52% vs. 1.51%), although this difference did not 
reach statistical significance. The higher rate in CVS 
cases is consistent with the higher mean maternal age 
(37.1 vs. 36.5 years) and earlier stage of pregnancy in 
this group. 
` In the amniocentesis group, there were six abnor- 
malities in which cytogenetic follow-up studies were 
performed on fetal tissues and all confirmed the orig- 
inal diagnosis. For the total CVS sample, 210 nonmosaic 
abnormalities were detected. Of these 210 cases, cyto- 
genetic analysis was performed on amniotic fluid cells, 
fetal tissues, or fetal blood in 73 cases (35%) to confirm 
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the CVS cytogenetic result. The CVS result was con- 
firmed in 70 of 73 cases (95.9%). : 

Among 41 CVS diagnoses involving common triso- 
mies (including trisomy 21, 13, or 18) in which follow- 
up data were available, all were confirmed in the fetus 
(i.e., no false-positive predictions). For sex chromosome 
aneuploidies, all 12 abnormal diagnoses with follow-up 
were confirmed in fetal studies. Twelve chromosomal 
structural abnormalities in which follow-up studies 
were done also were confirmed. 

There were no cases of false-negative results, i.e., a 
normal CVS cytogenetic result followed by the birth of 
an abnormal baby as the result of a cytogenetic abnor- 
mality. Outcome of pregnancy and delivery informe- 
tion is available on 99% of the cohort; thus any such 
event would likely have come to our attention. 

The three cases of aneuploidy that were not con- 
firmed in amniotic fluid cells or' fetal tissues involved 
unusual trisomies (16 and 22) and a case of tetraploidy, 
abnormalities that are rarely or never observed in live- 
born infants." In each of these cases, the cytogenetic 
data came from the direct method only. Because of the 
unusual nature of the abnormalities, confirmation stud- 
ies by amniocentesis were recommended. For the tet- 
raploid case, amniocentesis was performed and showed 


‘a normal male karyotype. For the trisomy 16 case, the 


patient chose to terminate the pregnancy and analysis 
of abortus tissue showed a triploid fetus. The most 
likely explanation for this unusual discrepancy is an 
undiagnosed twin pregnancy; thus each twin had an 
unrelated cytogenetic abnormality. For the trisomy 22 
case, the patient declined amniocentesis and terminated 
the pregnancy; only normal female cells were seen in 
the abortus. 

Mosaic abnormalities 

Discrepancies between direct and culture methods. Of 1671 
CVS cases in which cytogenetic data were available from 
both the direct and culture methods, nine cases (0.54%) 
had discrepancies between methods; i.e., one method 
showed a nonmosaic aneuploidy and the other had a 
normal karyotype (Table III). Seven of.these nine were 
abnormal in the direct method and normal in cultured 
cells, whereas two showed the converse. In five of 
the seven direct-abnormal cases, confirmation studies 
were available from amniocentesis or fetal tissues; nor- 
mal karyotypes were found in all five (ie., false- 
positive predictions by the direct method). One patient 
(47,XY,+15 by the direct method; 46,XY by culture) 
chose to terminate the pregnancy without follow-up by 
amniocentesis, and only 46,XY cells were observed in 
fetal tissues. A second case (47,XX,+3 by direct 
method; 46,XX in culture) resulted in spontaneous fe- 
tal loss before amniocentesis and only 46,XX cells were 
observed in fetal tissues. The remaining three patients 
[involving trisomy 20, ring chromosome 4, and del(Xq)] 
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Table IV. Frequency of maternal cell contamination* 






Direct (n = 3884) j- 0 
Culture (n = 3777) 10 12 


Level of contamination 
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Referred to 
amniocentesis 


1 - 2 0.05 0 
13 T 35 0.93 3 





*Frequency of mixtures of 46,XX and 46,XY cells. Because maternal cell contamination in a female fetus would not be observed, 
the best estimate of the frequency of maternal cell contamination comes from doubling the observed rate. 


had normal follow-up studies by amniocentesis and 
were delivered of normal infants. 

Of the two culture-abnormal cases, a tetraploid result 
was found to be normal in cultured amniotic fluid cells 
(i.e., a false-positive culture prediction). The other case 
involved a normal result in the direct method but non- 
mosaic trisomy 18 in the culture and amniotic fluid, 
which was verified in the abortus. This case was pre- 
viously reported by Martin et al.’ and is a disturbing, 
but fortunately very rare, false-negative prediction in- 
volving a nonmosaic aneuploidy by the direct method. 

The occurrence of five false-positive predictions and 
one false-negative prediction by the direct method was 
in contrast to the one false-positive prediction by cul- 
ture. These findings indicate that the results of the 
direct method may be less representative of the fetal 
status than those from the long-term culture method. 

Mosaicism. No case of mosaicism was observed in the 
862 amniocentesis controls. This is not unexpected, as 
the reported incidence of true mosaicism in amniotic 
fluid from a large U.S. collaborative study was 0.25%.° 
In the 6008 CVS cases, there were 50 cases (0.83%) of 
mosaicism (23 in the direct method, 23 in culture, and 
four in both; Table III). Cytogenetic follow-up studies 
of amniotic fluid or fetal tissues were available in 30 of 
the 50 cases. Of these, mosaicism was confirmed in 
amniotic fluid or fetal blood in seven (23.3%). There 
was a striking difference, however, in the frequency of 
confirmation in direct mosaicism (0 of 10) compared 
to culture mosaicism (7 of 18, 38.9%). 

Of the seven cases of true fetal mosaicism detected 
in long-term culture, cytogenetic data were, available 
from the direct method in five. Notably, all five direct 
preparations showed only normal cells. Thus these five 
cases would have resulted in false-negative diagnoses 
if only the direct method had been used. These cases 
included two trisomy 21 mosaics, two sex chromosome 
mosaics, and one mosaic structural abnormality. Inter- 
estingly, both trisomy 21 mosaic cases showed only nor- 
mal karyotypes in amniotic fluid cells, but both were 
mosaic trisomy 21 in fetal blood and tissues. 

Of the 23 mosaic cases that showed only normal cells 
in amniotic fluid, fetal blood, or tissues, 21 resulted in 
normal infants at delivery. One patient with trisomy 7 
in 14 of 20 cells by the direct method (no culture avail- 


able) declined follow-up amniocentesis and terminated 
her pregnancy. Fetal cultures from the abortus showed 
only normal male-cells (n = 50). One patient with two 
of 44 cells showing trisomy 18 in CVS cultures (one cell 
in each of two different culture dishes) had only normal 
cells by amniocentesis (n = 21) but had a pregnancy 
loss that was due to premature rupture of membranes 
at 27 weeks’ gestation. ; 

Pseudomosaicism. Pseudomosaicism was observed in 


:1.3% of amniotic fluid samples, which is somewhat 


lower than the 3.2% previously reported in a large col- 
laborative study.® Only two of these warranted addi- 
tional follow-up testing (one by amniocentesis and one 
by fetal blood sampling), and neither proved to be true 
fetal mosaicisms. Pseudomosaicism was observed in 107 
of 6008 CVS cases (1.8%): 71 cases in cultures and 36 
cases iri direct preparations. Most of these involved a 
single trisomic cell and therefore did not require cy- 
togenetic follow-up. Of 12 cases that did have cytoge- 
netic follow-up, none was confirmed as a true fetal mo- 
saic. Of the 95 remaining cases without cytogenetic 
follow-up, there was no increased frequency of preg- 
nancy loss or major abnormalities at birth on compar- 
ison with the cytogenetically normal cohort. These data 
demonstrate that the frequency of pseudomosaicism in 
CVS is similar to that of amniocentesis and that, as in 
amniocentesis, pseudomosaicism has little clinical sig- 
nificance’ ` ' 

Maternal cell contamination. Maternal cell contam- 
ination was assessed by determining the frequency of 
admixture of 46,XY and 46,XX cells in direct or culture 
preparations, indicating maternal cells mixed with 
those of a male fetus. By the direct method, only two 
cases of XX/XY admixture were observed (Table IV), 
consistent with previous experience that spontaneously 
dividing maternal cells are rarely observed in direct 
CVS preparations. In contrast, 35 cases of XX/XY ad- 
mixture were seen in cultured cells (0.93%). Because 
maternal cell contamination would not be detected in 
a female fetus (i.e., XX/XX), the appropriate estimate 
of the total frequency of maternal cell contamination 
is obtained by doubling the observed frequency of the 
XX/XY admixture. In our data this would represent a 
frequency of 1.9% in long-term cultures. Of these, 
about one third had a single maternal cell, one third 
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had <25% maternal cells, and about a third had >25% 
maternal cell admixture. Three cases were referred for 
follow-up amniocentesis, and a normal male fetus was 
confirmed in each. Thus maternal cell contamination 
was not a significant problem for cytogenetic diagnoses 
as no incorrect sex predictions or false-negative diag- 
noses were observed. 


Comment 


Collaborative studies by our group and others"? have 
shown that transcervical CVS is an acceptably safe and 
effective alternative to amniocentesis for the first- 
trimester diagnosis of genetic disease. The present 
study extends these findings by documenting a uni- 
formly high rate of cytogenetic laboratory success and 
diagnostic accuracy in our multicenter collaborative 
study of more than 6000 patients undergoing CVS. 

The seven centers achieved a diagnostic success rate 
of 99.6% with the direct method, the culture method, 
or a combination of both. A total of 1.1% of CVS cases 
had a second prenatal diagnostic procedure for cyto- 
genetic reasons (failed diagnoses, maternal cell contam- 
ination, discordant or mosaic results). This is in addi- 
tion to 2.2% of cases in which the obstetric procedure 
failed to obtain tissue for analysis or additional test- 
ing was required for deoxyribonucleic acid (DNA) 
studies, biochemical studies, elevated maternal serum 
a-fetoprotein levels, or abnormalities seen by ultra- 
sonography (see reference 2 and current study cohort). 
This total of 3.3% of CVS cases that require additional 
testing is slightly higher than the 1% to 2% experienced 
with amniocentesis. 

Cytogenetic follow-up of 53 cases with common non- 
mosaic autosomal aneuploidies (21, 18, and 13) or sex 
chromosome aneuploidies confirmed the original di- 
agnosis in each instance (Table II). These abnormalities 
constitute the major age-related aneuploidies for which 
prenatal diagnosis is offered. Conversely, there were 
no cases of false-negative results, i.e., a child with an 
abnormality (caused by a cytogenetic defect) born after 
anormal CVS diagnostic study. There were likewise no 
cases of incorrect sex prediction. 

_ Three cases of unusual aneuploidies detected only 
by the direct method were not confirmed by follow-up 
studies of amniotic fluid or fetal tissues. These included 
one case of tetraploidy and two cases of autosomal tri- 
somies (16 and 22) that are not associated with clinical 
disorders that are Compatible with live birth.’ * The 
trisomy 16 case was an unusual one in which the abortus 
was found to be triploid. It is possible that the trisomy 
16 represents a vanishing twin in a case where the twins 
had two unrelated cytogenetic abnormalities. The other 
two cases were associated with a cytogenetically normal 
fetus and indicate that all cases of tetraploidy or un- 
usual trisomies detected by CVS should be referred for 
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follow-up cytogenetic studies (by amniocentesis or fetal 
blood sampling) and ultrasonography. 

In addition to these three cases, we encountered nine 
other cases in which a discrepancy existed between the 
direct and culture methods such that a nonmosaic ab- 
normality was observed in one and only normal cells 
were seen in the other (Table III). Seven of these had 
follow-up cytogenetic studies. There were five false- 
positive predictions and one false-negative prediction 
by the direct method that may have resulted in diag- 
nostic errors had the direct method been the only cv- 
togenetic analysis used. Three cases involved unusual 
trisomies (3, 15, and 20) that, as discussed above, should 
be referred for amniocentesis clarification. Two cases 
involved structural abnormalities (ring chromosome 4 
and del(Xq)). The false-negative direct result involving 
trisomy 18 is the most disturbing and raises concern 
about the adequacy of using the direct method as the 
sole diagnostic information. In contrast, the only false- 
positive prediction by the culture method involved 
tetraploidy, which was easily clarified by follow-up am- 
niocentesis. t 

Mosaicism was observed in 0.83% of CVS cases, a 
somewhat higher frequency than the 0.25% usually en- 
countered in amniocentesis? When mosaicism is ob- 
served in amniotic fluid cultures, it is confirmed as true 
fetal mosaicism in 70% of cases.® Failure to confirm 
amniotic fluid mosaicism in the fetus is usually attrib- 
uted to accidental sampling of chorionic cells during 
the amniocentesis procedure. In our cohort, CVS mo- 
saicism was confirmed in the fetus in 23% of cases, 
indicating a relatively high frequency of mosaicism con- 
fined to the placenta (77%). However, mosaicism de- 
tected in long-term culture has a greater likelihood of 
representing fetal mosaicism (39%) than does mosai- 
cism detected only by the direct method (none of 10 
cases), f 

For cases in which mosaicism was observed in CVS 
but was not confirmed in amniotic fluid (confined mo- 
saicism), there was one fetal loss among 22 continuing 
pregnancies and 21 normal infants delivered. These 
numbers, however, are too small to determine whether 
confined mosaicism may be associated with an increased 
risk of intrauterine growth retardation or spontaneous 
abortion. 

Pseudomosaicism was observed in 1.8% of CVS cases 
and 1.3% of amniocentesis cases. Since most of these 
involved a single trisomic cell, no cytogenetic follow-up 
was performed in the majority. The frequency of spor.- 
taneous abortions, neonatal deaths, or major malfor- 
mations was not élevated in this group on comparison 
with the cytogenetically normal pregnancies. These 
data indicate that pseudomosaicism in CVS, as in am- 
niocentesis,® has little clinical significance. 

Maternal cell contamination was confirmed to be rare 
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in direct preparations but occurred in 1.9% of long- 
term cultures. Although not leading to incorrect sex 
prediction or cytogenetic diagnostic errors in the pres- 
ent cohort, this remains a potential diagnostic problem 
for the culture method (but not for the direct method 
as.few maternal cells will divide spontaneously). In ad- 
dition, maternal cell contamination is a potential prob- 
lem for biochemical or DNA analyses performed di- 
rectly from CVS material or after long-term culture. 
This is particularly true for DNA studies using the 
polymerase chain reaction," since the increased sensi- 
tivity of this method may detect very small numbers of 
maternal cells and could yield false-negative diagnostic 
results. 

In summary, the present study demonstrates a very 
high cytogenetic laboratory success rate and diagnostic 


accuracy for CVS with either the direct or culture | 
method of analysis. The direct method has the advan- | 


tage of rapid results and is not subject to maternal cell 
contamination for cytogenetic analyses. However, a 
higher frequency of incorrect predictions of fetal cy- 
togenetic status was observed with the direct method 
(13 of 3884, 0.33%) than with the culture method (1 
of 3777, 0.03%). When both methods were used 
(n = 1671), no incorrect predictions were observed. 
Therefore the combination of both direct and cultured 
cell analysis is optimal, even though this may be. prac- 
tically and economically difficult to offer on a routine 
basis because of the increased labor involved. For cen- 


ters unable to justify this increased expense, it seems’ 


prudent to adopt the long-term culture method. 
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Janice Lieberman of the Mount Sinai School of Med- 
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sity; and David Fratt of the George Washington Bio- 
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The antiestrogenic effect of cigarette smoking in women 
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Epidemiologic results indicate that women who smoke cigarettes are relatively estrogen-deficient. Smokers 
have an early natural menopause, a lowered risk of cancer of the endometrium, and an increased risk of 
some osteoporotic fractures. Moreover, women who smoke may have a reduced risk of uterine fibroids, 
endometriosis, hyperemesis gravidarum, and benign breast disease. Several possible mechanisms for 
these effects have been identified. Smoking does not appear to be clearly related to estradiol levels, at 
least in postmenopausal women, although levels of adrenal androgens are increased. Moreover, smoking 
appears to alter the metabolism of estradiol, leading to enhanced formation of the inactive catechol 


estrogens. (Am J Osstet GYNECOL 1990;162:502-14.) 
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The harmful effects of cigarette smoking are not 
limited to tissues having direct smoke contact. For ex- 
ample, smokers have increased risks of cancer of the 
esophagus, kidneys, and bladder, presumably from 
swallowed or absorbed cigarette products.'* Some hor- 
monal effects of smoking, such as acute catecholamine 
and corticosteroid release, appear to be due to stimu- 
lation of the adrenal medulla or of the hypothalamus, 
with subsequent adrenocorticotropic hormone secre- 
tion.*" Less well explained are the increased risks of 
infertility, ischemic heart disease, and cancer of the 
pancreas among smokers.'* '° 

Certain other effects at organs lacking direct smoke 
contact appear to follow an important pattern; in many 
ways women who smoke cigarettes behave as though 
they are relatively estrogen-deficient. Such an anties- 
trogenic effect of smoking would of course lead to an 
exacerbation of estrogen-deficiency problems, such as 
osteoporosis, but would also have unexpected beneficial 
effects on diseases caused by estrogen excess, such as 
endometrial cancer. This review summarizes the rela- 
tionship between cigarette smoking and such estrogen- 
related diseases and processes in women, in the context 
of available epidemiologic, clinical, and laboratory data. 
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Cancers of the breast and endometrium 


Cancers of the endometrium and breast are the ma- 
lignancies of women most closely associated with re- 
productive hormones. Of these two, cancer of the en- 
dometrium is more direcily associated with estrogenic 
stimuli’ ' and this difference is reflected in the re- 
lationships of these malignancies to smoking. 

More than 30 studies from 10 countries have 
considered breast cancer in relation to cigarette smok- 
ing.’*** In most, there was no substantial association.* 
Several of the studies reported moderately lowered 
risks among smokers,} although many of these results 
wére not statistically significant, and other studies 
found some evidence of a positive association.} Anal- 
yses within age or menopausal groups have revealed 
no consistent effects,§ and there do not appear to be 
relationships between smoking and either estrogen- 
receptor-positive or estrogen-receptor-negative breast 
cancer.’ * Thus, overall, cigarette smoking does net 
appear to affect the risks of human breast cancer very 
strongly. 

In contrast, rats exposed to cigarette smoke develop 
fewer mammary tumors than those unexposed,** * 
although this may be due to differences in weight 
or survival. Mammary cancer in rodents is prolactin- 
dependent, and the lower risk of tumors may re- 
flect a lowering of prolactin levels from long-term 
smoke exposure. ** Whatever the mechanism, the 


*References 16, 18, 19, 25, 27, 28, 32, 33, 36, 39, 44, 46- 
49. 

tReferences 17, 20, 22-24, 26, 29, 34, 37, 41, 42. 

References 21, 30, 31, 35, 38, 40, 43, 45, 50. 

§References 22, 29, 32, 35, 38, 40-43, 50, 53. 
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Table I. Cigarette smoking and the incidence of endometrial cancer 


No. of cases/No. of controls 
Study and locale of study Contrast 


Smith et al.” 70/612 
Community 
Tyler et al. 437/3,200 
Community 
Franks et al. 79/416* 
Community 
Von Lau et al.” 407/450 
Clinic 
Lesko et al. 510/727 
Hospital 
Baron et al.” 476/2128 
Hospital 
Zemla et al.“ 173/346 
Hospital 
Lawrence et al.® 200/200¢ 
Community 
Lawrence et al.® 84/168]| 
Community 
Levi et al.” 357/1122 
Hospital 
Stockwell and 1374/3921 
Lyman® Community 
Koumantaki 83/164 
et al.® Hospital 


*Postmenopausal women only. 

Statistically different from 1 (p < 0.05). 
+Early-stage cases. 

§ Linear trend statistically significant (6 < 0.025). 
| Late-stage cases. 


absence of an effect of parenteral nicotine on n- 
nitrosomethylurea-induced mammary tumors suggests 
that nicotine is not the smoke constituent responsible. 
Of course, these results must be considered in light of 
the uncertain relationship between mammary tumors 
in rodents and human breast cancer. 
Data are more consistent regarding the effects of 
smoking on the endometrium. Among current ciga- 
rette smokers there may be a modest decrease in the 
risk of endometrial hyperplasia (Krieger N. Personal 
communication), and investigation of incident cases of 
endometrial cancer has repeatedly found currently 
smoking women to have a risk as low as half that of 
never-smokers (Table I).* A gradient of decreasing risk 
with increasing amounts smoked has been noted in sev- 
eral studies,******- although not in others." 5? The 
effect was generally more pronounced in postmeno- 
pausal than in premenopausal women,** * © 63. 66. 68 q 


*References 22, 23, 27, 33, 39, 43, 53, 60-69. 


Relative risk 
estimates 


Continuous smoker vs. 0.8 
nonsmoker 

Current smoker vs. 0.8 
never-smoker 

Current smoker vs. 0.5 
nonsmoker 

Current smoker vs. 0.6T 
never-smoker 

Current smoker vs. 0.7T 
never-smoker 

215 pack year smoker 0.6+ 


vs. nonsmoker 
No consistent association across smoking strata 


Current smoker 
£] pack/day 0.7§ 
>l pack/day 0.5§ 
vs. never-smoker 
Current smoker 


=] pack/day 0.6 
>] pack/day 0.9 
vs. never-smoker 
Current smoker vs. 0.57 


never-smoker 
Current smoker 


<20/day 0.97 
20-40/day i 0.7 
>40/day 0.6 
vs. nonsmoker . 
20 yr of smoking vs. 0.5* 


never-smoker 


pattern that requires further confirmation. Investiga- 
tion of endometrial cancer mortality or advanced stage 
incidence has not been consistently related to smok- 
ing,'” 2299 possibly because of the association of smok- 
ing with poor health practices that would delay treat- 
ment of this malignancy of generally low fatality. 
There are still uncertainties regarding the possible 
interactions of smoking with estrogen replacement and 
obesity. Several reports have found that smoking has 
particularly pronounced effects in high-risk groups 
such as the obese or those who take exogenous estro- 
gens.** 5! 6 667 Also, it is not established whether 


-© exsmokers maintain a lower risk and, if so, for how 


long. 


Benign neoplasms of the reproductive organs 
and other non-malignant processes 


Cigarette smoking is also related to other condi- 
tions of the female reproductive organs and preg- 
nancy (Table II). Four studies found the risk of uter- 
ine fibroids to be modestly reduced among smoking 
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Table II. Smoking and selected gynecologic conditions 
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locale of study 


Uterine fibroids 
Ross et al.” 535/535 ; 
Family planning clinic 
Parazzini et al.” ` 275/722 
Hospital 
Wyshak et al.” Cohort study 
; 520 Cases 
Endometriosis ` 
Cramer et al.” 268/3794 


Infertility clinic 


Hiller et al.” 293/312 
: Hospital/clinic 
Parazzini et al.” 114/1127 
: Hospital 
Hyperemesis gravidarum 
Depue et al.” 419/836 j 
3 Perinatal Project centers 
Klebanoff et al.” 4517/3502 
Perinatal Project centers 


Little and Hook” 210t 


No. of cases/No. of controls and 






Relative risk 
estimates 






Contrast 








Health Maintenance Organization 


prenatal clinic 


Weigel and Weigel” 78/742 
Clinic 
Vellacott et al:®! = 5007 


Prenatal clinic 


10/day vs. nonsmoker 0.8* 
Current vs. never-smoker 0.6* 
Ever vs. never-smoker 0.8 
Current vs. never-smoker 0.9 
21 pack/day before age 17 0.5* 
vs. never-smoker 

Current vs never-smoker 0.4 
Ever vs. never-smoker 1.0 
Current vs. nonsmoker l 0.6* 
Smoker vs. nonsmoker 0.7* 
“Smoker vs. nonsmoker 0.3% 
Recent vs. never-smoker 0.9 
Smoker vs. never-smoker 0.5*¢ 





* Statistically different from 1 (p < 0.05). 
+ Total number of subjects in the sample surveyed. 
Derived from data given in reference. - 


women,” ™?? and an investigation of terminated myo- 
matous pregnancies supported these findings, though 
it did not cóntrol for age.” Investigations of endome- 
triosis conducted in infertility clinics have found that 
women who smoke cigarettes have a lowered risk,” 
but endometriosis associated with other pelvic symp- 
toms or limited to ovarian cysts appears to be less af- 
fected.” © Hyperemesis gravidarum and vomiting of 
pregnancy are estrogen-related processes that also have 
generally been found to be inversely related to smok- 
ing.””*! Finally, women who smoke have been reported 
to have more symptoms that are possibly related to 
estrogen deficiency, such as irregular menses, meno- 
pausal complaints, and hirsutism.**™ Infertility is also 
more common among women who smoke,’*® but this 
appears to be largely due to fallopian tube dysfunction, 
perhaps related to pelvic infections.’* 

Benign breast diseases are a heterogeneous diagnos- 
tic group and are strongly influenced by ovarian hor- 
mones.” The available’ data relating them to smoking 
are rather inconsistént.?” 72903 Berkowitz et al,’ ana- 
lyzing data from a large hospital-based study, found 
that postmenopausal current smokers were at signifi- 
cantly reduced risk of both fibrocystic disease and fi- 
broadenoma. Pastides et al. reported similar results 
for fibrocystic disease, and Wyshak et al.” '* reported 


an inverse relationship between smoking and fibrocystic 
disease ignoring menopausal status. Other published 
work, however, has generally shown no substantial as- 
sociation. 9 101 

These conflicting results may be due to the difficulties 
of identifying women with, and without, benign breast 
disease. In most studies the case series consisted of 
women seen for biopsy or removal of a breast mass, a 
group not necessarily representative of all women with 
the condition. In this situation both hospital and 
population-based controls may be an inadequate com- 
parison. 


Age at natural menopause 


Data from a variety of populations and study designs 
have showed that menopause typically occurs about 1 
to 1.5 years earlier in current smokers than in never- 
smokers.**: 5% 8% 10413 "This hastening of the cessation of 
regular menstrual cycling could, in itself, exert an an- 
tiestrogenic influence, and the early menopause in 
smokers therefore may be a mechanism by which smok- 
ing exerts an antiestrogenic effect. 

The consistency of the finding, the absence of im- 
portant covariate effects, and the presence of apparent 
dose-effect relationships with the number of cigarettes 
smoked*® '* 199 u1 indicate that the relation between 
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current smoking and earlier natural menopause is 
probably causal. However, the interaction between 
smoking, weight, and menopause is not fully under- 
stood. In one large study, for instance, relative weight 
was inversely related to menopausal age among current 
smokers but not among exsmokers.''! Further, it is not 
completely established whether natural menopause oc- 
curs earlier in exsmokers than in never-smokers. Var- 
ious studies®® * 1 107-109. H! reported menopausal rates 
for exsmokers that are intermediate between never- 
smokers and current smokers, generally much closer 
to those of never-smokers. An absence of a long-term 
effect would be at variance with the hypothesis that 
smoking advances menopause through a destruction of 
oocytes caused by the polycyclic aromatic hydrocarbons 
contained in cigarette smoke.” 


Osteoporotic fractures 


Since the initial reports of an association bétween 
cigarette smoking and osteoporotic fractures,'™ ' 
several other analyses have addressed that relation- 
ship.'*'"* Investigations of spinal fractures," 1! 120 
though relatively informal, suggest a threefold or 
greater increase in risk for smokers. However, fore- 
arm fractures may be related to smoking only among 
thin, older women who never took menopausal es- 
trogens,"!” 120 

There are more extensive data regarding fracture of 


the hip in women after menopause."* "7% 191% Three, 


case-control studies'!* 171% suggest that smokers have 
approximately a twofold increase in risk. Other inves- 
tigations found no significant association with smoking 
or only a small increase in risk," 2! though they may 
have had poor power to detect an effect. Three other 
studies also reported only small increases in risk for 
smokers, but one was the only case-control study that 
used hospital controls,''® another was a population- 
based cross-sectional survey of fracture history,'”° and 
a third presented only combined data for men and 
women.'? In each of these, an effect of smoking in 
women could have been obscured. Thus, on balance, 
an association between cigarette smoking and post- 
menopausal fracture of the hip may well éxist but ap- 
pears modest. 

Finally, one study of fracture of the forearm or hip 
(reported together) among women 35 to 63 years old 
found no association of fracture risk with smoking.’ 
Another study in men reported an increased risk of 
vertebral fractures in smokers. '” 

In investigations of the bones themselves (largely the 
radius or calcaneus), post-menopausal women who 
smoke often have been found to have lower bone min- 
eral content (or smaller cortical width, etc.)."!5 2% 138-139 
Moreover, bone mass may fall at a higher rate in smok- 
ers. 133.13 However, in these studies the differences 
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between smokers and nonsmokers generally were not 
large (up to about 10%) and may be partially explained 
by body weight." 130, 132 Studies of men’? IS}, 137, 140. 141 or 
both sexes combined"? ' have typically shown lower 
bone density measures in smokers, although among 
premenopausal or perimenopausal women the differ- 
ences have tended to be smaller.!15 139 197, 139. H-147 

Together, these data suggest that smoking is associ- 
ated with osteoporosis and osteoporotic fractures in 
postmenopausal women, but the relationship may vary 
with age and the type of bone. Trabecular bone (which 
predominates in the spine and distal radius) is generally 
thought to be more susceptible to metabolic influences 
than cortical bone (which is relatively more important 
in the hip). Thus the spine and forearm would be 
more affected than the hip by smoking, and the epi- 
deiniologic results are more or less consistent with this 
pattern. 

There are several possible explanations for an as- 
sociation between cigarette smoking and osteoporosis 
besides an antagonism of estrogenic support of bone. 
Diet and alcohol use are potentially important co- 
variates, and studies that controlled for them showed 
only small associations between smoking and hip frac- 
ture risk or bone mass.'? |: '%* 1t Other proposed 
mechanisms include changes in vitamin D levels or vi- 
tamin C levels and consequences of smoking-associated 
lung disease such as acidosis or aminophylline 
therapy.” 


Commentary on the epidemiologic data 


The pattern of relationships described above indi- 
cates that cigarette smoking is associated with effects 
in women that can be considered antiestrogenic— 
reduced risks of problems associated with estrogen 
excess and increased risks for processes related to es- 
trogen deficiency. Also, smoking tends to counteract 
estrogenic influences such as obesity and exogenous 
estrogens in relation to the risks of endometrial cancer, 
early menopause, and osteoporosis.” The risk of breast 
cancer is not related to cigarette smoking, probably 
because for this malignancy the causal role of estrogens 
is weaker than for the other diseases.™ '* Alternatively, 
at this site, an indirect hormonal effect on the breast 
might be counterbalanced by a direct carcinogenic 
effect. 

The epidemiologic results have physiologic implica- 
tions. For endometrial cancer, the effects of smoking 
may be more pronounced in postmenopausal women, 
presumably reflecting a greater influence on sex hor- 
mone systems that are less tightly regulated. Also, 
exsmokers may have only a modestly increased risk of 
early menopause. Assuming a substantial lifetime con- 
sumption, this implies that the effects of smoking on 
menopause are reversible. There is also some infor- 
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mation available regarding the risks of endometrial 
cancer, endometriosis, or uterine fibroids among those 
who have stopped smoking.** 67-75 In general, the 
risks are quite close to those of never-smokers, but there 
may be a residual effect for endometrial cancer and 
endometriosis. It might be expected that for endo- 
metrial cancer the impact of prolonged periods of rel- 


ative estrogen deprivation would be permanent, as are’ 


the effects of an early menopause and oral contracep- 
tives.” “® The same might be predicted for osteoporosis 
with regard to postmenopausal smoking, but there are 
no published data on former smokers to document this. 

The role of age of menopause deserves comment. 
Early menopause is both a consequence of smoking 
and a causative or protective risk factor for many of 
the disorders considered here.* 7% 18 Thus an 
antiestrogenic effect of smoking in postmenopausal 
women might be partially explained by its hastening of 
the menopause. However, at least for endometrial can- 
cer, it is only a small part of the effect; even after con- 
trol for age at menopause, postmenopausal women 
who smoke cigarettes retain a substantially lowered 
risk, 63, 66, 67 ; 

_ Since exposure to cigarette smoking is relatively easy 
to assess, the major uncertainties of the epidemiologic 
data center around possible covariates and bias. Obesity 
tends to exert an estrogenic influence in postmeno- 
pausal women,'* ' and the lower weight of smokers 
in comparison to never-smokers or exsmokers'*! may 
explain some of the relationships studied. In. fact, if 
one assumes that smoking causes a lower body weight, 
then alteration of body habitus should be seen as a 
mechanism through which smoking acts. Diet and al- 
cohol use are other possible covariates. 

Another important potential source of artifact.is the 
choice of control groups in case-control studies. In 
hospital-based investigations, the controls would have 
an artifactually high smoking prevalence if smokers are 
admitted to hospital more than non-smokers or stay 
longer once admitted. This would lead to an under- 
estimation of deleterious effects of smoking and ex- 
aggeration of “protective” ones. Population-based stud- 

‘ies tend to avoid these potential problems. 

Ascertainment of disease is another potential diffi- 
culty in investigations of any design, since in certain 
settings factors associated with being diagnosed may 
appear to be etiologic. For example, if cigarette smokers 
seek health care more avidly than non-smokers, then 
cigarette smoking might appear .to be associated with 
diseases that are only. variably diagnosed. This is un- 
likely to be an issue for cancers or fractures, but it may 
distort findings regarding such problems as fibroids, 
menopausal symptoms, or mild endometriosis. Screen- 
ing of defined groups is the best way to resolve this 
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issue and would be especially rewarding for investi- 
gation of benign breast disease, since the data regarding 
this condition are particularly variable. 


Clinical and laboratory data 


Epidemiologic data thus suggest that women who 
smoke cigarettes behave physiologically as though they. 
are relatively estrogen-deficient. However, investiga- 
tion of hormone levels has yielded inconsistent re- 
sults. MacMahon et al.'*? reported that premenopausal 
women who smoked had lower luteal phase urinary 


excretion of estrone, estradiol, and estriol than never- 
‘smokers. Exsmokers did not show this pattern, nor 


were there differences during the follicular phase. Sim- 
ilar results in both the follicular and luteal phase have 
been reported,'® though in postmenopausal women 


. Trichopoulous et al."* found no differences between 


smokers and nonsmokers. There are important limi- 
tations of these analyses’; the measured hormones ac- 
count for less than half of the total metabolites of 
estradiol’ °° and it is the circulating hormones that 
are relevant for tissues. i 

Levels of estrone and total estradiol have repeatedly 
been found to be similar in postmenopausal smokers 
and nonsmokers.’ '%* 15716! However, recently post- 
menopausal women who take oral estradiol and who 
smoke appear to have lower estradiol and estrone levels 
than similar nonsmoking women.'** '** This implies that 
cigarette smoking affected the absorption, distribution, 
or metabolism of the estradiol. 

Pregnant women who smoke have lower circulating 
or urinary estriol levels compared with those of 
nonsmokers, as well as lower estradiol levels and sub- 
normal conversion of dehydroepiandrosterone sulfate 
(DHEAS) to estradiol. However, these effects may 
simply be nonspecific, since other fetoplacental hor- 
mones also are depressed in smokers.'* 166168 

Baron et al.' have used vaginal cytologic testing as 
an in-built “bioassay” of hormone effect in postmeno- 
pausal women. Even after consideration of weight, 
women who smoked cigarettes had a substantially higher 
maturation index and especially an increased propor- 
tion of intermediate cells. Since these results are con- 
sistent with an androgenic influence, they may reflect 
increases in the androgens androstenedione, dehydro- 
epiandrosterone (DHEA), DHEAS, and testosterone 
that have been found in smoking postmenopausal. 
women."*”° However, except for testosterone, these 
hormones have little intrinsic androgenic potency. 


` Their significance lies in the potential for conversion 
-to more active forms such as testosterone or dihydro- 


testosterone.!” 
DHEA, DHEAS, and (to a large extent) androstene- 
dione are adrenal cortical hormones, and their asso- 
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Table III. Possible mechanisms for an effect of cigarette smoking on estrogen-related phenomena 


Mechanism ` 


1. Decreased production of estrogens 
Disturbed gonadotropin release 
Ovarian atresia 
Aromatase or other enzyme inhibition 

2. Altered metabolism of estrogens 
Shift to catechol estrogens 
Other disturbances of metabolism 

3. Increased circulating androgens 
Adrenal cortical stimulation 
Adrenal enzyme inhibition 


Nicotine 
Nicotine 


Polycyclic aromatic hydrocarbons 


Cigarette constituent involved References 
Nicotine ; 217-220 
Polycyclic aromatic hydrocarbons 95, 201-203 
Nicotine, carbon monoxide, others? 188-192 


153, 193, 194, 247 
195-200 


5, 6, 10-12, 157-159, 171-180 
182 





ciation with cigarette smoking is consistent with an 
acute increase in cortisol levels that may be seen with 
smoking after several hours of abstinence.® & 101% 171-174 
This is presumably due to nicotine-induced adreno- 
corticotropic hormone release,” though some inves- 
tigators have disputed this.’ "+ 7° 177 There may be 
habituation to this effect, whatever its mechanism; the 
total secretion of cortisol or 17-hydroxysteroids appears 
not to be increased over longer periods of continued 
smoking. %8 

In vitro, nicotine can partially inhibit adrenal 11f- 
hydroxylase and 21-hydroxylase.'* This could explain 
the increased levels of the cortisol precursors DHEA 
and androstenedione in smokers. In fact, an andro- 
genic or progestational effect might explain many of 
the epidemiologic findings summarized here.’ An ex- 
ception is osteoporosis, where androgenic or proges- 
tational influences would, if anything, increase bone 
density and decrease fracture risk.'™:'*° Cigarette smok- 
ing could also affect sex hormone metabolism through 
induction or inhibition of other enzyme systems. For 
example, in postmenopausal women, most circulating 
estrogens are derived from aromatization of adrenal 
androgens, a conversion catalyzed by aromatase.'®* 1%” 
Smoking women may have a lower metabolic clearance 
of androstenedione, consistent with an inhibition of this 
conversion,'** and in vitro nicotine does inhibit aro- 
matase.’ '*° A study of placental aromatase activity in 
smokers and nonsmokers disclosed no differences,” 
consistent with an effect that is reversible if the inhib- 
iting substance is removed. Aromatase inhibition, of 
course, would limit estrone and estradiol synthesis and 
might well be necessary to prevent smoking from in- 
creasing estrogen production through aromatization of 
the increased levels of androstenedione in smokers. An- 
other enzyme-related mechanism by which smoking 
could limit the formation of estradiol is inhibition of 
C-20:22 desmolase, which would impair synthesis of 
both progestational and estrogenic hormones.’ ' 

Michnovicz et al." °° demonstrated an enhancement 
of 2-hydroxylation of estradiol in smokers, leading to 


the formation of 2-hydroxyestradiol, which has vir- 
tually no agonist activity. Nonsmokers form relatively 
more estriol (with weak agonist properties), leaving 
them with more estrogenic activity. These results are 
consistent with the increased activity of 2-hydroxylation 
and 4-hydroxylation in placental microsomes of smok- 
ers,'™ as well as with the reduced urinary excretion of 
estriol in premenopausal smokers.’ ¥ 

Polycyclic aromatic hydrocarbons in tobacco smoke 
also may induce microsomal mixed function oxidase 
systems that metabolize sex hormones.’® In vitro, these 
compounds can affect the metabolism of testosterone 
and androstenedione and can enhance the formation 
of catechol metabolites of estradiol.'*'* On the other 
hand, carbon monoxide can inhibit some of these en- 
zymes.'* °° The clinical relevance of these in vitro re- 
sults is not clear, but plausible mechanisms are sug- 
gested by which smoking might affect sex hormone 
metabolism. The fact that smoking alters hormone 
levels in postmenopausal women receiving oral estro- 
gens, but not, percutaneous ones, is consistent with such 
effects occurring in the liver.’ 

There are other possible pathways for the antiestro- 
genic effect.of smoking. Mattison® has noted that cig- 
arette smoke extracts cause ovarian atresia in rodents, 
confirming earlier uncontrolled studies of cigarette 
smoke itself.?!° (Parenteral nicotine seems to have no 
effect on the ovaries.) Mattison” postulates that this 
could explain the early menopause seen in women who 
smoke; disturbances in estrogen-dependent processes 
before menopause could presumably be due to a similar 
toxic impact on the developing graafian follicle.?” 
While this could explain both the early menopause seen 
in smokers and other effects among premenopausal 
women, it could not explain how cessation of smoking 
would leave women at a virtually normal risk of early 
menopause, nor would it explain an antiestrogenic ef- 
fect among post-menopausal women beyond that de- 
pendent on age at menopause. 

Cigarette smoking also might disturb hypothalamic 
regulation of ovarian secretion. Nicotine crosses the 
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blood-brain barrier and is readily taken up by brain 
tissue, where nicotinic cholinergic receptors are 
widespread.” Both cigarette smoking and paren- 
teral nicotine administration have been shown to affect 
neurotransmitter turnover, especially in adrenergic sys- 
tems.?* ?" An enhancement of dopamine’ turnover 
may explain the low prolactin levels and lowered risk 
of Parkinson’s disease among smokers.'® 21216 In fe- 
male rodents, cigarette smoke or parenteral nicotine 
(but apparently not carbon monoxide) inhibits lutein- 
izing hormone release, presumably from hypothalamic 
dopaminergic stimulation.?”*" Thus a central distur- 
bance could explain both menstrual irregularity in pre- 
menopausal smokers and the early cessation of menses 
but would not explain postmenopausal antiestrogenic 
effects. 


Men 


Men who smoke cigarettes have a lower risk of benign 
prostatic hypertrophy than nonsmokers,”*” and dogs 
chronically exposed to cigarette smoke have smaller 
prostate glands as well.” It is tempting to ascribe these 
effects to hormonal changes, and testosterone levels 
were, in fact, decreased in the dogs. In humans, how- 
ever, men who smoke cigarettes generally have been 
found to have higher levels of testosterone and adrenal 
androgens and possibly higher levels of estradiol.?** 
The mechanisms underlying these effects are not es- 
tablished but may include increased adrenal secretion 
and alterations in the production and metabolism of 
testosterone. 212246 

The direct relevance of these results to women is 
unclear. However, these data do reinforce the fact that 
constituents of cigarette smoke can affect the produc- 
tion and metabolism of steroid hormones. Also, it is 
noteworthy that both male and female smokers have 
higher levels of adrenal androgens and increased 2- 
hydroxylation of estrogens.??” 2° 20.47 


Comment 

In conclusion, there is epidemiologic evidence that 
cigarette smoking affects several estrogen-related con- 
ditions in women. Smoking increases the risk of early 
menopause, reduces the risk of endometrial cancer, 
and probably increases the risk of osteoporotic frac- 
tures. Although available data are scanty, it appears that 
uterine fibroids,’ vomiting of pregnancy, and endo- 
metriosis are less common in smokers and menstrual 
irregularity and menopausal symptoms are aggravated. 
Epidemiologic evidence, on the other hand, is incon- 
sistent in relation to benign breast disease. 

The mechanisms involved are not precisely under- 
stood and probably are complex and heterogeneous 
(Table HI). To correspond with the epidemiology, the 
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mechanisms must include reversible processes relevant 
to both premenopausal and postmenopausal women 
and possibly be more potent among the latter. Stimu- 
lation of adrenal androgen production with simulta- 
neous aromatase inhibition could do this, although this 
would not explain the association of cigarette smoking 
with osteoporosis. It is also conceivable that different 
effects are relevant at different ages. For example, dis- 
turbance of gonadotropin release and follicular survival 
might play a role in premenopausal women, and alter- 
ations in peripheral metabolism in postmenopausal 
women. : 

It is not clear what constituents of cigarette smoke 
are responsible for these effects. Nicotine has been di- 
rectly implicated in decreased luteinizing hormone re- 
lease, increased circulating cortisol levels, and’ inhibi- 
tion of adrenal enzymes. Carbon monoxide or poly- 
cyclic aromatic hydrocarbons also may modulate the 
activity of enzymes involved in sex hormone metabo- 
lism or be directly toxic to ovarian follicles. 

The relationships summarized. here help elucidate 


_ the pathophysiologic effects of smoking and illustrate 


how sex hormone systems in women are open to en- 
vironmental influences. Some of the consequences of 
the hormonal disturbances caused by smoking are ben- 
eficial, such as the inverse association with endometrial 
cancer. However, the overall effect of smoking is clearly 
harmful, and cessation should continue to be a health 
priority for cigarette smokers. 
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BASIC SCIENCE SECTION 


Immunohistologic evidence that villitis in human normal term 
placentas is an immunologic lesion 


Carlos A. Labarrere, MD, John A. McIntyre, PhD, and W. Page Faulk, MD 


Indianapolis, Indiana 


Villitis of unestablished origin is a lesion in placentas from normal and high-risk pregnancies. We have 
studied villitis areas in 25 normal term placentas for immune cells, coagulation components, and 
endothelial markers. Villitis areas were filled with activated (HLA-DR, HLA-DP, and HLA-DQ reactive) 
macrophages. B lymphocytes were not identified, and T lymphocytes were of the helper (CD4) phenotype. 
Antibodies to coagulation components revealed perivascular and trophoblastic basement membrane 
deposits of factor IX, increased numbers of platelets, and fetal stem vessels that did not react with 
endothelial markers. These findings suggest helper T lymphocytes activate macrophages that mediate 
coagulation activation and alter endothelium. This combination of immunologic events results in tissue 
changes that are histologically diagnosed as villitis. It is not known what triggers these immunologic 
events, but the finding of villitis in normal placentas suggests the causative factor(s) is present in all 


pregnancies. (Am J OssteT GYNECOL 1990;162:515-22.) 


Key words: Placentas, villitis, macrophages, helper T lymphocytes, coagulation 


Focal areas of chronic inflammation with mononu- 
clear cells and areas of fibrinoid necrosis in chori- 
onic villi are referred to as villitis of unestablished or- 
igin.” The percentage of placentas with villitis is re- 
ported as being 6% (United States), 7.6% (Australia), 
9% (Canada), 13.6% (England), and 33.8% (Argen- 
tina). A recent U.S. study found a percentage that is 
three times greater than that previously reported for 
the United States.’ Villitis lesions frequently are asso- 
ciated with preeclampsia,® * intrauterine growth retar- 
dation,” +*!2 and maternal autoimmune diseases," but 
they also have been described in normal term placen- 
tas."® 1% 11 13 To establish a data base for future com- 
parative studies of abnormal pregnancies, the present 
investigation deals only with placentas from normal 
term pregnancies. 

The presence of villitis in normal placentas and the 
increased presence of these lesions in placentas from 
high-risk pregnancies prompted us to ask whether vil- 
litis areas manifest characteristics of an immunologic 
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lesion. To address this question, we studied cryostat 
sections of unfixed snap-frozen tissues with the use of 
immunohistologic techniques. We focused this initial 
study on immunologic and coagulation factors, and our 
results show the presence of both. The purpose of this 
article is to describe these findings and to discuss their 
possible relevance to the pathophysiology of villitis. 


_ Material and methods 


This study was designed to characterize villitis le- 
sions in 25 placentas from pregnancies that would 
be clinically judged as being normal in any obstet- 
ric service. Clinical variables of these pregnancies, 
expressed as averages + SEs, were maternal age, 
26.2 + 1.03 years; blood pressure in the third trimes- 
ter, 118.2 + 2.44/72.5 + 1.97 mm Hg; gravidity/ par- 
ity ratio, 2.48 + 0.36/1.04 + 0.35; weeks’ gestation, 
39.6 + 0.27; birth weight 3421.1 + 80.2 gm; and Ap- 
gar scores (1 minute/5 minute) 7.36 + 0.28/8.88 + 
0.10. 

The placentas from these 25 normal term pregnan- 
cies were collected by vaginal delivery at Methodist Hos- 
pital in Indianapolis, Indiana. They were placed in an 
ice bath and transported to the Center for Reproduc- 
tion and Transplantation Immunology within 1 hour 
after delivery. Tissue blocks (1 cm x 1 cm) of chorionic 
villi were dissected from the maternal side of the central 
cotyledon. These were washed in 0.01 mol/L, pH 7.2, 
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Table I. Definition of antibodies in the present study 


Antibody 
HLA-DR 


HLA-DP 


Leu-10 


Dako, macrophage 


Leu-M3 


MAB 1201 
Dako T11 


Leu-5b 


Leu-4 


Leu-3a 


Leu-2a 


Leu-12 


Factor IX 


Factor IX 
Factor VIII vW 


Factor VHI vW 


GplIb, Ia 
Fibrin 


FITC goat 

F(ab’), anti-mouse 
IgG (H and L) 

RITC goat 

F(ab’), anti-mouse 
IgG (H and L) 

FITC goat 

_. E(ab'), anti-rabbit 

IgG 

RITC goat 

F(ab’), anti-rabbit 
IgG 


HLA-DR 
(mono- 
morphic) 

HLA-DP 
(mono- 
morphic) 

HLA-DQ 
(poly- 
morphic) 

Macrophage 


Macrophage, 
monocyte 
(CD14) 

Monocyte 


T cell, E ro- 
sette recep- 
tor (CD2) 

T cell, E ro- 
sette recep- 
tor ( CD2) 

T lymphocytes 
(CD3) 


T lymphocytes, 
helper/indu- 
cer (CD4) 

T cells, cyto- 
toxic/sup- 
pressor 
(CD8) 

B lymphocytes 
(CD19) 


Coagulation 
factor IX 


Coagulation 
factor IX 

Human vW 
factor 

Human factor 
VIII RA 


Platelets IIb, 
IIIa complex 
Human fibrin 


Mouse IgG (H 
` and L) 


Mouse IgG (H 
and L) 


Rabbit IgG 


Rabbit IgG 


Specifici 


Becton Dickinson 
Mountain View, 
Calif. 

Becton Dickinson 
Mountain View, 
Calif. 

Becton Dickinson 
Mountain View, 
Calif. 

Dakopatts Santa Bar-' 
bara, Calif. 

Becton Dickinson 
Mountain View, 
Calif. 

Chemicon Los Ange- 
les, Calif. 

Dakopatts Santa Bar- 
bara, Calif. 


Becton Dickinson 
Mountain View, 
Calif. 

Becton Dickinson 
Mountain View, 
Calif. 

Becton Dickinson 
Mountain View, 
Calif. 

Becton Dickinson 
Mountain View, 
Calif. 


Becton Dickinson 
Mountain View, 
Calif. 

Dakopatts 

Santa Barbara, Calif. 


Hybritech 

San Diego, Calif. 
Serotec 

Oxford, England 
Dakopatts 


Santa Barbara, Calif. — 


Chemicon 

El Segundo, Calif. 
American Diagnostics 
New York, N.Y. 
Protos ` 

San Francisco, Calif. 


Protos 
San Francisco, Calif. 


Protos i 
San Francisco, Calif. 


Protos 
San Francisco, Calif. 





Species, 


Immunoglobulin class 


Mouse, IgG2? 
Mouse, IgG1k 
Mouse, IgGlk« 


Mouse, IgG1k 


Mouse, IgG2’« 


Mouse, IgG1 


Mouse, IgGik 
Mouse, IgG2’x 
Mouse, IgG1 
Mouse, IgG1 


Mouse, IgG] 


Mouse, IgGlk 
Rabbit 
Mouse, IgGlk 


Mouse, IgGl 


Rabbit 


Mouse, IgGl 
Mouse, IgGl 


Goat 
Goat 
Goat 


Goat 


Specificity test 


FACS analysis, immu- 
nohistology 


FACS analysis 


FACS analysis 


Immunohistology 


FACS analysis 


Immunohistology, im- 
munocytology 

Immunohistology, im- 
munocytology 


FACS analysis 


FACS analysis, immuno- 


cytology 
FACS analysis 


FACS analysis, immu- 
nohistology 


FACS analysis 


Crossed immunoelec- 
trophoresis, enzyme- 
linked immunosor- 
bent assay 

Functional assay 
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Dilution 


l: 


Immunoelectrophoresis, 1 


immunodiffusion 
Crossed immunoelec- 
trophoresis, enzyme- 
linked immunosor- 
bent assay, immuno- 
histology 
Enzyme-linked immu- 
nosorbent assay 
Western blot 


Affinity purified 
F:P = 3.8 


Affinity purified 
R:P = 2.6 


Affinity purified 
F:P = 2.6 


Affinity purified 
R:P = 2.8 


i 


10 


: 100 


:10 
780 
:80 


:40 
720 
:40 


740 


750 


:50 





FITC, Fluorescein isothiocyanate; RITC, rhodamine isothiocyanate; FACS, Auorescence-activated cell sorter. 
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Fig. 1. Cryostat sections of snap-frozen unfixed chorionic villi. Hematoxylin and eosin stain (left 
panel) shows large area of villitis (V) in center surrounded by matenal blood (B) and normal (N) 
chorionic villi. Note pinkish fibrinoid material at periphery and many mononuclear cells throughout 
lesion. When same section was reacted with fluoresceinated monoclonal antibody to HLA-DR, many 
cells within villitis lesion reacted (green). (x 250). 


phosphate-buffered saline solution (PBS) and snap- 
frozen in liquid nitrogen. Tissues were kept at — 20° C 
until 4.0 wm sections were prepared from them with 
the use of a cryostat (Tissue-Tek, Elkhart, Ind.). Tissue 
sections were removed from the cryostat blade by flash 
condensation onto glass microscope slides and air dried 
with an electric fan for | hour at room temperature. 
No chemical fixation was used. 

To determine the extent of villitis in our study pop- 
ulation, a section of each block from each placenta was 
stained with hematoxylin and eosin” and examined by 
conventional light microscopy. The sections were stud- 
ied according to criteria used to establish the presence 
‘of villitis in other normal populations by means of 
studying hematoxylin and eosin sections.” * When ap- 
proximately two (i.e., 2.32 + 0.25) blocks per placenta 
were studied according to Russell,’ 1.78% (+ 0.91%) 
of villi in normal placentas contained evidence of villitis. 
When approximately four (i.e., 4.64 + 0.52) blocks per 
placenta were studied according to Knox and Fox,’ the 
percentage of villi in normal placentas with evidence 
of villitis was 1.76% (+ 0.80%). The percentage of villi 
with villitis in placentas from primiparous mothers (13 
patients) was 0.92% + 0.50% and that from placentas 
from multiparous mothers (12 patients) was 2.65% + 
1.53% when 4.64 (+ 0.52) blocks per placenta were 
studied. 

‘Each-tissue section was prewashed for 30 minutes in 
PBS and incubated for 30 minutes in a moisture box 

“with 50 wl of antibody. The antibodies and antibody- 


specific tests used in this study are listed in Table I. 
After incubation with antibody, each section was rinsed 
in PBS and taken through three 10-minute washes in 
a glass reservoir (7.5 X 10 x 12.5 cm) filled with PBS 
that was constantly mixed with a magnetic stirrer. After 
the third wash, each section was incubated for 30: min- 
utes in a moisture box with 50 pl of F(ab’), antibody- 
conjugates of fluorescein isothiocyanate or rhodamine 
isothiocyanate. Double antibody experiments. were 
done by expanding the above procedure between wash- 
ing of the first antibody and addition of the antispecies 
fluorochrome conjugate. This was accomplished either 
with the use of antibodies from different species and 
appropriately matched fluorescein isothiocyanate and 
rhodamine isothiocyanate conjugates, or by using 
fluorochrome-labeled first antibodies. After the final 
wash, each section was mounted with a coverslip that 
contained PBS-buffered glycerol (60%) adjusted to 
pH 8.0 with solid tris(hydroxymethyljaminomethane 
(Sigma Chemical, St. Louis). 

Each experiment was accompanied by PBS, antibody, 
and conjugate controls. These were done by exposing 
the cryostat sections to only PBS, antibody, or conjugate 
when they were taken through the above immunohis- 
tologic procedures. Isotype-specific irrelevant primary 
antibodies were also used as negative controls. The di- 
lution of each antibody used in this investigation is 
given in Table I. These were determined by checker- 
board titrations against conjugates on tissue sections 
from different control tissues according to Faulk and 
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Fig. 2. Cryostat section of snap-frozen unfixed chorionic villi after reaction with monoclonal antibody 
to human macrophages and rhodamine (red) conjugate, Note macrophages in central villitis area. 
Macrophages also were identified in normal villi above and below in photograph (arrows). When 
same section was reacted with fluorescein-labeled (green) monoclonal antibody to HLA-DR, mac- 
rophages within lesion were positive but many macrophages outside lesion were negative (arrows). 
(x250). 


Johnson. The working dilution selected for each an- 
tibody was defined as two serial-dilutions before end- 
point titration. These procedures were performed at 
room temperature. Before application, each antibody 
was ultracentrifuged 100,000 g at 4° C for 1 hour. Ti- 
tration and ultracentrifugation were done for each 
antibody at least every 6 weeks, and all newly received 
antibodies were ultracentrifuged and titrated. Pro- 
pidium iodide,’* factor V,” and polyclonal and 
monoclonal” antibodies to trophoblast antigens were 
used to identify trophoblast subpopulations as defined 
by Faulk and McIntyre.” 

All sections were studied by epi-illumination and in- 
terference optics according to Faulk and Hijmans.”! A 
microscope (Leitz Orthoplan 2, Wetzlar, West Ger- 
many) fitted with an HBO-100 mercury-arc lamp 
was used. The epi-illuminator (Ploemopak, Wetzlar) in 
this microscope contained an I-2 type fluorescein iso- 
thiocyanate filter complex that consisted of a 450 to 490 
nm excitation filter, a 510 nm dichroic mirror, and 
a 515 nm barrier filter that allowed wavelengths 
>515 nm to pass. The epi-illuminater also contained an 
N2.1 type rhodamine isothiocyanate filter complex that 


consisted of a 515 to 560 excitation filter, a 580 nm 
dichroic mirror, and a 580 nm barrier filter that allowed 
580 nm wavelengths to pass. The microscope was con- 
nected to a camera (Wild MPS 51 S, Heerbrugg, Swit- 
zerland) that contained ASA 200 daylight 35 mm Ek- 
tachrome film (Eastman Kodak, Rochester, N.Y.). After 
the immunofluorescence studies, the sections were 
stained with hematoxylin and eosin and photographed. 


Results 

This investigation was centered on typical villitis le- 
sions located in villi not associated with the basal plate. 
The lesions typically consisted of several villi aggre- 
gated in a matrix of mononuclear cells and fibrinoid 
(Fig. 1). 

Leukocyte findings. The predominant cell type 
within areas of villitis reacted with monoclonal anti- 
bodies to macrophages but not to monocytes. Macro- 
phages were often identified in normal chorionic villi, 
but they were abundant in villitis lesions. Results of 
double antibody experiments. with monoclonal anti- 
body to macrophages and HLA-DR showed macro- 
phages in normal villi were negative or lightly reactive 
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Fig. 3. Cryostat section of snap-frozen unfixed tissue shows reaction with monoclonal antibody (lefi 
panel) to T lymphocytes (CD2) (arrows). Note normal villus (N) from above inserting itself between 
densely infiltrated villitis areas (V). Right panel shows helper T lymphocytes that react with mono- 
clonal antibody Leu-3a (CD4). CD4-positive cells also reacted with monoclonal reagents to T lym- 
phocytes (CD2 and CD3). Note normal villus contains few reactive cells (open arrows) and villitis area 


is densely infiltrated (curved arrows). (X 250). 


with ant-HLA-DR, but macrophages in and around 
areas of villitis reacted brightly with anti- HLA-DR (Fig. 
2). AnticHLA-DR consistently reacted in areas that 
were diagnosed as villitis by hematoxylin and eosin 
staining (Fig. 1). The HLA-DR—positive macrophages 
also reacted with monoclonal antibodies to HLA-DP 
and HLA-DQ. 

T lymphocytes were identified with the use of anti- 
bodies to either CD2 (i.e., Dako T11 or Leu-5b) or CD3 
i.e, Leu-4). They were uncommonly found in normal 
villi. The lymphocytes in villitis lesions were negative 
for CD8, but were positive for CD4 (Fig. 3), indicating 
they were helper T cells. None of the normal or ab- 
normal villi reacted with monoclonal antibody to the 
CD19 determinant of B lymphocytes, although this an- 
tibody brilliantly reacted with B cells in control sections 
of human lymph nodes and spleen (data not shown). 

Coagulation findings. The coagulation factor found 
most consistently in villitis was factor IX. It was located 
in perivascular areas and along trophoblastic basement 
membranes (Fig. 4). Fibrin also was identified in villitis 
areas (Fig. 5). Activated platelets were identified with 
the use of monoclonal antibody to the Hb/HIa glyco- 
protein. They were identified in fetal stem vessels of 
normal chorionic villi and in intervillous spaces, but 
they rarely adhered to microvillous surfaces. In con- 
trast, platelets were often around villius areas (Fig. 6, 
left). In more advanced lesions platelets were numerous 
and frequently were within affected villi (Fig. 6, right). 
-This suggests that platelet-trophoblast adherence is an 
early event in the pathophysiology of villitis. 

Endothelial findings. Endothelial cells were studied 
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Fig. 4. Cryostat section of snap-frozen unfixed chorionic villi 
reacted with antibody to factor EX and fuore einated (green) 
conjugate. Note negative normal villi (N), linear reaction along 
trophoblastic basement membrane (arrow) and fetal stem ves- 
sels (V) of affected villus, (x 250). 








with the use of antibodies to factor VILL vW, because 
factor VIII vW is present on normal human placental 
endothelium.” When villius areas were stuc 
monoclonal antifactor VIII vW, the endotly 
fetal stem vessels were negative, but fetal 
in normal chorionic villi were positive (Fig. 7). Thus 
endothelial cells of vessels within villitis 
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Fig. 5. Hematoxylin- and eosin-stained unfixed cryostat section shows pink areas of fibrinoid in 
villitts lesion (arrows). Immunohistochemical reaction (red) with monoclonal antibody to fibrin on 
same section shows specific localization (arrows) of fibrin within fibrinoid areas. (x 250). 





Fig. 6. Unfixed cryostat sections from snap-frozen chorionic villi reacted with monoclonal antibody 
to activated platelet glycoprotein Hb/HIa. Left panel shows early villitis where several villi have 
come together with platelets adhering to hemochorial surface (arrows). Right panel shows more 
advanced and contracted lesion with platelets around (arrows) and inside affected tissue (opened 
arrow}. Note activated platelets in some fetal stem vessels of normal surrounding villi (small arrows). 
(x 250). 


react with antibodies that are known to recognize nor- 
mal endothelium, 


Comment 


With the use of immunohistologic techniques and 
monoclonal antibodies we found that macrophages 
were the most common cells involved in villitis. These 
apparently were activated. because they expressed class 
Il major histocompatibility complex— antigens. In the 


same lesions, many T cells of the helper phenotype 
were identified. Few suppressor T cells and monocytes 
were detected, and B cells were not identified. These 
findings indicate that villitis lesions predominantly in- 
volve activated macrophages and helper T cells. Pub- 
lished data indicate macrophages are activated by cy- 
tokines released from antigen-activated CD4-reactive 
T lymphocytes.“ The antigen is not known. 

Tissue factor-like procoagulant activity of endothe- 
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Fig. 7. Unfixed cryostat section reacted with antifactor IX and fluoresceinated (green) conjugate. 
Villitis areas identified by linear green reactivity along trophoblastic basement membrane (arrows). 
In the same section reacted with monoclonal antibody to factor VIH vW and rhodamine-labeled 
conjugate (red), note that factor VIL vW reacts with fetal stem vessel endothelium of normal (N) 
villi (arrows) but does not react with vessels in villitis areas (V). (x250). 


lium is markedly increased by interleukin-] and other 


cytokines.” This is amplified by down-regulation of 


thrombomodulin” and secretion of platelet-activating 
factor.” The most evident aspect of coagulation in vil- 
litis is the perivascular and trophoblastic basement 


membrane deposition of factor IX and the presence of 


fibrin. Confirmation of an activation of coagulation is 
found in earlier observations of fibrin and fibrinogen 
in the same anatomic areas in term" and preterm” pla- 
centas. The present results show that platelets also are 
involved in the pathophysiology of villitis. These re- 
actions appear to damage endothelium as measured by 
loss of factor VIIL vW. If fetal stem vessels are not 
functional, avascular necrotic changes in affected villi 
might be expected to be infiltrated with macrophages 
to clear away debris. 

There are at least three interpretations for the pres- 
ence of activated macrophages in villitis lesions. These 
are infection, allo 





geneic recognition reactions, and 
scavenger functions in putative areas of avascular ne- 
crosis. These are all quite different, and their contri- 
butions to the pathophysiology of villius need to be 
determined. Some light might be cast on this problem 
by the use of immunologic approaches such as those 
cited in this article. The results of our studies indicate 
that villitis is predominantly a cellular lesion that in- 
volves macrophages, helper T cells, and platelets. Stud- 
ies are in progress to determine whether the cells are 
of maternal, extraembryonic, or fetal origin, 
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Dr. Carolyn Coulam for providing clinical details, Ms. 
Pat Gulley for technical assistance, and Mrs. Marcia 
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normal placentas and details about the pregnancies. 
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Orosomucoid in human pregnancy serum diminishes 
bioavailability of the progesterone antagonist RU 486 in rats 


Kenneth A. Steingold, MD, Dennis W. Matt, PhD," Lavenya Dua, MD, 


Ted L. Anderson, PhD,” and Gary D. Hodgen, PhD? 
Richmond and Norfolk, Virginia 


Bioavailability of the progesterone antagonist RU 486 was examined in vivo by measurement of first-pass 
uptake by hepatic and uterine tissues in rats. Presence of human pregnancy serum or a,-acid glycoprotein 
(orosomucoid) in injection vehicles diminished uptake of this steroid, which suggests limited bioavailability. 
These data indicate that elevated human serum orosomucoid levels may account for some failures of RU 
486 in early pregnancy termination. (Am J OssteT GYNECOL 1990;162:523-4.) 


Key words: Progesterone antagonist, RU 486, orosomucoid, pregnancy, serum o,-acid 


glycoprotein, pregnancy termination 


Experimental studies of the potent progesterone an- 
tagonist RU 486 have stimulated increased interest in 
development of a regimen for early pregnancy termi- 
nation in women. Several reports have shown an effi- 
cacy of 85% to 90% when RU 486 was administered 
alone within 10 days of the missed menses; thereafter, 
reliability of RU 486—induced pregnancy termination 
diminishes precipitously.' These observations deserve 
a definitive explanation as to why RU 486 does not 
provide virtually 100% efficacy as a contragestational 
agent when it is appropriately administered. 

Previous data have suggested serum and metabolic 
factors, possibly a binding globulin, may limit RU 486 
bioavailability, thereby curtailing its contragestational 
efficacy. Here, we compare the uptake of RU 486 in 
liver and uterus when administered in aqueous buffers 
that contain bovine serum albumin (BSA), human 
third-trimester pregnancy serum, or the specific serum 
component o,-acid glycoprotein (orosomucoid). 


Material and methods 


In vivo uptake of RU 486 was examined in liver and 
uterus with an established model for “first pass” steroid 
uptake by tissues.’ Both ['H]RU 486 (1.87 TBq/mmol; 
Roussel-Uclaf, Paris) and freely diffusible [C]butanol 
reference (10:1 ratio; 0.5 wCi in 250 wl) were injected 
into oophorectomized rats (four to six animals per ex- 
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perimental variable) via the abdominal aorta (for 
uterus) or portal vein (for liver) in one of three vehicles: 
(1) Ringer’s solution + 0.1% BSA; (2) Ringer’s solu- 
tion + 4.0% BSA; or (3) neat third-trimester preg- 
nancy serum. To limit exposure to a single pass, time 
between sample injection and tissue analysis was 15 
(uterus) or 18 (liver) seconds.” The percent of steroid 
extracted (X + SEM) was determined; data were an- 
alyzed with analysis of variance. 

Because a,-acid glycoprotein has a high affinity for 
basic lipophilic drugs, we predicted its presence in hu- 
man pregnancy serum may be a principal factor in 
diminishing RU 486 bioavailability. This was tested by 
the addition of orosomucoid (99% pure; Sigma Chem- 
ical Co., St. Louis) physiologic concentrations (0.1, 0.5, 
and 3.0 mg/ml) to Ringer’s solution that contained 
0.1% BSA. 


Results 


First-pass uptake of [>H]RU 486 by hepatic and uter- 
ine tissues is illustrated in Fig. 1. There was no differ- 
ence detected after addition of 0.1% or 4.0% BSA to 
the Ringer's vehicle. However, we found that human 
pregnancy serum strikingly diminished apparent bio- 
availability of RU 486; uptake of this progesterone an- 
tagonist was diminished by half in liver (p < 0.05) and 
sixfold in uterus (p < 0.01). 

Addition of orosomucoid to Ringer’s solution that 
contained 0.1% BSA reduced extraction of RU 486 in 
a dose-dependent fashion by hepatic and, more dra- 
matically, uterine tissues; the uptake by uterus was de- 
creased to 25%, 15%, and 9% at orosomucoid concen- 
trations of 0.1, 0.5, and 3.0 mg/ml, respectively. Fur- 
thermore, the effect of orosomucoid at 3.0 mg/ml was 
equivalent to that of neat human third-trimester preg- 
nancy serum. 
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Ringer's 
0.1% BSA 


Ringer's Preg. 
4.0% BSA Serum 


0.1 0.5 3.0 


mg/ml mg/mi mg/m} 

Fig. 1. Percent of SH]RU 486 uptake during first pass through 
rat liver (O) and uterus (@). Vehicles were (A) Ringer’s solution 
containing 0.1% or 4.0% BSA, or neat third-trimester human 
pregnancy serum; (B) Ringer’s solution containing 0.1% BSA 
plus @,-acid glycoprotein (orosomucoid) at concentrations of 
0.1, 0.5, and 3.0 mg/ml. Data are illustrated as mean + SEM 
(n = 4 to 6 for each experimental group). Significant differ- 
ences were determined by analysis of variance (*p < 0.05; 
**) < 0.01). 


Comment 

Because «,-acid glycoprotein is an abundant serum 
protein with a high capacity to bind a variety of basic 
lipophilic agents including progesterone and its struc- 
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tural analog RU 486, it is not surprising that first-pass 
tissue uptake was markedly reduced by addition of oro- 
somucoid to the vehicle. Moreover, our findings were 
similar in degree to the reduction in uptake realized 
with physiologic concentrations present in pregnancy 
serum. Although uptake of RU 486 by specific tissues 
has not been described in human beings, similar phar- 
macodynamics of this compound administered to hu- 
man beings, monkeys, and rodents suggest a common 
metabolic mechanism prevails among these models. 
Thus, we believe that cautious extrapolation of our ob- 
servations to the human condition is reasonable. 

On the basis of these observations, we suggest that 
orosomucoid may be a primary serum factor that in- 
fluences the bioavailability of RU 486 and its principal 
metabolites. Orosomucoid levels increase nonspecifi- 
cally in response to surgery, trauma, infection, inflam- 
mation, and cancer; acute rises from basal nonpregnant 
levels (0.8 mg/ml) to well over 3.0 mg/ml may be re- 
alized. We postulate that some women may manifest a 
spontaneous or precocious elevation of orosomucoid, 
thereby presenting a high ratio of bound-to-free forms 
of RU 486. Thus, in such a milieu, progesterone is not 
sufficiently displaced from uterine receptors, and in 
turn, there may be a failure to achieve full reliability 
of early pregnancy termination. 

Our findings allow speculation that identification of 
a non-noxious agent that can reduce RU 486 binding 
to orosomucoid in circulation may elevate its relative 
bioavailability and thereby enhance its contragesta- 
tional reliability. 


REFERENCES 


1. Couzinet B, LeStrat N, Ulmann A, Baulieu EE, Schaison 
G. Termination of early pregnancy by the progesterone 
antagonist RU 486 (Mifepristone). N Engl J Med 1986, 
315:1565. 

2. Steingold KA, Cefalu W, Pardridge W, Judd HL, Chaud- 
huri G. Enhanced hepatic extraction of estrogens used for 
replacement therapy. J Clin Endocrinol Metab 1986; 
62:761. 


Detection of platelet-activating factor in amniotic fluid of 


complicated pregnancies 


Dennis R. Hoffman, PhD, Roberto Romero, MD,° and John M. Johnston, PhD* 


Dallas, Texas, and New Haven, Connecticut 


The ether phospholipid PAF (1-alkyl-2-acetyl-sn-glycero-3-phosphocholine) was originally described as a 
potent bioactive lipid associated with inflammatory responses. More recently, we have suggested a 
functional role for PAF in fetal lung maturation and the initiation of parturition. Previously, PAF was 
detected in the amniotic fluid of women ai term during labor. A significant proportion of this PAF was 
associated with a lamellar body—enriched fraction. In addition, the PAF concentration was elevated in fetal 
rabbit lung during the latter stages of gestation and in human fetal lung in organ culture. It was therefore 
concluded that the PAF present in amniotic fluid during labor was, in part, of fetal lung origin. In the 
reported study, amniotic fluid samples were obtained from a group of patients with uncomplicated 
pregnancies at term “not in labor” and “in labor” and a group with complicated pregnancies. We found an 
eightfold greater concentration of PAF in amniotic fluid obtained from the “term, in labor” samples 
compared with that of the “term, not in labor” samples (40 vs. 312 fmol/ml). A twentyfold elevation in PAF 
(838 fmol/ml) was evident in the amniotic fluid of patients incurring “preterm labor” with an average 
gestational age of 32 weeks compared with the “term, not in labor” group. PAF concentrations also were 
elevated to 756 fmol/ml amniotic fluid in a group of patients with an average gestational age of 31.5 
weeks who had premature rupture of membranes. We have previously suggested that a second autacoid, 
PAF, in addition to eicosanoids, may function in the initiation of parturition at term in uncomplicated 
pregnancies. On the basis of our findings of a severalfold increase in the PAF concentration in amniotic 
fluid from complicated pregnancies, it is suggested that this potent activator of myometrial contraction, 
together with the eicosanoids, may be a contributing factor associated with premature labor. (Am J OBSTET 


GYNECOL 1990;162:525-8.) 


Key words: Parturition, platelet-activating factor, amniotic fluid, preterm labor, premature 


rupture of membranes 


We have previously identified the presence of 
platelet-activating factor (PAF, 1-alkyl-2-acetyl-sn- 
glycero-3-phosphocholine) in amniotic fluid from 
women with uncomplicated pregnancies at term and in 
labor.! In contrast, the PAF concentrations in the am- 
niotic fluid obtained from patients at term and not in 
labor were below the limit of detection. A significant 
amount of PAF and its lipid precursors, lyso-PAF 
and 1-alkyl-2-acyl-sn-glycero-3-phosphocholine (50% 
to 90%), were associated with a lamellar body—enriched 
amniotic fluid fraction. Since lamellar bodies, which 
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contain surfactant, originate from type II pneumono- 
cytes of the fetal lung, we have proposed that this tissue 
is, in part, a source of the PAF found in lamellar bodies 
of amniotic fluid.”* Indeed, activities of the biosynthetic 
enzymes lyso-PAF:acetyl-coenzyme A acetyltransferase’ 
and l-alkyl-2-acetyl-glycerol:cytidine 5’-diphosphate— 
choline cholinephosphotransferase,“* as well as the con- 
centration of PAF,’ increased during the gestational 
maturation of the fetal rabbit lung. A similar increase 
in PAF concentrations and the activity of acetyltrans- 
ferase was found when human fetal lung explants, ob- 
tained from midtrimester abortuses, were placed in or- 
gan culture.’ 

The presence of PAF in the amniotic fluid of women 
in labor has been confirmed by Nishihira et al.> This 
group of investigators also demonstrated that PAF in- 
duces myometrial contractions in rats. Similar findings 
also have been reported for guinea pigs® and humans.’ 
A functional role for PAF in pregnancy is further ex- 
emplified by a precipitate decrease in the activity of the 
high-density lipoprotein—associated PAF degradative 
enzyme PAF acetylhydrolase at midgestation in mater- 
nal rabbit serum. The activity returns to normal levels 
within 24 hours post partum.® 


525 


526 Hoffman, Romero, and Johnston 


In this investigation we compared the PAF concen- 
trations in amniotic fluid from complicated preterm 
pregnancies and uncomplicated term pregnancies. An 
association between elevated levels of amniotic fluid 
PAF and the process of labor is demonstrated. 


Methods 


Samples of amniotic fluid were obtained from four 
categories of patients: (1) women who were not in active 
labor at term (n = 5), (2) women who were in active 
labor at term (n = 6), (3) women who were in pre- 
term labor with intact membranes (n = 9), and (4) 
women with preterm premature rupture of membranes 
(PROM, n = 6). Amniotic fluid samples were obtained 
by transvaginal amniotomy in women at term in active 
labor and by transabdominal amniocentesis in women 
in the other three groups. Amniocentesis was per- 
formed for other diagnostic purposes; the remainder 
of the samples were used for PAF analysis. Patients did 
not receive medication before amniocentesis. Cultures 
for aerobic and anaerobic bacteria and mycoplasma 
species were performed in the amniotic fluid according 
to techniques previously described.® For lipid analysis, 
amniotic fluid was centrifuged (600 g for 5 minutes) 
to obtain a cell-free suspension, frozen in liquid ni- 
trogen, and stored at —70° C. Lipid extraction was 
performed according to previously described meth- 
ods.' 1-[SH]Alkyl-2-acetyl-sn-glycero-3-phosphocholine 
(PAF, 9012 dpm/32 fmol; purity >97%, Amersham, 
Arlington Heights, Ill.) was added to determine lipid 
recovery. The PAF in amniotic fluid samples (1 ml of 
“in labor” samples and 5 ml of “not in labor” samples) 
was isolated by thin-layer chromatographic procedures 
as described.’ Recovery after lipid extraction and chro- 
matography averaged 69.6% + 0.5% (+SEM) for all 
samples. PAF was quantified with a bioassay that was 
based on aggregation of rabbit platelets.’ A standard 
curve of bioactivity was established by using 5 to 
100 fmol of PAF (1-hexadecyl-2-acetyl-sn-glycero-3- 
phosphocholine) obtained from Novabiochem (Lau- 
felingen, Switzerland). One-half maximal aggregation 
of platelets was achieved with 26 fmol PAF standard. 


Results 


Table I illustrates the PAF concentration in the am- 
niotic fluid of five patients whose average gestational 
age was 39 weeks and who were not in labor. The av- 
erage PAF concentration in this group was 40 fmol/ml 
of amniotic fluid. As is also illustrated in Table I, the 
concentration of PAF in amniotic fluid of term preg- 
nancies in patients in labor was approximately 312 
fmol/ml. This value is similar to that previously re- 
ported for patients in labor at term.’ We also deter- 
mined the amniotic fluid PAF concentration in two 
groups of patients with complicated pregnancies (Table 
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I). In the first group were nine patients in preterm labor 
whose gestational age ranged between 25 and 35 weeks 
with a mean of 32 weeks. The mean concentration of 
PAF in amniotic fluid in this group was 838 fmol/ml. 
These values were significantly different from the term, 
not in labor and term, in labor patient populations at 
p < 0.005 and p < 0.025, respectively. Two of the pre- 
term labor patients, however, had microbial infections 
(Table II). In the limited number of samples in this 
group, no striking differences in amniotic fluid. PAF 
concentrations were found in these samples obtained 
from patients with infection. We also determined the 
amniotic fluid PAF concentrations in seven patients that 
are destined for early labor and delivery with preterm 
PROM (mean gestational age 31 weeks). The PAF con- 
centration in this group was significantly different from 
both the term-not-in-labor and term-in-labor groups of ` 
patients (PAF 756 fmol/ml amniotic fluid). Three of 
these patients had infections; however, no significant 
deviation in PAF concentrations from that in the non- 
infected group was noted in these patients when the 
Mann-Whitney test for comparison was used. 

We also determined the lecithin/sphingomyelin 
(L/S) ratio in seven of the nine patients with premature 
labor and.in six of the seven patients with PROM (Table 
II). No correlation between the L/S ratio and the con- 
centration of PAF in amniotic fluid was found (p > 0.05, 
Spearman correlation). 


Comment 


We have previously reported that significant amounts 
of PAF were present in the amniotic fluid of women at 
term and in labor.’ These observations were confirmed 
by Nishihira et al.* using gas chromatographic—mass 
spectrographic procedures. They reported that PAF 
was detected in the amniotic fluid of all 10 patients at 
term and in labor and was absent in the term, not in 
labor group. The results reported here (Table I) with 
rabbit platelets are in agreement with those previously 
found in this laboratory with the horse platelet aggre- 
gation bioassay.' In those experiments, 14 of 24 samples 
from women in labor and at term had an average PAF 
of 200 fmol/ml amniotic fluid, and in 10 samples from 
women at term but not in labor, no PAF was detected. 
We have also obtained similar results for PAF in these 
two groups with the [*H]serotonin release assay” that 
used prelabeled rabbit platelets (PAF 212 fmol/ml am- 
niotic fluid from term, in labor samples and an average 
of <5 fmol/ml in term, not in labor patients, Angle 
MJ, Johnston JM. Unpublished observations). 

We have found twofold to threefold higher levels of 
PAF in the amniotic fluid of patients in preterm labor 
and in patients with preterm PROM compared with the 
term, in labor group. We and others (for recent review 
see reference 11) have suggested a role for eicosanoids 
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Table I. PAF concentration in amniotic fluid 


Patient status 


Term, not in labor 
Term, in labor 
Preterm labor 
PROM 


“IO MD OF 


|o oa | Gestational age (wk) 
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PAF concentration (fmolt/ml) 


39+ 0.6 40 + 2.2 

40+0 312 + 63* 

32+1.1 838 + 171*+ 
31.5+1.3 ' 756 + 149*+ 





All values are mean + SEM of the number of amniotic fluid samples (n). 
*Values are significantly different from the term, not in labor value according to Student's ¢ test, p < 0.005. 


{Values differ from term, in labor value at p < 0.025. 


Table II. Individual data for preterm patients 








Amniocentesis 
to delivery 
interval 










Patient Gestational Contractions 


No. per 10 min 

1437 30 i 63 
1447 32 2 * 

1432 35 2 + 

1436 35 2 * 

1444 35 Irregular * 

1441 33 1 * 

1365 32 1 * 

1393 25 3 1 
1411 31 3 24 
1401 33 0 46 
1431 28 0 12 
1434 33 0 28 
1430 32 0 66 
1429 25 0 33 
1423 35 0 41 
1422 35 0 72 





: Preterm 
Infection PROM Labor 
X 








PAF 
(fmol/ml) 


1887 2.4 

X 537 1.0 

X 872 4.7 

X 1022 1.4 

X 310 2.4 

X 1121 0.7 

X 280 ND 

X X 451 ND 
X X 1060 1.5 
X X 576 1.1 
x X 1367 ND 
X X 1056 1.3 
X 525 1.¢ 

X 1011 0.6 

x 249 2.6 

"X 508 2.5 





ND, Not determined. 
*Delivery at term. 


in the initiation of labor. We now suggest that a second 
potent autacoid, PAF, also may be an important factor 
in the events of labor both at term and preterm. Thus 
an involvement of multiple factors that modulate the 
fundamental process of parturition may be more ac- 
ceptable than the so-called “trigger” concept. 

We. have proposed”’ that the last major organ to ma- 
ture in the fetus, namely, the lung, produces and se- 
cretes surfactant-associated PAF into amniotic fluid. 
. The PAF in amniotic fluid that is not associated with 
lamellar bodies may originate from other fetal tissues. 
PAF produced by the fetal kidney may reach amniotic 
fluid via urinary excretion, and indeed we have de- 
tected PAF in the first voided urine of newborns.’ The 
enzymes necessary for PAF biosynthesis are present in 
fetal membranes and decidua vera’; however, secre- 
tion of PAF from amnion was not evident.'* Additional 
sources of PAF may be leukocytes that are present in 
these tissues or the amniotic cavity. These cells are 
known to synthesize" and secrete PAF.” Thus a number 
of tissues and cell types may contribute to the amniotic 
fluid PAF found in complicated pregnancies. Further 


studies are required to dissect the effect of infection 
and labor with the changes in PAF concentration in 
amniotic fluid. 

We previously reported that PAF stimulates the pro- 
duction and release of prostaglandin E, in amnion 
membrane disks.'* Recently, Bleasdale et al.'® reported 
that PAF also stimulates the release of prostaglandin E, 
from cultured human amnion cells by 100-fold to 200- 
fold. The PAF-induced release of prostaglandins has 
been noted in other cell and tissue types such as rat 
mesangial cells,” polymorphonuclear leukocytes,'* rab- 
bit iris smooth muscle,’® and isolated perfused rabbit 


kidney.” An interrelationship between PAF and the me- 


tabolites of arachidonic acid in various cell types is sug- 
gested by the observation that a derivative of phos- 
phatidylcholine, namely, alkyl-arachidonoyl-glycero-3- 
phosphocholine, can serve as the precursor of both PAF 
and eicosanoids.” Since PAF has been demonstrated to 
induce myometrial contractions,”” it may initiate the 
early events of labor in a manner similar to that pro- 
posed for prostaglandin E». Thus these two potent 
autacoids produced by the fetal tissues may act either 
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independently or synergistically to initiate the process 
of parturition. 


We express our gratitude to Dr. M. Janelle Odom for 
_ providing normal pregnancy amniotic fluid samples. 
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Pregnancy increases cardiovascular toxicity to cocaine 


James R. Woods, Jr., MD, and Mark A. Plessinger, MS 


Rochester, New York 


The effects of intravenous cocaine on heart rate and blood pressure were studied in pregnant and 
oophorectomized nonpregnant ewes. In response to intravenous cocaine doses of 1.0 and 2.0 mg/kg, 
both pregnant and nonpregnant ewes demonstrated dose-dependent increases in systolic, diastolic, mean 
arterial, and pulse pressures with return to baseline by 30 to 60 minutes after cocaine administration. 
However, at both doses (1.0 and 2.0 mg/kg) pregnant ewes demonstrated greater increases in mean 
arterial pressure (+ 29.6%, +48.7%) than nonpregnant ewes (+ 15.6%, +27.7%) during the first 5 
minutes after cocaine administration. Thereafter the responses were similar. Thus pregnancy increases the 
cardiovascular toxicity to cocaine. (AM J Osster GYNECOL 1990;162:529-33.) 


Key words: Cocaine, pregnancy, toxicity, pregnant sheep 


Cocaine use by women during pregnancy has been 
associated with spontaneous subarachnoid hemor- 
rhage, abruptio placentae, and preterm labor." ? The 
uncertain purity of “street” cocaine and the estimation 
of cocaine consumed by these women make the deter- 
mination of a dose-response relationship to these clin- 
ical observations impossible. In the pregnant ewe, in- 
travenous cocaine in doses of 3 and 5 mg/kg produces 
abruptio placentae, cardiac arrhythmias, respiratory 
distress, seizures, and death.? Although many of these 
sequelae to cocaine have been observed in nonpregnant 
ewes, they are not observed until doses of 10.0 to 15.0 
mg/kg are attained (Woods JR Jr., Plessinger MA. Un- 
published observations). This lethal dose range in non- 
pregnant ewes approximates the lethal dose reported 
in humans. From autopsy results of cocaine overdose 
victims, the lethal dose of cocaine in the human is es- 
timated to be 1.4 gm,* or approximately 20 mg/kg for 
a 70 kg person. Therefore these data from sheep sug- 
gest that the risks of cardiovascular and neurologic 
complications from intravenous cocaine are increased 
during pregnancy. 

The cardiovascular actions of cocaine result from its 
known ability to block the reuptake of catecholamines 
within the synaptic cleft, prolonging their actions at the 
effector terminals, and increasing their concentrations 
in the bloodstream. Changes in cardiac output, blood 
volume, receptor function, and hormonal levels occur 
during pregnancy and may influence the actions of 
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cocaine on the cardiovascular system. This study was 
designed to compare changes in heart rate and blood 
pressure in pregnant and nonpregnant ewes with co- 
caine at doses that produced significant increases in 
blood pressure yet avoided the cardiac arrhythmias and 
seizures observed in pregnant ewes at higher doses. 
Sheep were used in this study because the nonpregnant 
sheep appears to be a more dose-appropriate model 
for cardiovascular studies of cocaine compared with 
rodent models. For example, the lethal dose of cocaine 
in rats by intraarterial injection was determined to be 
146.0 + 66.0 mg/kg.’ Furthermore, the pregnant ewe 
can tolerate the uterine surgery required for fetal ar- 
terial catheterization without the complications of pre- 
mature labor. 


Material and methods 


Eleven time-dated pregnant ewes with singleton fe- 
tuses and eight nonpregnant ewes were used in this 
study. Pregnant ewes were 115 to 120 days’ gestational 
age (term, 145 days) at the time of catheterization. Be- 
fore surgery, each ewe was sedated with an intravenous 
injection of 0.02 mg/kg of a 100:1 ketamine hydro- 
chloride/xylazine hydrochloride mixture before tra- 
cheal intubation and maintained during surgery with 
halothane and oxygen by means of an Air-Shield Ven- 
timeter Ventilator 2 surgical respirator (Air-Shield, 
Hatsboro, Pa.). Catheters were placed in the femoral 
artery for measurement of arterial blood pressure and 
femoral vein for intravenous drug administration. To 
ensure fetal viability in the group of pregnant ewes, a 
midline abdominal incision and hysterotomy were per- 
formed for placement of a fetal carotid artery catheter 
to allow for arterial blood gas determinations. Details 


. of this procedure have been previously described.* Each 


nonpregnant ewe was oophorectomized through a 
small midline abdominal incision to eliminate hormenal 
cycling that could influence the physiologic responses. 
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Table I. Baseline values, maximum increases/decreases, and changes from baseline values of 
cardiovascular measurements after administration of cocaine 1 and 2 mg/kg intravenously to 


nonpregnant and pregnant ewes 





Nonpregnant (n = 8) 














Cocaine 1 mg/kg 











Pregnant (n = 11) 













Maximum 
increase! Change from Maximum Change from 
Baseline decrease baseline increase / decrease baseline 








145.3 + 10.9* 


Systolic blood pressure 128.6 +4.3 144.9 + 6.6 16.3 + 3.4 116.4 £ 4.7 30.5 + 6.1F 
(mm Hg) 

Diastolic blood pressure 75.1 + 3.9 89.1+ 5.3 14.14 3.4 73.3 + 3.3 98.0 + 7.5* 25.7 + 4.07 
(mm Hg) 

Mean arterial pressure 93.1 + 4.0 107.6 + 5.6 14.5 + 3.4 88.6 + 3.4 114.8 + 8.1* 27.3 + 4.67 
(mm Hg) 

Pulse pressure 53.6 + 3.1 56.9 + 4.0 3.3 + 2.5 43.1 + 3.2% 49.3 + 3.2 6.1 + 1.9 
(mm Hg) ; 

Heart rate 90.7 + 3.1 94.5 + 4.1/ 3.8 + 1.9/ 107.8 +24 111.5 + 6.0/ 4.9 + 7.9/ 
(beats/min) 87.9 + 5.1 —2.8 + 2.5 96.5 + 4.5 —10.0 + 4.6 

Cocaine 2 mg/kg f 

Systolic blood pressure 125.1 + 4.3 152.2 + 5.7* 27.2 + 5.9 112.2 + 3.54 163.5 + 9.0* 51.3 + 9.2f 
(mm Hg) 

Diastolic blood pressure 73.3 + 3.7 98.7 + 5.6* 25.4 + 6.4 71.0 + 3.0 107.5 + 5.6* 36.5 + 4.67 
(mm Hg) 

Mean arterial pressure 90.6% 3.7 115.74 5.8* 25.2 + 6.9 84.8 + 3.1 126.1 + 6.6* 41.3 + 6.lf 
(mm Hg) 

Pulse pressure 51.7 + 3.4 56.0 + 4.5 6.5 + 0.9 41.2 + 2.34 56.0 + 4.5* 14.8 + 4.9 
(mm Hg) . 

Heart rate 94.4 + 3.8 —/ -7.6 44.7 103.5 + 2.5} 106.4 + 3.8/ 2.9 + 5.0/ 
(beats/min) 86.8 + 4.8 101.1 + 3.1 -24+18 


Values indicate mean + SEM. 


*Significant change from respective baseline value (p < 0.05). 


tSignificantly different from maximum increase/decrease values of nonpregnant ewes (p < 0.05). 
Significantly different from baseline values of nonpregnant ewes (p < 0.05). 


At the completion of the surgery, the abdominal inci- 
sion was closed and the catheters were passed sub- 


cutaneously along the left flank and placed in a. 


pouch secured to the ewe’s side. All studies were con- 
ducted at least 4 days after operation to allow for 
recovery. Maternal and fetal catheters were flushed 
daily with 1000 and 100 IU/ml heparin sodium, re- 
spectively. 

Physiologic measurements. In each experiment, 
blood pressure was monitored continuously by attach- 
ing the ewe’s arterial catheter to a pressure transducer 
(Micron MP-15D, Micron Instruments Inc., Los An- 
geles) connected to a pressure amplifier (SensorMedics 
9853C, SensorMedics Corp., Anaheim). Heart rate was 
measured by a cardiotachometer (SensorMedics 9857) 
connected in series with the pressure amplifier. Blood 
pressure and heart rate were recorded continuously 
throughout all experiments using a SensorMedics R- 
611 eight-channel recorder. Pulse pressure was com- 
puted as systolic blood pressure minus diastolic blood 
pressure. Fetal cardiovascular measurements have been 
reported previously and were therefore not obtained 
in these experiments.’ 

Dosing. Cocaine hydrochloride (Sigma Chemical 
Company, St. Louis) doses were dissolved in 5 ml of 


physiologic saline solution (0.9%). Cocaine was admin- 
istered intravenously in random order of either 1.0 or 
2.0 mg/kg body weight. At least 24 hours elapsed be- 
fore each ewe received the second dose. 

Study protocol. For each experiment, a baseline pe- 
riod of 60 minutes was allowed during which heart rate 
and blood pressure were continuously monitored. In 
the group of pregnant ewes, a fetal arterial blood sam- 
ple (0.4 ml) was drawn anaerobically from the fetal 
catheter into a heparinized glass syringe during this 
baseline period. The fetal blood sample was analyzed 
for blood pH, Pco,., and Po, with a blood gas analyzer 
(Instrumentation Laboratory model IL-1602, Instru- 
mentation Laboratory Inc., Lexington, Mass.) adjusted 
to 39° C (sheep core temperature). After the baseline 
period, cocaine was injected into the femoral vein cath- 
eter as a 30-second bolus and the heart rate and blood 
pressure were monitored for 60 minutes after injection. 

Data analysis. For data analysis, cardiovascular mea- 
surements of baseline heart rate and blood pressure 
were made at 25 and 5 minutes before cocaine injection, 
and at 1, 2, 5, 10, 15, 30, and 60 minutes after cocaine 
injection. With the exception of measurements at 1 and 
2 minutes, each data point consisted of the mean of 
four measurements taken over a 2-minute period. At 
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Fig. 1. Responses of mean arterial pressure from pregnant (n = 11) and nonpregnant (n = 8) ewes 
to intravenous cocaine, 1.0 (top) and 2.0 (bottom) mg/kg. Data are presented as mean + SEM. Asterisk 
indicates statistically significant differences, p < 0.05, between groups. 


J 


1 and 2 minutes after injection, the data points con- 


sisted of the mean of two measurements over a 20-. 


second period. Statistical significance was determined 
by a three-way [Factors = Dose (2), Time (8), and Preg- 
nancy (2)], repeated-measures analysis of variance. All 
data satisfied tests for normal distribution. Differences 
between mean values were determined using a post hoc 
Student~Newman-Keuls range test when significance 
was determined by analysis of variance. Significance 
was established at p < 0.05. 


Results 


The mean + SEM gestational age of testing for 
pregnant ewes was 122 + 1 day with 1.0 mg/kg co- 


caine and 123 + 1 day with 2.0 mg/kg cocaine. The 
mean + SEM weight of the pregnant ewes at the time 
of testing was 56.9 + 3.3 kg and the weight of the non- 
pregnant ewes was 49.1 + 2.4 kg. In the group of preg- 
nant ewes, the baseline fetal blood gas values were as 
follows: Po, 22.3 + 1.1 mm Hg; Pcos, 38.5 + 1.9 
mm Hg; and pH, 7.38 + 0.01 (mean + SEM). 
Measurements obtained before cocaine injection 
demonstrated significant differences in baseline values 
(Table I) of systolic blood pressure, pulse pressure, and 
heart rate between pregnant and nonpregnant ewes. 
As indicated, the nonpregnant ewes exhibited a signif- 


icantly higher baseline systolic blood pressure and pulse 


pressure and a lower heart rate than the pregnant ewes. 
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When administered to nonpregnant ewes, cocaine at 
1.0 mg/kg produced no significant changes in systolic 
blood pressure, diastolic blood pressure, mean arterial 
pressure, or pulse pressure. In contrast, pregnant ewes 
demonstrated significant increases from baseline in sys- 
tolic blood pressure, diastolic blood pressure, mean ar- 
terial pressure, and pulse pressure. When absolute 
changes from baseline were examined, pregnant ewes 
exhibited significantly greater increases from baseline 
values for systolic blood pressure (+ 24.8%), diastolic 
blood pressure (+ 33.7%), and mean arterial pressure 
(+29.6%) than responses from nonpregnant ewes 
(+ 12.7%, +18.6%, + 15.6%, respectively). 

In response to 2.0 mg/kg cocaine (Table I), both 
nonpregnant and pregnant ewes demonstrated signif- 
icant increases in systolic blood pressure, diastolic blood 
pressure, and mean arterial pressure from baseline val- 
ues. In addition, pregnant ewes demonstrated a sig- 
nificant increase in pulse pressure. Pregnant ewes dem- 
onstrated significantly greater absolute increases from 
baseline values for systolic blood pressure (+ 45.7%), 
diastolic blood pressure (+51.4%), and mean arterial 
pressure (+48.7) than nonpregnant ewes (+21.7%, 
+ 34.7%, +27.7%, respectively). In all cases, there were 
no significant trends in heart rate response to intra- 
venous cocaine at either dose in the pregnant or non- 
pregnant group. 

After injection of cocaine at 1.0 and 2.0 mg/kg, max- 
imum differences in mean arterial pressure responses 
between pregnant and nonpregnant ewes were most 
marked and significantly different between groups 
within the first 2 minutes (Fig. 1). From 5 to 60 minutes, 
the values for mean arterial pressure in nonpregnant 
ewes were higher than for pregnant ewes (Fig. 1). How- 
ever, the amount of change from baseline was greater 
for pregnant ewes'than nonpregnant ewes. At both 
doses, the mean arterial pressure of nonpregnant ewes 
‘returned to baseline values by 30 minutes after cocaine 

. injection. In contrast, pregnant ewes exhibited mean 
arterial pressure values above baseline until at least 60 
minutes after injection. 


Comment 


The results of this study indicate that intravenous 
cocaine produces a dose-dependent increase in mean 
arterial pressure in both pregnant and nonpregnant 
ewes. Moreover, when given in comparable doses/kg 
body weight, cocaine produces a twofold increase in 
systolic blood pressure, diastolic blood pressure, mean 
arterial pressure, and pulse pressure in pregnant ewes 
when compared with responses of nonpregnant ewes. 
These data suggest that the cardiovascular system 
during pregnancy exhibits increased sensitivity to co- 
caine. As a measure of cardiovascular function, blood 
pressure is influenced by cardiac output (CO) and sys- 
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temic vascular resistance (SVR) in the relationship: 
CO = MAP/SVR, where MAP is mean arterial ‘pres- 
sure. Because of the increases in blood volume, cardiac 
output, adrenergic tone and decreases in systemic vas- 
cular resistance that occur normally during pregnancy, 
many drugs produce lesser effects on the cardiovas- 
cular system in the pregnant than in the nonpregnant 
state.” Changes in cocaine metabolism during preg- 
nancy, alterations in central or peripheral adrenergic 
receptor sensitivity to norepinephrine, or differences 
in cocaine-induced cardiac responsiveness may individ- 
ually or collectively account for the increased sensitivity 
to cocaine observed in the pregnant ewe. 

Cocaine exerts its drug action primarily by blocking 
the uptake of released catecholamines at nerve termi- 
nals, Cocaine, a methyl ester, is partially metabolized 
(20%) by N-demethylation to norcocaine,® which inhib- 
its the reuptake of norepinephrine more than cocaine.’ 
Plasma and liver esterases and microsomal monooxy- 
genases appear to account for the remaining metabo- 
lism (80%) of cocaine and norcocaine.* Decreases in 
liver cytochrome P4so concentrations (— 25%), and de- 
creased specific activities of glucuronyl transferase” 
and monooxygenase" have been reported in pregnant 
rats and rabbits when compared with that of nonpreg- 
nant animals. Progesterone treatment of nonpregnant 
rats demonstrated an increase in N-demethylation of 
aminopyrine,” which has nearly identical kinetics as N- 
demethylation of cocaine to norcocaine." In our study, 
the high levels of progesterone in pregnant ewes may 
delay metabolism of cocaine or increase its bioactivity 
by increasing N-demethylation to norcocaine, thereby 
contributing to the increased cocaine sensitivity. 

Alternatively, a-adrenergic receptor sensitivity may 
be heightened in pregnancy, thereby explaining the 
augmented cocaine action observed in the pregnant 
ewes. McLaughlin et al.“ reported that vascular reac- 
tivity to phenylephrine in the hind limb of the non- 
pregnant ewe was increased during daily treatment 
with 10 mg/kg intramuscular progesterone.” In a re- 
lated study, nonpregnant ewes treated with progester- 
one, 10 mg/kg intramuscularly, exhibited increased 
mean arterial pressure responses to cocaine, 1.0 and 
2.0 mg/kg intravenously, when compared with re- 
sponses to cocaine before progesterone treatment.” 
Other investigators have demonstrated that estrogens 
increase the number of adrenergic receptors. Because 


_ cocaine produced a greater increase in diastolic blood 


pressure in pregnant than nonpregnant ewes, this dif- 
ference may reflect an increased peripheral vascular 
reactivity to circulating norepinephrine in pregnant 
ewes. 

Cocaine may act directly on the heart in pregnancy 
to increase cardiac output to a greater degree than in 
the nonpregnant state. Cardiac output is a product of 
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heart rate and stroke volume. Because there was no 
significant change in the heart rate response to co- 
caine in either the pregnant or nonpregnant ewe, a 
pregnancy-related increase in cardiac contractility, 
stroke volume, or both may account for the increase in 
blood pressure observed in pregnant ewes after cocaine 
injection. This- premise is supported by a greater 
cocaine-induced increase in systolic blood pressure and 
widening pulse pressure seen in pregnant than non- 
pregnant ewes. 

Finally, changes in body weight during pregnancy 
could contribute to the differences in the cardiovas- 
cular response to cocaine exhibited by pregnant and 
nonpregnant ewes. Because the body weight of preg- 
nant animals includes the weights of the fetus, placenta, 
and amniotic fluid, the maternal cardiovascular system 
during pregnancy could be exposed to a larger effective 
dose of drug based on a dose per kilogram basis than 
nonpregnant ewes. However, the heightened response 
to cocaine observed in nonpregnant ewes during pro- 
gesterone treatment” and the small difference in mean 
weights (+SEM) of the nonpregnant (49.1 + 2.4 kg) 
and pregnant (56.9 +-3.3 kg) ewes in our study effec- 
tively eliminate this explanation for the differences in 
cocaine-induced responses between the two groups. 

In summary, these data demonstrate that the cardio- 
vascular response to cocaine is greater in the pregnant 
than nonpregnant ewe. However, caution should be 
exercised when extrapolating these data from acute, 
first-time exposed animals to humans, since the latter 
are usually chronic polydrug abusers. Nevertheless, 
these data provide areas for future research, but more 
importantly, these observations raise clinical concerns. 
If pregnant women maintain cocaine abuse during 
pregnancy, they may be at increased risk for cocaine- 
related cardiac or vascular complications. 
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Induction of class II major histocompatibility complex antigen 
expression in human granulosa cells by interferon gamma: A 
potential mechanism contributing to autoimmune ovarian 


failure 


Joseph A. Hill, MD, William R. Welch, MD,’ Heidi M. P. Faris, BS, and 


Deborah J. Anderson, PhD* 
Boston, Massachusetts 


We investigated the possibility that major histocompatibility complex (MHC) class II antigens and interferon 
gamma, a product of activated T lymphocytes, play a role in human autoimmune oophoritis. MHC class II 
molecules initiate immune responses by presenting antigens to T-helper lymphocytes; interferon gamma 
can induce class || antigen expression at ectopic sites and has been implicated in the cause of various 
autoimmune disorders. We studied the expression of class Il MHC antigens in ovaries from normal women 
of reproductive-age and from women with premature autoimmune ovarian failure. Immunoperoxidase 
technique applied to tissue sections of nine normal human ovaries revealed class 1] MHC antigen’ 
expression only on occasional cells of macrophage morphology; granulosa cells were negative regardless 
of stage of follicular maturation. In contrast, extensive and intense class Il antigen expression was 
observed in granulosa cells in ovarian biopsy sections from four patients with premature autoimmune 
ovarian failure. Immunofluorescence and radioimmunoassay techniques used to detect and quantitate 
MHC antigens revealed that class || antigen expression could be induced and class | MHC antigen 
expression was enhanced in granulosa cell cultures after the addition of interferon gamma. These data 
provide evidence that autoimmune oophoritis is associated with ectopic expression of MHC class II 
antigens by ovarian granulosa cells, and that this phenomenon can be induced by the immunologic 
cytokine interferon gamma. (Am J OssTeT GYNECOL 1990;162:534-40.) 


Key words: Interferon gamma, autoimmune ovarian failure, major histocompatibility 


complex 


Class II major histocompatibility class (MHC) anti- 
gens, encoded by the human leukocyte antigen (HLA) 


region D, present antigens to helper T cells and thereby . 


initiate immune responses. Class II MHC molecules 
are normally expressed on macrophages, B lympho- 
cytes, activated T lymphocytes, and Langerhans, den- 
dritic, and certain epithelial cells. Their expression 
can be induced in numerous other cell types by inter- 
feron gamma (IFN-y), a product of activated T lym- 
phocytes.’ 
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In 1983 Bottazo et al.” presented a new theory that 
implicated IFN-y and class II major histocompatibility 
class products in the cause of autoimmune endocrine 


` disorders. They proposed that local viral infection or 


other environmental factors could. activate T cells in 
tissues to produce IFN-y, which in turn could enhance 
the expression of class II major histocompatibility class 
antigens not only on normal antigen-presenting cells, 
but also on local epithelial cells. These cells could then 
present autoantigens to the host immune system, 
thereby initiating cellular or humoral autoimmune re- 
sponses, or both. Evidence in support of this theory 
has been produced in cases of autoimmune thyroiditis 
and pancreatitis. Thyroid epithelial cells, which are 
normally major histocompatibility class class II nega- 
tive, can be induced by IFN-y to express HLA-D an- 
tigens,* and thyroid follicular cells from patients with 
autoimmune thyroiditis have been shown to abber- 
rantly express class II major histocompatibility class 
molecules.‘ Furthermore, T cells that are reactive 
against thyroid antigens have been isolated and cloned 
from autoimmune thyroid glands." The role of IFN-y 
induction of class II molecules in pancreatitis is con- 
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troversial, but recent studies in transgenic mice have 
indicated that experimental induction of class H anti- 
gens in the pancreas can lead to pancreatitis and 
insulin-dependent diabetes mellitus.° 

Autoimmune mechanisms are estimated to occur in 
18% to 27% of women with premature ovarian failure,’ 
a condition defined as secondary amenorrhea with hy- 
pergonadotropic hypogonadism occurring before 40 
years of age. Autoimmune ovarian failure can be di- 
agnosed by detection of antiovarian antibodies, or the 
presence of a lymphoplasmacytic or plasma cell infil- 
tration in the ovary.” * It is often accompanied by other 
autoimmune disorders. The mechanism responsible 
for loss of self-tolerance in autoimmune ovarian failure 
is unknown. Granulosa cells, the estrogen-producing 
cells of the ovary, are a prime target of autoimmune 
reactions in the ovary. Granulosa cells are considered 
by some embryologists to be of epithelial origin,” and 
cells of epithelial lineage have been frequently shown 
to be susceptible to class II major histocompatibility 
class antigen induction.’ Therefore we investigated the 
possibility that human granulosa cells can be induced 
to express HLA-D antigens after stimulation with 
IFN-y in vitro, and that granulosa cells may aberrantly 
express HLA-D antigens in cases of autoimmune ovar- 
ian failure. 


Material and methods 


Patients. Granulosa cells were obtained by ovarian 
follicular aspiration from 11 women of reproductive 
age who had laparoscopic oocyte retrieval for in vitro 
fertilization. Ovulation was induced with an established 
protocol that consisted of human menopausal gonad- 
otropin and chorionic gonadotropin. 

Formalin-fixed paraffin-embedded ovarian tissue 
was available from four patients with autoimmune o0- 
phoritis diagnosed between 1982 and 1987. There was 
no history of chemotherapy or radiation treatment to 
the pelvis in any patient and there was no known history 
of exposure to toxins. Patients ranged in age from 26 
to 32 years and were first seen with secondary amen- 
orrhea. One patient also had pelvic pain. All patients 
had elevated gonadotropin levels determined by radio- 
immunoassay and one had accompanying adrenal in- 
sufficiency. 

Control specimens were grossly normal ovaries with 
cystic follicles, corpora lutea, or both selected from 
women of reproductive age who had hysterectomy for 
nonovarian gynecologic disease (eight patients) or sur- 
gery for ectopic pregnancy (one patient). A portion of 
each of the nine ovaries was frozen in OCT compound 
(Mile Scientific, Naperville, Ill.). Portions of four con- 
trol ovaries were fixed in 10% buffered formalin and 
processed to paraffin blocks in the same routine fashion 
as tissues from the cases of autoimmune oophoritis 
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ovaries. Immunohistologic evaluation was performed 
on 6 pm sections from frozen and paraffin blocks. 
Formalin-fixed paraffin-embedded and unfixed frozen 
lymph nodes served as positive control tissue. 

Granulosa cell preparation. Granulosa cell mono- 
layers from in vitro fertilization patients were prepared 
according to standard techniques. Briefly, after removal 
of oocytes, follicular aspirates from individual patients 
were pooled, mixed 1:1 with tissue culture media [Ros- 
well Park Memorial Institute (RPMI) 1640, Gibco,’ 
Grand Island, N.Y.] layered on Ficoll-hypaque (Phar- 
macia, Piscataway, N.J.) and centrifuged at 400 g for: 
30 minutes. Granulosa cells at the interface were col- 
lected, washed twice in RPMI 1640, counted after vi- 
ability assessment, and diluted in RPMI 1640 contain- 
ing 10% fetal calf serum, 0.2 mmol/L glutamine, 100 
IU/ml benzyl penicillin G potassium and 100 pg/ml 
streptomycin sulfate (Gibco). For immunofluorescence 
experiments, 2 x 10° granulosa cells were plated on 
glass coverslips in 24 flat-bottom-well tissue culture. 
plates with covers (Falcon, Oxnard, Calif.). For ra- 
dioimmunoassay experiments, granulosa cells were 
trypsinized for 10 minutes to remove clumps for more 
accurate plating and then were treated with the 
monoclonal antibody, anti-Leu MI (Becton-Dickinson, 
Mountain View, Calif.; 1:50 dilution, 30 minutes at 
4° C) followed by rabbit complement (Pelfreeze, Lit- 
tle Rock; 1:1 dilution, 30 minutes at 37° C) to remove 
associated monocyte-macrophage populations. The 
macrophage-depleted granulosa cell suspensions were 
then plated at 1 x 10*cells per well in multiwell tissue 
culture plates with 96 flat-bottom wells. with covers 
(Falcon). 

Macrophage preparation. Macrophage cultures were _ 
used as additional controls in our radioimmunoassay 
experiments. Macrophages were isolated from fresh 
human peripheral blood by Ficoll-hypaque centrifu- 
gation followed by adherence at 37° C overnight to fetal 
calf serum—coated plastic Petri dishes (Falcon). Non- 
adherent cells were gently rinsed off, adherent cells 
were collected by trypsin treatment, and 2 x 10° of 
these cells were plated per well into 96-well flat-bottom 
plates. 

IFN-y. Recombinant human IFN-y was obtained 
from Biogen (Cambridge, Mass.) and culture-derived 
purified human IFN-y was obtained from Cellular 
Products (Buffalo, N.Y.). Stock solutions were stored 
as aliquots at — 70° C. IFN-y was diluted into RPMI 
tissue culture medium containing 10% fetal calf serum, 
and 100 ul was added to each well after 1 hour of 
culture and removal of nonadherent cells. 

Monoclonal antibodies. The following monoclonal. 
antibodies were obtained from Becton-Dickinson: 
HLe-1, a panleukocyte monoclonal antibody that is: 
present on macrophages and on other leukocytic cell 
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Fig. 1. A, Follicle wall of control ovary reacted with the mono- 


clonal antibodies Tal 1B5, indicating lack of expression of 


MHC class H antigens. (Original magnification x 600.) B, Im- 
munoperoxidase localization of MHC class H antigens in ovar- 
ian tissue from a patient with autoimmune oophoritis. Lu- 
teinized granulosa and thecal cells of an ovarian follicle are 
intensely positive. Mononuclear cells of the inflammatory in- 
filtrate in the adjacent ovarian stroma are also positive. (Orig- 
inal magnification x 600.) 


types; Ia, a monoclonal antibody that reacts with 
HLA-DR; W6/32, a monoclonal antibody that reacts 
with HLA-ABC; anti-Leu M5, a monoclonal antibody 
that reacts with macrophages; and anti-Leu Ml, an IgM 
monoclonal antibody that reacts with macrophages- 
monocytes and was used with complement to reduce 
the level of macrophage contamination in granulosa 
cell cultures. The monoclonal antibody TAL-IB5, 
which is specific for HLA-D region a-chains and is re- 
active against these antigens in paraffin-embedded sec- 
tions,” was the gift of Drs. A. J. Madrigal and 
W. F. Bodmer (Imperial Cancer Fund, London). An- 
other monoclonal antibody that is reactive against a 
leukocyte-common antigen (LC), which also was reac- 
tive in paraffin-embedded tissues, was obtained from 
Dako Corporation (Santa Barbara). 
Immunoperoxidase assay. Paraffin sections were 
prepared for immunohistologic examination by the fol- 
lowing method: sections were cut at 6 pm and affixed 
to slides coated with Histostik (Accurate Chemicals and 
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Scientific, Westbury, N.Y.). Slides were baked at 56° C 
for 30 minutes, and processed through baths of xylene 
(25 minutes), 100% alcohol (5 minutes), running dis- 
tilled water (5 minutes), 5% sodium thiosulfate (5 min- 
utes), running distilled water (5 minutes), 0.6% hydro- 
gen peroxide in methanol (30 minutes), and running 
distilled water (5 minutes). Frozen sections were cut in 
a cryostat at 6 wm, affixed to Histostik-coated slides, 
dried, and fixed for 10 minutes in acetone before the 
immunohistology procedure. 

Panleukocyte, HLA-A, B, C, and HLA-D antigens 
were detected in frozen sections by means of HLe-1, 
W6/32, la, and TAL-IB5 monoclonal antibodies. 
Leukocyte-common and HLA-D antigens were de- 
tected in formalin-fixed paraffin sections with 
leukocyte-common and TAL-1B5 monoclonal antibod- 
ies. A streptavidin-biotin-peroxidase system (Histostain 
SP-kit, Zymed Laboratories; South San Francisco) anal- 
ogous to the ABC technique described by Hsu et al.” 
was used. In brief, after saturation of nonspecific bind- 
ing sites by nonimmune rabbit serum (10 minutes), ap- 
propriately diluted monoclonal antibodies were incu- 
bated on individual slides for 30 minutes at 37° C. Then 
biotinylated secondary antibody was added (10 min- 
utes), followed by the streptavidin-peroxidase conju- 
gate (5 minutes) and the substrate-chromogen (ami- 
noethylcarbazole). Finally, the sections were counter- 
stained with hematoxylin and mounted by an aqueous 
mounting solution (GVA-mount, Zymed). 

Immunofluorescence assay. Immunofluorescence 
assay was performed on aspirated ovarian granulosa 
cells that were adherent to coverslips in 24-well plates. 
Adherence-enriched granulosa cells were washed in 
RPMI medium and 2 ml of 1% paraformaldehyde was 
added to each culture for 10 minutes at room temper- 
ature to stabilize surface antigens and enhance cell ad- 
herence. Cells were then washed sequentially in RPMI 
and RPMI to which 1% bovine serum albumin was 
added. Cells were incubated with 100 yl of primary 
antibody solution, appropriately diluted in RPMI-1% 
bovine serum albumin, on a rocker for 30 minutes. 
Primary antibody was rinsed off with RPMI-1% bovine 
serum albumin before secondary antibody was added 
and cells were then incubated for another 30 minutes 
at room temperature. After a final wash (10 minutes 
on a rocker with two changes), cells were processed 
for fluorescence microscopy by lifting the coverslips 
from the wells, placing them cell-surface-up on a 
glass histology slide, and mounting a coverslip with 
5% phenylenediamine—20% glycerol in citrate buffer 
(pH 9.4). 

Radioimmunoassay. Two hours after cell plating, 
nonadherent cells were removed by gentle rinse and 
aspiration, and IFN-y or control medium was added. to 
the cultures. Adherent cells were assessed for surface 
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antigen expression in a time course after addition of 
IFN-y. Cells were fixed in 1% paraformaldehyde as 
described above, and 50 pl of appropriately diluted 
antibody or 1% bovine serum albumin control solu- 
tion was added to each well of the 96-well plate. After 
a l-hour incubation in primary antibody, cultures 
were washed, and 100 pl of iodine 125—labeled rabbit- 
anti-mouse immunoglobulin containing 200,000 cpm 
was added to each well. After a 30-minute incubation 
followed by five washes in RPMI-1% bovine serum al- 
bumin, cells were detached by addition of x 10 trypsin 
and transferred to glass counting tubes for ‘y-counting. 
All radioimmunoassay determinations were performed 
in quadruplicate. 

Statistical analysis. Statistical analysis was performed 
with Student’s ¢ testing when applicable. Significance 
was assumed when the null hypothesis could be rejected 
with assurance (p < 0.05). 


Results 


HLA-D region antigen expression in ovaries of re- 
productively normal women and women with autoim- 
mune oophoritis. At the time of operation, the patient 
with pelvic pain and characteristic microscopic findings 
of autoimmune oophoritis had markedly enlarged ova- 
ries containing numerous cysts and periovarian adhe- 
sions. The histologic appearance of ovaries from all 
four patients with autoimmune oophoritis were similar 
to descriptions and illustrations in the literature.* Lym- 
phocytes and plasma cells rimmed follicles with lutein- 
ized cells. Destructive infiltrates involved the theca of 
smaller, less developed follicles and entered the gran- 
ulosa layer of follicles with advanced luteinization. Fol- 
licles on the verge of total destruction often had des- 
quamated inflammatory cells and lutein debris in the 
lumina. A perineural lymphoplasmacytic infiltrate was 
present around hilar nerves in one case; hilus cells were 
not identified. 

Histologic sections of the control ovaries were un- 
remarkable and consisted of normal follicles and cor- 
pora lutea. None of the sections from control ovaries 
that had been fixed in buffered formalin and embed- 
ded in paraffin, or ovaries frozen in OCT compound 
demonstrated HLA-D region antigen expression in the 
granulosa layer (Fig. 1, A). HLA-D antigens were de- 
tected on cells of monocytic and lymphoid morphology 
in blood vessels and interstitial spaces in control ovaries 
as expected. Ovaries from the patients with histologi- 
cally confirmed autoimmune oophoritis demonstrated 
variable focal to diffuse HLA-D expression in cells lin- 
ing follicles (Fig. 1, B). The intensity of staining varied 
from brilliant in relatively intact areas to faint in 
thinned crumbling areas of the lutein layer. HLA-D 
antigen expression was also observed in vascular en- 
dothelium of ovaries of autoimmune oophoritis pa- 
tients. Nerve fibers of the hilar nerve with perineural 
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Fig. 2. A, Nerve in hilus of ovary of a patient with autoimmune 
oophoritis. Immunoperoxidase stain with monoclonal anti- 
body TAL-1B5 reveals MHC class H antigens. (Original mag- 
nification x 600.) B, Serial section of same hilar nerve stained 
with the DAKO-leukocyte-common antibody for visualization 
of infiltrating leukocytes. (Original magnification x 600.) 


lymphoplasmacytic infiltrate in the case noted above 
also intensely stained for HLA-D (Fig. 2, A and B). 
In vitro HLA-D region (MHC class II) antigen 
expression studies. MHC class I] antigens were not 
detected by immunofluorescence on fresh human gran- 
ulosa cell monolayers from 11 women before incuba- 
tion with IFN-y in vitro. Significant class II expres- 
sion, however, was observed after incubation of gran- 
ulosa cells with both culture-derived and recombinant 
IFN-y preparations over concentrations ranging from 
2.5 x 10?to 2.5 x 10°U/ml (Fig. 3). All granulosa cells 
were observed to express class I] antigens after 24-hour 
incubation with IFN-y. Peak expression was observed 
at 72 hours and was sustained through 120 hours of 
continuous culture with IFN-y. Further times were not 
studied because granulosa cells began to degenerate 
after 120 hours in culture. Unstimulated granulosa cell 
cultures (without IFN-y) did not express class H anti- 
gens at any time. Granulosa cells in culture and in tissue 
sections expressed low levels of HLA-A, B, C detectable 
by immunofluorescence and immunoperoxidase as- 
says. In immunofluorescence studies, class | MHC 
expression appeared to be enhanced on all granulosa 
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Fig. 3. Detection of MHC class II antigen expression in human granulosa cell monolayer cultures 
by indirect immunofluorescence technique. A, 3-day culture without IFN-y; B, 3-day culture treated 
with 10? U/ml recombinant IFN-y; C, 5-day culture treated with 10? U/ml recombinant IFN-y. 


(Original magnification x 600.) 


cells in the presence of IFN-y. The possibility that HLA- 
A, HLA-B, HLA-C, and HLA-D region expression was 
attributable to leukocytes in the immunofluorescence 
study was reduced by extensive washing of granulosa 
cell monolayers to remove nonadherent cells (T and B 
lymphocytes) and by double labeling experiments with 
the rhodamine-conjugated monoclonal antibody M5 in 
addition to fluoresceinated anti HLA-DR to screen for 
residual macrophage-monocyte contamination. Cells 
expressing the M5 marker after plating made up <5% 
of the total population of cells and were morphologi- 
cally distinct (smaller) from the granulosa cells in cul- 
ture. The pan-leukocyte monoclonal antibody HLe-1 
was also used to further assess the level of leukocyte 
contamination. Adherent cell cultures contained ap- 
proximately 5% contaminating leukocytes; these cells 
were readily distinguishable from granulosa cells by 
size, 

Cell surface HLA-A, B, Cand HLA-D region antigen 
expression was quantitated by cell-binding radioim- 
munoassay. Contaminating leukocytes were minimized 


by elimination of nonadherent cells and treatment of 


cultures with the monoclonal antibody Leu MI (IgM) 
and rabbit complement. The level of monocyte con- 
tamination, assessed by an immunofluorescence assay 
with the monoclonal antibody M5 before plating the 
cultures for radioimmunoassay analysis, was reduced 
at least four-fold (to <2%) by Leu MI plus complement 
treatment. The HLe-1 antibody was also used in ra- 


dioimmunoassay experiments to further assess leuko- 
cyte contamination of granulosa cell monolayers. Pe- 
ripheral blood monocytes were separately evaluated 
in parallel radioimmunoassay experiments as positive 
controls. Radioimmunoassay analysis revealed that 
HLA-D expression in granulosa cell monolayers 
(Fig. 4, A) peaked at 72 hours (sixteenfold increase, 
p < 0.005) and was still significantly elevated after 120 
hours of culture (sixfold increase, p < 0.025). Class IL 
expression in peripheral blood macrophage cultures 
(Fig. 4, B) was also significantly increased by IFN-y after 
24 hours in culture (2.3-fold increase, p < 0.01) but 
was not significantly enhanced by IFN-y after 72 or 120 
hours as a result of spontaneous expression of HLA- 
DR at these times in control macrophage cultures. Class 
I MHC antigen expression on granulosa cells (Fig. 
4, C), was also significantly increased by IFN-y after 72 
and 120 hours (p < 0.025 for both times). Significant 
enhancement of class I MHC expression by IFN-y in 
macrophage cultures was observed only after 120 hours 
of culture (Fig. 4, D). Radioimmunoassay results of 
HLe-1 expression on day 5 in granulosa cell cultures 
were 129 + 131 cpm in control cultures and 187 + 124 
cpm in IFN-y-treated cultures. This is significantly 
lower than the 1411 + 904 and 1536 + 325 cpm ob- 
tained by HLe-] radioimmunoassay in untreated and 
IFN-y—treated peripheral blood macrophage cultures 
plated at 2.5 x 10° cells per well. These HLe-1 data 
indicate that the level of leukocyte contamination was 
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Fig. 4. Quantitation of HLA-DR and HLA-A, B, C expression in granulosa cell and macrophage 
cultures by radioimmunoassay. A, Granulosa cell culture, HLA-DR expression; B, macrophage 
culture, HLA-DR expression; C, granulosa cell culture, HLA-A, B, C expression; D, macrophage 


culture, HLA-A, B, C expression, 


low (<2.5 x 10* cells per well) in the granulosa cell 
cultures. This information, combined with the fact that 
IFN-y expression was increased sixfold in granulosa 
cell cultures on day 5 of culture versus less than twofold 
in macrophage cultures, indicates that contaminating 
macrophages were not principally responsible for the 
enhancement of HLA-D expression. 


Comment 

A specialized role for IFN-y in immune regulation 
has been proposed because of its ability to increase 
MHC class I and class I antigen synthesis in a wide 
variety of cell types.” This is the first report of IFN~y- 
induced class II MHC antigen expression in human 
granulosa cells and aberrant expression of these anu- 
gens in clinical cases of autoimmune oophoritis. A 
cause-and-effect relationship of HLA-D gene expres- 
sion and autoimmunity cannot be established by pro- 
spective immunohistologic studies of clinical materials 
such as those described here. However, experimental 
evidence as reported by Sarvetnick et al.,° who studied 
effects of ectopic class H MHC gene expression in 
transgenic mice, indicates that ectopic MHC class H 
antigen induction is followed by autoimmune sequelae. 
Furthermore, enhancement of class | MHC antigen 
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expression in granulosa cells by IFN-y may contribute 
to autoimmune oophoritis because cells that have high 
surface MHC concentrations not only are more sus- 
ceptible to specific lysis by cytotoxic T cells but also can 
stimulate stronger cytotoxic T-cell responses. 
Activated lymphocytes and macrophages express 
MHC class H antigens, and these cell types are known 
to populate ovarian follicles. Therefore the following 
steps were taken to minimize and control for leuko- 
cytic contamination of granulosa cell cultures: exten- 
sive washing to remove nonadherent cells, use of 
complement and monoclonal antibody to lyse macro- 
phage populations, immunchistologic analysis with 
dual-labeled monoclonal antibody to leukocyte markers 
and HLA-D antigen in immunofluorescence assays, 
and use of macrophage control cultures in radioim- 
munoassay experiments. The probability that induction 
of granulosa cell HLA-D expression was caused by 
IFN-y in our study was increased by (1) demonstration 
of significant antigen induction over a wide concentra- 
tion range of IFN-y, (2) demonstration of HLA-D m- 
duction with both culture-derived and recombinant 
formulations of IFN-y, and (3) by neutralization of the 
effect with heat treatment of the IFN-y formulauion.” 
Gonadotropin therapy was used in women before the 
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collection of granulosa cells for the in vitro studies, and 
it is possible that this treatment affected class II MHC 
antigen expression by ovarian cells. However, our date 
from in vitro studies on granulosa cells from stimulated 
women are likely to be valid because our in vitro ob- 
servations reflected events observed in ovarian biopsy 
specimens of untreated women. 

The ultimate trigger mechanisms for ovarian autoim- 
munity are unknown. Viruses and other pathogens 
have been implicated. These agents could activate T 
lymphocytes that are present in normal ovaries" and 
have been identified infiltrating granulosa cells in 
immunohistologic studies of autoimmune oophoritis.* 
Autoimmune oophoritis may also result from an im- 
balance in suppressor/helper T-lymphocyte ratios in 
the follicular environment. Studies in mice indicate that 
oophoritis can occur when suppressor T cells are de- 
pleted by neonatal thymectomy.’* In a recent study we 
noted a high suppressor/helper T cell ratio in the nor- 
mal human ovarian follicle. We propose that the fol- 
lowing events may occur in women with autoimmune 
oophoritis: (1) IFN-y is produced by activated T lym- 
phocytes in the ovary, in response to disruption of the 
natural immunoregulatory mechanisms of the ovarian 
follicle by genetic or environmental factors or by im- 
mune activation in response to viral or other inciting 
antigens; (2) class II antigen expression is induced by 
IFN-y in ovarian granulosa cells and other cell types 
such as vascular endothelium and hilar nerves; (3) 
ovarian antigens are presented by class II MHC mol- 
ecules to the immune system, triggering humoral or 
cell-mediated antiovarian autoimmune responses; (4) 
IFN-y enhances the expression of class I MHC antigens 
by granulosa cells and makes them more susceptible to 
lysis by cytotoxic T cells; (5) activated and expanded 
autoimmune helper T-cell populations amplify the re- 
sponse. Our model predicts that women with autoim- 
mune ovarian failure could benefit from therapeutic 
modalities that specifically suppress T-cell activation 
and the production or action of the immunologic cy- 
tokine IFN-y. 


We thank Laura Kea and Ann M. Collins for assis- 
tance in the preparation of this manuscript and Arthur 
Mendoza, MD, for photographic assistance. 





9. 


“February 1990 
Am J] Obstet Gynecol 


REFERENCES 


. Winchester RJ, Kunkel HG. The human la system. Adv 


Immunol 1979;28:221-92. 


. Bottazzo GF, Pujol-Borrell R, Hanafusa T, Feldmann M. 


Role of aberrant HLA-DR expression and antigen pre- 
sentation in induction of endocrine autoimmunity. Lancet 
1983;2:1115-8. 


. Piccinini LA, Mackenzie WA, Platzer M, Davies TF. Lym- 


phokine regulation of HLA-DR gene expression in hu- 
man thyroid cell monolayers. | Clin Endocrinol Metab 
1987;64:543-8. 


. Pujol-Borrell R, Londei M, Foulis A, Feldman M, Bottazzo 


GF. Inappropriate major histocompatibility complex class 
II expression by thyroid follicular cells in autoimmune 
disease and by pancreatic beta cells in type | diabetes. Mol 
Biol Med 1986;3:159-65. 


. Londei M, Bottazzo GF, Feldmann M. Human T-cell 


clones from autoimmune thyroid glands: specific recog- 
nition of autologous thyroid cells. Science 1985;228: 
85-9. 


. Sarvetnick N, Liggitt D, Pitts SL, Hansen SE, Stewart TA. 


Insulin dependent diabetes mellitus induced in trans- 
genic mice by ectopic expression of class H MHC and 
interferon-y. Cell 1988:52:773-82. 


. Maxson WS, Wentz AC. The gonadotropin resistant ovary 


syndrome. Semin Reprod Endocrinol 1983;1:147-60. 


. Sedmak DD, Hart WR, Tubbs RR. Autoimmune oopho- 


ritis: a histopathologic study of involved ovaries with im- 
munologic characterization of the mononuclear cell infil- 
trate. Int J Gynaecol Pathol 1987;6:73-81. 

Young RH, Scully RE. Sex cord-stromal, steroid cell, and 
other ovarian tumors with endocrine, paraendocrine, and 
paraneoplastic manifestations. In: Kurman R, ed. Blau- 
stein’s pathology of the female genital tract. New York: 
Springer-Verlag, 1987:607-58. 


. Epenetos AA, Bobrow LG, Adams TE, Collins CM, Isaac- 


son PG, Bodmer WF. A monoclonal antibody that detects 
HLA-D region antigen in routinely fixed, wax embedded 
sections of normal and neoplastic lymphoid tissues. J Clin 
Pathol 1985;38:12-7. 


. Hsu SM, Raine L, Fanger H. The use of avidin-biotin- 


peroxidase (ABC) in immunoperoxidase technique: a 
comparison between ABC and unlabeled antibody (PAP) 
procedures. J Histochem Cytochem 1981;29:577-80. 


. Basham TY, Merigan TC. Recombinant interferon- 


gamma increases HLA-DR synthesis and expression. 
J Immunol 1983;130:1492-4. 


. Hill JA, Barbieri RL, Anderson DJ. Detection of T8 (sup- 


pressor/cytotoxic) lymphocytes in human ovarian follic- 
ular fluid. Fertil Steril 1987;47'114-7. 


. Anderson DJ, Hill JA. Interleukin-1 and endometriosis. 


Fertil Steril 1987;48:894-5. 


. Morrison JC, Givens JR, Wiser WL. Mumps oophoritis: 


a cause of premature menopause. Fertil Steril 1975;26: 
655-9. 


. Taguchi O, Nishizuka Y. Self-tolerance and localized au- 


toimmunity: mouse models of autoimmune disease that 
suggest tissue-specific suppressor T-cells are involved in 
self tolerance. J Exp Med 1987;165: 146-51. 


Direct determination of the ovine fetal umbilical artery blood 


flow waveform 


Glenn L. Irion, PhD, and Kenneth E. Clark, PhD 


Cincinnati, Ohio 


Ultrasonographic umbilical artery blood flow velocity waveform analysis has been proposed as a means of 
noninvasive assessment of fetal well-being. We computed waveform indices from directly measured 
umbilical artery blood flow in chronically instrumented ovine fetuses from 109 to 138 days of gestation 
(term, 145 days). The three waveform indices (systolic/diastolic ratio, pulsatility index, and resistance 
index) correlated significantly with each other (r = 0.90 to 0.98). These indices progressively decreased 
with gestation and were significantly correlated with calculated umbilical vascular resistance (r = 0.68 to 
0.70, p < 0.01) and with umbilical blood flow (r = —0.71, p < 0.01). During the final week of pregnancy, 
systolic/diastolic ratio could be predicted by the combination of placental size (total cotyledonary mass), 
fetal size (ponderal index), and either umbilical blood flow or umbilical vascular resistance (multiple linear 
regression, = 0.94). Fetal heart rate declined from day 109 of gestation to 138 days. Feta! heart rate 
was significantly correlated with waveform indices only when values exceeded 170 beats/min (r = — 0.37 
to —0.51). Ovine fetal umbilical artery waveform indices changed at approximately the same rate as those 


reported for human. fetuses in late gestation on the basis of external Doppler ultrasonographic velocity 
measurements. These results suggest that the sheep is a suitable model for investigations of umbilical 


artery waveform analysis. (AM J Osstet GYNECOL 1990;162:541-9.) 


Key words: Pregnant ewe, Doppler ultrasonography, gestation 


Ultrasonographic umbilical artery blood flow velocity 
waveform analysis has been proposed as a means of 
noninvasive determination of fetal well-being during 
gestation. In many cases, abnormalities in umbilical ar- 
tery waveforms can be detected before deviations in 
other noninvasive indices of fetal well-being, such as 
fetal heart rate.*? During gestation there is a relatively 
greater increase in the minimum (diastolic) value of the 
umbilical blood flow velocity waveform in relation to 
the peak (systolic) value, resulting in decreasing values 
of umbilical blood flow velocity waveform indices.” It 
has been proposed that the increase in diastolic velocity 
compared with systolic velocity is a result of the pro- 
gressive increase in the size of the fetoplacental vascular 
bed and decreasing vascular resistance.’ To date, the 
majority of investigations of blood flow velocity wave- 
forms have been undertaken in humans, and therefore 
accurate, invasive measurements of fetoplacental blood 
flow have not been made to determine if the changes 
in velocity waveforms are actually related to changes in 
umbilical vascular resistance. Morever, few animal stud- 
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ies have been undertaken to validate the assumptions 
implicit in the clinical application of waveform analysis. 

A widely used laboratory model for the study of fetal 
hemodynamics is the chronically instrumented ovine 
fetus. In this investigation, we sought to determine if 
the normal pattern of change in the umbilical artery 
waveforms that occurs in humans can also be detected 
in the sheep, and if the assumption that changes in 
umbilical blood flow waveforms are related to a change 
in umbilical vascular resistance is valid. In this inves- 
tigation we used ultrasonic transit-time flow probes to 
directly determine umbilical artery blood flow wave- 
forms in six sheep from 109 to 142 days of gestation. 
We also recorded mean umbilical blood flow, heart rate, 
and arterial pressure, calculated umbilical vascular 
resistance, and analyzed arterial blood gas values 
throughout this period. 


Methods 


Surgical procedures. Six pregnant ewes (40 to 60 kg) 
carrying singleton fetuses were instrumented. Guide- 
lines for the care and use of the animals approved by 
the University of Cincinnati were followed. A thora- 


‘cotomy was performed on two ewes at 90 days of ges- 


tation for other studies and all six sheep had abdominal 
and fetal instrumentation performed at 105 to 110 days 
of gestation. Before operation, ewes fasted for 48 
hours. On the day of operation, Valium (10 mg intra- 
muscularly) was injected 30 minutes before adminis- 
tration of pentobarbital sodium (15 mg/kg intrave- 
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Table I. Hemodynamic and waveform index values at six time periods 






























Time period 

109-115 days | 116-120 days 126-130 days 131-135 days | 136 days to term 
Gestation (days) 113 + 2 118 +1 123 + 2 127 + 2 130 + 4 138 + 2 
FHR* (beats/min) 175 + 11 166 + 18f 168 +7 154 + 9t 152 + 15 151 +8 
FMAP* (mm Hg) 56 + 2 54 + 3 57 + 6f 58 + 3 61 + 4f 59 + 2 
SQ* (ml/min) 893 + 163 1019 + 139¢ 1046 + 152 1072 + 173 1037 + 158 1103 + 1637 
DQ* (ml/min) 328 + 96 381 + 944 413 + 957 394 + 100 422 + 110 466 + 113+ 
UQ* (ml/min) 601 + 119 680 + 112 691 + 113 700 + 114 682 + 138 738 + 1477 
VR* (mm Hg/ml/min) 0.097 + 0.017 0.082 + 0.017¢ 0.085 + 0.021 0.086 + 0.017 0.089 + 0.020 0.082 + 0.017 
S/D ratio* 2.85 + 0.47 2.80 + 0.56 2.59 + 0.30} 2.81 + 0.394 2.50 + 0.507 2.44 + 0.32 
PI* 0.958 + 0.138 0.950 + 0.117 0.925 + 0.093 0.976 + 0.116¢ 0.899 + 0.157} 0.876 + 0.128 
RI* 0.639 + 0.056 0.629 + 0.063 0.609 + 0.042 0.634 + 0.053t 0.578 + 0.079+ 0.573 + 0.058 
n ; 6 6 6 6 4 5 


` 








Values are means + SD. 


FHR, Fetal heart rate; FMAP, fetal mean arterial pressure; SQ, peak value of the flow waveform; DQ, minimum value of the 
flow waveform; UQ, integrated value of umbilical blood flow; VR, umbilical vascular resistance. 


*Values change significantly with gestation (linear regression, p < 0.05). 
{Significantly different from previous value (repeated measures analysis of variance, p < 0.05). 


nously). The procedure was performed with sheep 
under pentobarbital sodium and spinal (12 mg Pon- 
tocaine) anesthesia. Polyvinyl catheters were placed in 
the maternal distal aorta and inferior vena cava via the 
left femoral artery and vein. The uterus was then ex- 
posed via a midline incision. Through a small uterine 
incision, the left fetal hind limb was delivered to place 
polyvinyl catheters into the fetal aorta via the femoral 
artery and inferior vena cava via a fetal hind limb 
vein. 

After a left retroperitoneal incision, the fetus was 
marsupialized to the uterus. The area surrounding the 
common umbilical artery was exposed, and a 6 to 8 mm 
ultrasonographic transit-time flow probe (Transonic 
Systems, Inc., Ithaca, N.Y.) was placed around the com- 
mon umbilical artery, just proximal to the branches of 
the umbilical artery. At this location approximately 
95% of the blood flow is directed to the fetoplacental 
circulation. Fetal and uterine incisions were subse- 
quently closed. Electromagnetic flow probes (Dienco, 
Los Angeles) were placed around both maternal middle 
uterine arteries. All instrumentation equipment was 
passed through a subcutaneous tunnel and exteriorized 
through a small incision on the ewe’s left flank. Cathe- 
ters were flushed and filled with heparinized saline so- 
lution (1000 U/ml, maternal; 500 U/ml, fetal). Cathe- 
ters and cables were kept in a canvas pouch attached to 
the ewe’s left flank. Catheters were flushed every other. 
day with heparinized saline solution at the above con- 
centrations. Antibiotics were administered to the ewe 
and the fetus the day of operation and for 3 days 
after operation. The ewe was given Combiotic (Pfizer, 
New York, N. Y.), 6 ml intramuscularly, on all occa- 
sions, and the fetus received | gm of ampicillin (Om- 
nipen, Wyeth, Philadelphia) through an amniotic fluid 
catheter postoperatively and 0.5 gm of ampicillin for 
3 days after operation. 


Measurements. Hemodynamic recordings were 
made beginning 4 to 5 days after surgery and at various 
subsequent times (4 to 18 times in different sheep) dur- 
ing gestation until the animals were killed (at 138 to 
142 days) or, in one case, the fetus was delivered spon- 
taneously. Fetal morphometric data were collected at 


_ the time animals were put to death. Both pulsatile and 


integrated umbilical artery blood flow were recorded 
with Transonic T101 Doppler ultrasound flowmeters. 
Maternal and fetal blood pressures were recorded with 
Micron MP 15 pressure transducers (Micron Instru- 
ments, Inc., Simi Valley, Calif.). Maternal and fetal 
heart rates were derived from the arterial pressure 
pulse by means of SensorMedics 9857 cardiotachom- 
eter couplers (Anaheim, Calif.). Umbilical flow, fetal 
arterial pressure, fetal heart rate, maternal arterial 
pressure, maternal heart rate, and right and left uter- 
ine blood flows were recorded continuously with 
SensorMedics R612 recorders. Vascular resistance was 
computed from mean umbilical blood flow and fetal 
arterial pressure, neglecting venous pressure and am- 
niotic fluid pressure. Maternal and fetal arterial blood 
was analyzed for pH, Pacos, and Po, periodically. 
Waveform analysis. Umbilical blood flow was re- 
corded at the speed of 25 mm/s. Pulsatile recordings 
were obtained by setting the low-pass cutoff frequency 
of the Transonic flowmeter to either 30 or 100 Hz for 
at least 1 minute. Blood flow was also recorded at 0.1 
Hz to determine umbilical blood flow averaged over 
the cardiac cycle. Peak systolic and minimum diastolic 
values were measured across a period of at least 10 
to 15 seconds (10 to 20 cardiac cycles) during which 
systolic and diastolic values did not vary by more 
than 20%. Standard waveform analyses were per-. 
formed based on pulsatile and integrated umbilical 
flow recordings. These included  systolic/diastolic 
ratio (S/D ratio) (maximum/minimum value of the 
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Fig. 1. Relationships between the three waveform indices. A, S/D ratio and resistance index. There 
is an exact relationship between S/D ratio and resistance index, but it is nonlinear. B, S/D ratio and 
pulsatility index. There is not an exact relationship between S/D ratio and pulsatility index, but 
pulsatility index can be accurately predicted from S/D ratio (mean error of 5%). C, Resistance index 


and pulsatility index. 


flow wave), pulsatility index (PI) (maximum — 
minimum/mean flow), and resistance index (RI) 
(maximum — minimum/maximum). 

Six animals carrying singleton pregnancies were 
allowed to continue gestation to 137 to 139 days 
without any surgical interventions. These animals 
served as noninstrumented control animals to deter- 
mine the effects of instrumentation. Fetal body mass, 
ponderal index (fetal mass/crown to rump length’) 
(100 - gm/cm’), and total cotyledonary mass were mea- 


sured in the uninstrumented contro] animals and the 
five instrumented fetuses that were carried to term to 
determine if fetal instrumentation had any effect on 
fetal growth. 

The relationships between systolic/diastolic ratio and 
fetal hemodynamic and morphometric parameters 
were examined in four of the six fetuses described 
above in which fetal morphometric data were obtained 
and waveforms were obtained within the last week of 
pregnancy. An additional three animals that were in- 
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Fig. 2. Relationships between umbilical blood flow and waveform indices. A, S/D ratio; B, pulsatility 


index; C, resistance index. 


strumented for other studies, but met these two criteria, 
were used in this analysis. 

Statistical analysis. Unpaired i tests were used to 
compare the body mass, ponderal index, and total cot- 
yledonary mass of the instrumented fetuses with the 


noninstrumented control fetuses. Hemodynamic and. 


waveform index values from the six instrumented fe- 
tuses were placed into six time periods each of 5 days 
in length. To maintain approximately equal represen- 
tation of each fetus in the results, values within a given 
time period were averaged if more than one set of 


observations was collected within a time period for a 
single fetus. Repeated measures analysis of variance 
was followed by the Newman-Keuls procedure to de- 
termine if means were significantly different between 
different time periods. Linear regressions were per- 
formed to determine if fetal heart rate, fetal mean ar- 
terial pressure, systolic, diastolic, and mean umbilical 
blood flow, umbilical vascular resistance, S/D ratio, PI, 
RI, Pao» Paco», and pH varied with gestation. Cor- 
relation coefficients were then computed between 
waveform indices and hemodynamic measurements. 
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Fig. 3. Relationships between umbilical vascular resistance and waveform indices. A, S/D ratio; B, 


pulsatility index; C, resistance index. 


Multiple linear regression was applied to determine 
which hemodynamic and fetal morphometric variables 
contributed to the values obtained for S/D ratio during 
the final week of gestation. Results are reported as 
means + SD. 


Results 


The six instrumented fetuses appeared to de- 
velop normally. Neither fetal body mass (4.43 + 0:56 
versus 4.37 + 0.17 kg, respectively) nor ponderal index 
(3.29 + 0.22 versus 3.03 + 0.20, respectively) differed 
between instrumented and noninstrumented fetuses. 
Moreover, no significant difference could be observed 


in total cotyledonary (placental) mass between groups 
(368 + 120 versus 366 + 74 gm). In the six instru- 
mented animals, total uterine blood flow increased 
48% from 1152 + 342 ml/min on day 114 + 2 to 
1708 + 779 ml/min on day 136 + 7. 
Hemodynamic and blood flow waveform index val- 
ues for the six fetuses at the six different time periods 
are shown in Table I. In general, there were progressive 
decreases in waveform indices, heart rate, and umbilical 
vascular resistance with gestation, and progressive in- 
creases in mean arterial pressure, mean umbilical blood 
flow, peak systolic blood flow, and minimum diastolic 
blood flow with gestation. In agreement with the de- 
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Fig. 4. Relationship between total cotyledonary mass and S/D ratio during the final week of gestation. 


cline in the magnitude of the waveform indices, min- 
imum diastolic flow increased by 42% (328 + 96 to 
466 + 113 ml/min), whereas systolic flow only in- 
creased 23% (893 + 163 to 1103 + 163 ml/min). Sta- 
tistically significant correlations were found between 
several hemodynamic parameters and the blood flow 
waveform indices. Because the three waveform indices 
correlated very highly with each other (see Fig. 1), cor- 
relations with hemodynamic parameters. were similar 
for the three waveform indices. The waveform indices 
correlated significantly with both mean umbilical blood 
flow (r = —0.71 for all three indices) and umbilical 
vascular resistance (r = 0.68 to 0.70) (p < 0.01). The 
relationships between the blood flow waveform indices 
and umbilical blood flow are shown in Fig. 2 and be- 
tween waveform indices and vascular resistance in Fig. 
3. The waveform indices could bė predicted from um- 
bilical blood flow as follows: 


S/D = 4.38 — 0.0024 -UQ 
_ PI = 1.40 — 0.00068 -UQ 
RI = 0.844 — 0.00033 -UQ 


where UQ is umbilical blood flow (ml/min). 

A significant correlation between fetal heart rate and 
waveform indices was not observed when all gestational 
values were used; however, in cases in which heart rate 
exceeded 170 beats/min, fetal heart rate and waveform 
indices were significantly correlated. These higher 
heart rates were generally found earlier in gestation 
because heart rate decreased during gestation. PaO», 
Paco, and pH values remained within the normal 
range throughout gestation. 

. The size of the placental vascular bed is thought to 
play a major role in determining waveform indices. In 
this study, S/D ratio was significantly inversely corre- 
lated with the size of the placenta (total cotyledonary 
mass) (r = — 0.69). This relationship between total cot- 
yledonary mass and S/D ratio is shown in Fig. 4. Using 
multiple linear regression, S/D ratio was best predicted 


by a combination of total cotyledonary mass, umbilical 
blood flow, and ponderal index: 


S/D = 5.81 — 0.00223 - TCM — 0.00157 - UQ — 
0.407 « ponderal index (r? = 0.94) 


where TCM is total cotyledonary mass (gm) and UQ is 
umbilical blood flow (ml/min). A similar equation was 
derived with umbilical vascular resistance: 


S/D = 3.51 — 0.00219 - TCM + 12.2-UVR — 
0.373 - ponderal index (r° = 0.93) 


where UVR is umbilical vascular resistance 
(mm Hg/ml/min). Fetal body mass, which includes ax- 
ial growth as well as growth of other fetal tissues, was 
not a significant predictor of S/D ratio. Addition of the 
ponderal index term, which normalizes fetal body mass 
for axial growth, improved the prediction of S/D ratio 
obtained with only total cotyledonary mass and umbil- 
ical blood flow (7? increases from 0.78 to 0.94). 


Comment. 


In this investigation we sought to determine if the 
progressive decrease in the magnitude of standard ve- 
locity waveform indices is related to a progressive in- 
crease in fetal umbilical blood flow by direct measure- ` 
ment of umbilical blood flow in the chronically in- 
strumented ovine fetus. The study allows accurate 
measurement of fetoplacental blood flow and umbil- 
ical vascular resistance at the same time that blood 
flow waveforms are determined. In this investigation, 
we performed waveform analysis on umbilical blood 
flow recordings obtained from implanted transit-time 
Doppler flow probes rather than velocity measurements 
obtained externally by continuous-wave Doppler ul- 
trasonography. Therefore we sought to determine if 
the waveforms we recorded from sheep convey the 
same information as waveforms obtained externally in 
humans. 

We computed all three waveform indices and found 
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that all three correlate very highly. with each other 
(r = 0.90 to 0.98). This high correlation has been re- . 


ported previously for externally measured velocity 
waveforms. The reason for the correlation between 


; S/D ratio and RI is straightforward. There is an exact’ 


relationship between S/D ratio and RI in that S/D 
ratio = (1 — RI)’. The correlation is not unity be- 
cause RI decreases linearly with gestation, whereas the 


relationship between S/D ratio and gestation is hyper- 


bolic.> The explanation for the correlation between PI 
and S/D ratio is not as obvious. There is no exact re- 


lation between PI and S/D ratio because this relation- + ` 
ship is dependent on the shape of the velocity wave- ` 


form, but ‘it can be estimated. For our data, mean um- 
bilical blood flow can be estimated within a 5% error 
as (systolic + diastolic)/2. The least squares fit between 
PI and S/D ratio for our data is: 


PI = 2.04 + (1 + S/D ratio~')-' — (1 + S/D ratio)-" 


The correlations between PI and S/D ratio and PI and 
RI are nearly as great as that between S/D ratio and 


RI. Therefore it appears that all three indices measure ' 


the same phenomenon. 

The magnitudes of the waveforms that we obtained 
are similar to those recorded in humans, and the 
waveforms decrease with gestation at a rate similar 
to that reported for human fetuses. Although hu- 
man gestation is approximately twice the duration 
of that of the sheep, the rate of change of RI in 
the present investigation was similar to that reported 
- for human umbilical arteries. In late gestation, our 


data produce the following equation: RI = 0.874 — ` 


0.0143 - gestation (weeks). This compares with linear 
equations we derived from the data of other investi- 
gators obtained from human patients: RI = 0.908 — 
0.0086 + gestation (weeks),' RI = 0.947 — 0.0109: 
gestation (weeks), and RI = 0.998 —-0.0119 -.ges- 
tation (weeks).* We have presented data from sheep 
beginning with 109 to 115 days of gestation. This is 
approximately equivalent to 31 to 33 weeks of human 


gestation. Because of the fetal operation involved, we - 


could not determine.waveform indices before this time; 
therefore we cannot determine if waveform indices also 
decrease linearly before 110 days of gestation in sheep. 
On the basis of similarities between our data and those 
obtained in human. fetuses, it appears that waveform 
indices based on direct measurements of systolic, dia- 
stolic, and mean blood flow of the common umbilical 


artery measure the same phenomenon as waveform: 


indices based on external Doppler ultrasound velocity 
measurements of the umbilical artery. - 

Another concern is that, the fetus was disturbed by 
placing the transit-time flow probe on the common um- 
bilical artery. We assessed the impact of fetal operation 
by comparing fetal growth between these fetuses and 
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noninstrumented control fetuses. No effect of opera- 
tion on fetal development was apparent because fetal 


` body mass, ponderal index, and total cotyledonary mass 


did not differ between instrumented and noninstru- 
mented control fetuses. 

Throughout a normal pregnancy, there is a pro- 
gressive increase in end-diastolic velocity in the umbil- 


` ical circulation? that results in a decrease in the com- 


puted values of the three waveform indices. This in- 
crease in diastolic velocity in relation to peak systolic 


. velocity is often attributed to progressively greater vas- 


cularization and diminishing vascular resistance in the 
fetoplacental circulation.? Support for this hypothesis 
cémes from pathologic correlations. Giles et al.’ re- 
ported that abnormal waveforms occur in association 
with sclerosis and obliteration of tertiary villus arteri- 
oles, and McCowan et al.® found a significant negative 
correlation (r = —0.71) between PI and the number 
of small arterioles observed in the fetoplacental circu- 
lation. f 

One explanation for the apparent correlation be- 
tween waveform indices and vascular resistance is that 
the value obtained for diastolic flow is influenced by 


- wave reflection from downstream. Wave reflection has 


the effect of decreasing the minimum value of the ve- 


~ locity, waveform (diastolic velocity). As downstream re- 


sistance decreases with gestation, the amount of wave 


` reflection decreases with the result that the sum of re- 


flected and incident waves increases, thereby increasing 
the magnitude of the minimum value of the velocity 
waveform. Downstream resistance is reduced as the 
number of downstream vessels increases, with the result 
that both downsteam vascular resistance and the wave- 
form indices decrease with increasing gestation. There- 
fore the correlation between vascular resistance and 
waveform indices may be caused, in large part, by the 
increasing size of the fetoplacental vascular bed with 
gestation rather than a direct effect of vascular resis- 
tance on waveform indices. 


_ Support for this contention comes from the study by 
Trudinger et al.? in which the ovine fetoplacental cir- 
culation was embolized daily with 15 pm microspheres. 
Embolization increased both umbilical vascular resis- 
tance and S/D ratio. However, a change in S/D ratio 
was observable after only 4 days of embolization, 
whereas umbilical vascular resistance was not signifi- 


` cantly different until 9 days of embolization. 


Several factors may determine the size of the feto- 
placental vascular bed. One factor is the placental mass. 
Although total cotyledonary mass does not appear to 
increase during the last third of pregnancy in the 
sheep," " there is an increase in fetal endothelial 
nuclei’! and an increase in urea permeability of the 
placenta over this period that suggest an increase in 


the size of the fetoplacental vascular bed in spite of a 


+ 
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lack of increase in placental mass. Although there may 
be factors that influence how much the fetoplacental 


circulation continues to develop, placental size may ul- - 


timately determine the size of the fetoplacental vascular 
bed. Kulhanek et al. demonstrated that among fetuses 
of the same age, urea permeability was directly related 
to placental size. Our data show a high correlation be- 
tween total cotyledonary mass and S/D ratio during the 
final week of gestation (r = —0. 69). Another factor 
that may determine the size of the fetoplacental vas- 
cular bed is fetal size. Ponderal index, a ratio of body 
mass to length, when combined with total cotyledonary 
mass and umbilical blood flow, was a good predictor of 
S/D ratio during the final week of gestation. Ponderal 
index is an index of soft tissue growth, whereas fetal 
mass takes into account both axial and soft tissue 
growth..A more well-developed fetoplacental circula- 
tion would be expected to be associated with greater 
fetal soft tissue growth. In addition, umbilical blood 
flow, which should be related to the size of the feto- 
placental vascular bed, was also significantly correlated 
with S/D ratio. In combination, these factors point to 
the development of the fetoplacental vascular bed as 
the major determinant of blood flow waveforms. 

These relationships suggest that the clinical useful- 
ness of waveform analysis may lie in its ability to detect 
abnormalities in the size or function of the fetoplacental 
vascular bed, rather than strictly changes in umbilical 
blood flow. In cases of fetal compromise, there can be 
a redistribution of fetal cardiac output toward the 
heart, brain, and placenta, accompanied by vasocon- 
striction elsewhere.!* 3 This compensation may delay 
detection of fetal compromise with other means of non- 
invasive assessment of fetal well- -being. If fetal com- 
promise is a result of failure of the fetoplacental cir- 
culation to develop normally, waveform indices may 
become abnormal before cardiac output falls,' or heart 
rate becomes abnormal.* "í 

Correlation coefficients were not as high between 
gestation and waveform indices as we had expected. 
One reason may be the relatively short period of time 
over which we computed waveform indices and the 
relatively few animals used in this investigation. An- 
other reason may be a complex interaction between 


heart rate and waveform indices in the ovine fetus. 


Theoretically, heart rate and values for waveform in- 
dices should be inversely related. At higher heart rates, 
there is less time for blood to decelerate during diastole. 
This effect should decrease the value obtained for 
waveform indices. However, no relationship between 
héart rate and waveform indices has been adequately 
demonstrated when heart rate varies within the normal 
range of 120 to 160 beats/min for human fetal heart 
rate. When fetal heart rate is increased above 160 
beats/ min, waveform indices have been shown to de- 
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crease roughly in proportion to the increase in fetal 


heart rate. '© In our data we also found that the cor- 
relation between fetal heart rate and waveform indices 
was dependent on the magnitude of fetal heart rate. 
Consistent with human studies, we found a correlation 
only when heart rates above 170 beats/min were con- 
sidered (r = —0.37 to —0.51). The mean heart rate 
for ovine fetuses in the present investigation did not 
become less than 160 beats/min until day 126 to 130. 
Therefore, throughout part of this period from 109 to 
115 days to term, the effect of declining fetal heart rate 
partially offsets the effects that tend to decrease wave- 
form indices with gestation. aoe 

In summary, the properties of umbilical blood flow 
waveforms obtained from transit-time Doppler flow 
probes placed on the ovine fetal common umbilical ar- 
tery appear to have the same characteristics as velocity 
waveforms obtained from external continuous-wave 
doppler velocity measurements of umbilical arteries of 
human fetuses. Although the magnitudes of waveform 
indices are related to umbilical blood flow, it appears 
that this relationship may be more complex. Waveform 
indices do not appear to simply reflect the magnitude 
of umbilical blood flow, but they may be useful in de- 
termining whether the umbilical vascular bed is devel- 
oping normally. l 
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preparing this manuscript. 
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Placental transfer of indomethacin in the human pregnancy 


Kenneth J. Moise, Jr., MD, Ching-Nan Ou, PhD, Brian Kirshon, MD, 
Lorraine E. Cano, RN, BSN, Cheryl Rognerud, MT(ASCP), MS, and 


Robert J. Carpenter, Jr., MD 
Houston, Texas 


Little is known about the placental transfer of indomethacin in the human pregnancy. Twenty-six pregnant 
patients (gestational age, 29.4 + 0.5 weeks) were given a 50 mg oral dose of indomethacin 6.08 + 0.07 
hours before 42 cordocenteses undertaken for standard indications. Maternal serum, fetal serum, and 
amniotic fluid levels were measured at the time of each procedure. Maternal indomethacin levels were not 
significantly different from corresponding fetal levels (218 + 21 vs 219 + 13 ng/ml). The maternal/fetal 
serum ratio (0.97 + 0.07) was not found to vary with gestational age (R = —0.07, p = 0.66). Fetal serum 
levels were significantly higher than corresponding amniotic fluid levels (219 + 16 vs. 21 + 2 ng/ml; 

p < 0.001). The fetal/amniotic fluid ratio (10.0 + 1.2) did not vary with gestational age (R = 0.33, 

p = 0.11). Indomethacin crosses the human placenta easily throughout gestation; only small amounts of 
the unchanged drug are found in the amniotic fluid. (Am J OssteT GYNECOL 1990;162:549-54.) 


Key words: Indomethacin, human placental transfer, premature labor, fetal ductus 


arteriosus 


Indomethacin has been reported to be an effective 
agent in the treatment of premature labor.' Con- 
cern with regard to premature closure of the fetal duc- 
tus arteriosus has led several authors to recommend 
that indomethacin not be used after 34 weeks of ges- 
tation.” * This guideline has been based on case reports 
of neonatal persistent fetal circulation that is thought 
to be related to in utero constriction of the ductus ar- 
teriosus as a result of fetal indomethacin exposure. The 
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common denominator in these cases appears to be long- 
term maternal indomethacin administration after 34 
weeks’ gestation.* Dudley and Hardie? have proposed 
that the lack of reported neonatal complications in in- 
fants whose mothers received indomethacin before 34 
weeks’ gestation may be related to poor placental trans- 
fer of this drug in the preterm gestation. Although 
placental transfer data in the rat support this theory,’ 
recent human study has documented constriction of 
the fetal ductus arteriosus by echocardiography as early 
as 26.5 weeks’ gestation when indomethacin was used 
in the treatment of premature labor.® 

Because information with regard to the placental 
transfer of indomethacin in the preterm human ges- 
tation is notably lacking in the literature, we investi- 
gated the placental permeability of indomethacin at the 
time of percutaneous umbilical cord punciure (cor- 
docentesis). 
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GESTATIONAL AGE (WEEKS) 


Fig. 1. Maternal serum indomethacin levels versus gestational age (+2 SEM). A, 23 to 25 weeks’ 
gestation (n = 4); B, 25 to 26 weeks (n = 3); C, 26 to 27 weeks (n = 2); D, 27 to 28 weeks (n = 6); 
E, 28 to 29 weeks (n = 3); F, 29 to 30 weeks (n = 6); G, 30 to 31 weeks (n = 4); H, 31 to 32 weeks 
(n = 2); I, 32 to 33 weeks (n = 6); J, 33 to 35 weeks (n = 3); K, 35 to 37 weeks (n = 3). 


Material and methods 


The study was approved by the human investiga- 
tional review boards of Baylor College of Medicine and 
St. Luke’s Episcopal Hospital. Approval was based on 
the known tocolytic potential of indomethacin and our 
previous experience with premature contractions after 
prolonged cordocentesis for intravascular transfusions. 
Information with regard to the association between in- 
domethacin and constriction of the fetal ductus arte- 
riosus was given to all patients. Patients were informed 
that studies at our institution have indicated that this 
effect is transient with rapid resolution of ductal con- 
striction after discontinuation of the prostaglandin in- 
hibitor.® 

Patients whose fetuses were scheduled to undergo 
cordocentesis for diagnostic or therapeutic indications 
were offered enrollment in the study. In cases of red 
blood cell alloimmunization, patients were not included 
in the protocol until the second intrauterine transfusion 
because it was thought that severe fetal anemia was a 
contraindication to the use of indomethacin. Serial in- 
travascular intrauterine transfusions in the treatment 
of these fetuses provided the opportunity to study the 
same fetus at varying gestational ages. A total of 26 
fetuses were sampled on 42 occasions (four fetuses were 
sampled three times, eight fetuses were sampled twice, 
and 14 fetuses were sampled once). The gestational age 
at the time of cordocentesis ranged from 23.6 to 36.6 
weeks (mean + SEM, 29.4 + 0.5 weeks). If red blood 
cell allotmmunization was the indication for umbilical 
cord puncture, only those fetuses with a hematocrit of 
30% or greater and no ultrasonographic evidence of 


hydrops were included in the final analysis (n = 37). 
These criteria were established to ensure that the trans- 
placental passage of indomethacin would not be altered 
by hydropic placental villi. Cases of red blood cell al- 
loimmunization in which fetal blood typing was done 
in conjunction with heterozygous paternal testing were 
included if the involved antigen was absent on the fetal 
red cells (n = 4). In one case, percutaneous umbilical 
blood sampling performed for karotype analysis re- 
vealed normal chromosomes. 

After giving informed consent, the patient was in- 
structed to take a 50 mg oral indomethacin capsule 


. approximately 5 hours before the scheduled proce- 


dure. She was also asked to record the exact time of 
capsule ingestion. At cordocentesis, a 2 ml sample of 
fetal blood was removed and placed in a blood collec- 
tion tube without anticoagulant. The time of cordo- 
centesis was accurately recorded. In 25 cases, a sample 
of amniotic fluid was also obtained before puncture of 
the umbilical cord. A maternal venous sample was 
drawn either just before or immediately after comple- 
tion of the percutaneous umbilical blood sampling and 
was placed in a blood collection tube without antico- 
agulant. The fetal, maternal, and amniotic fluid sam- 
ples were centrifuged, then the supernate was decanted 
and frozen at — 70° F. 

To minimize laboratory variation, the three samples 


‘from each procedure were analyzed simultaneously 


with the same laboratory controls. Indomethacin levels 
were determined by high-performance liquid chro- 
matography.” Indomethacin metabolites in serum and 
amniotic fluid were not analyzed. 
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Fig. 2. Fetal serum indomethacin levels versus gestational age (+2 SEM). Scale for gestational age 


on the x axis is equivalent to that used in Fig. 1. 
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Fig. 3. Maternal/fetal indomethacin ratio versus gestational age (+ 2 SEM). Scale for gestational age 


on the x axis is equivalent to that used in Fig. 1. 


A two-tailed paired ¢ test was used to compare ma- 
ternal and fetal indomethacin levels and to compare 
fetal and amniotic fluid levels. A maternal/fetal serum 
indomethacin ratio was calculated by dividing the ma- 
ternal serum level by the corresponding fetal serum 
level. A fetal/amniotic fluid indomethacin ratio was cal- 
culated by dividing the fetal serum level by the corre- 
sponding amniotic fluid level. A linear regression 
model was used to assess the relationship of these ratios 
to gestational age. A p value of <0.05 was considered 
significant for all statistical tests. 


Results 

The mean (+SEM) duration between maternal oral 
ingestion of indomethacin and cordocentesis was 
6.08 + 0.07 hours. The mean time (+SEM) between 
cordocentesis and obtaining the maternal sample was 
11.9 + 1.1 minutes. 

Maternal serum indomethacin levels ranged from 
42 to 690 ng/ml (mean + SEM, 218 + 21 ng/ml), 
whereas fetal levels ranged from 87 to 496 ng/ml 
(219 + 13 ng/ml). No statistically significant difference 
in the maternal-fetal value pairs was noted (p = 0.73). 
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Fig. 4. Fetal serum and amniotic fluid indomethacin levels versus gestational age (+2 SEM). 


The mean maternal/fetal ratio was 0.97 + 0.07. These 
three parameters are illustrated on the basis of gesta- 
tional age in Figs. 1 to 3. No relationship could be found 
between the ‘maternal/fetal indomethacin ratio and 
gestational age (R = — 0.07, p = 0.66). 

Both a fetal serum and amniotic fluid indomethacin 
level could be obtained on 25 occasions. The mean fetal 
serum level was 219 + 16 ng/ml, whereas the mean 


amniotic fluid level was 21 + 2 ng/ml. The differ-. 


ence between these two values was highly significant 
(p < 0.001). The resulting fetal/amniotic fluid ratio was 
10.0 + 1.2. These three parameters are illustrated ac- 
cording to gestational age in Figs. 4 and 5. No rela- 
tionship could be found between the fetal/amniotic 
fluid ratio and gestational age (R = 0.33, p = 0.11). 


Comment 


Although indomethacin has been used as an effective 
tocolytic agent, much of the concern with regard to use 
of this drug is related to its potential to cause adverse 
fetal effects. Klein et al.* administered radiolabeled in- 
domethacin to pregnant rats by gastric intubation. At 
11 to 12 days of gestation the maternal plasma levels 
were 37- to 66-fold higher than the fetal levels, whereas 
at 21 days of gestation (near term), the maternal levels 
were threefold to fourfold higher than the fetal levels. 
In another study, 10 mg/kg of indomethacin was ad- 
ministered to pregnant rats and maternal and fetal 
levels were measured 8 hours later.* The maternal/fetal 
ratio was noted to progressively decrease with advanc- 
ing gestational age with a value of 5.0 on day 19, 3.5 
on day 20, and 2.8 on day 21. 

Parks et al.® studied the transplacental passage of 
indomethacin in pregnant rabbits. Indomethacin ap- 
peared in the fetal circulation within 15 minutes of 
maternal administration. Although fetal levels re- 


mained below maternal levels during the study period 
(120 minutes), the authors noted a trend toward equil- 
ibration across the placenta. In addition, amniotic fluid 
indomethacin levels were greater than the correspond- 
ing fetal levels at 60 minutes but rapidly fell below the 
fetal serum levels by 2 hours. In the only human study, 
Traeger et al.” administered 2 mg/kg of oral indo- 
methacin to parturient patients and noted that the ma- 
ternal serum level was equal to the umbilical cord level 
after 5 hours. 

In this study we elected to study the maternal/fetal 
indomethacin gradient 5 to 6 hours after oral maternal 
administration. This was based on the work of Traeger 
etal.” that indicated that equilibration of the maternal 
and fetal indomethacin levels occurred in the term ges- 
tation after this time interval. Although maternal levels 
were consistently slightly higher than the correspond- 
ing fetal levels, the maternal/fetal ratio approached 
unity throughout the gestational ages studied (23.6 to 
36.6 weeks). These data are in direct conflict with pre- 
viously reported animal data. It appears that the pla- 
centa is readily permeable to indomethacin even early 
in gestation in humans. 

Amniotic fluid indomethacin levels were noted to 
be markedly reduced compared with fetal serum levels 
in the current investigation. These results are sur- 
prising in view of the fact that fetal urine production 
is the primary source of amniotic fluid in the second 
and third trimester. In adults, only about 12% of an 
oral dose of indomethacin is excreted in the urine un- 
changed." The parent compound is noted to undergo 
extensive hepatic biodegradation by O-demethylation 
and N-deacylation to form desmethylindomethacin, 
deschlorbenzoylindomethacin, and desmethyldeschlo- 
robenzoylindomethacin.'! The majority of the ingested 
indomethacin dose is excreted in the urine as the con- 
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Fig. 5. Fetal/amniotic fluid ratio versus gestational age (+2 SEM). 


jugated and unconjugated forms of these metabolites." 
In vitro studies in rabbits have revealed decreased 
deacylation and O-demethylation of indomethacin in 
the fetus compared with the neonate.” Such impaired 
metabolism may account for the prolonged half-life of 
indomethacin in the human neonate compared with 
the adult." It would therefore appear that the majority 
of the indomethacin in the fetus as a result of trans- 
placental passage should have been excreted into the 
amniotic cavity as the unmetabolized parent com- 
pound. A more plausible explanation for our finding 
of higher fetal serum indomethacin levels compared 
with amniotic fluid levels is an alteration in urine pro- 
duction as a result of the effect of this drug on the fetal 
kidney. Kirshon et al.'shave demonstrated that the ma- 
ternal administration of indomethacin for the treat- 
ment of premature labor causes a marked decline in 
fetal urine output by 5 hours. Oliguria in the fetus 
would markedly decrease the excretion of indometh- 
acin into the amniotic fluid. This theory is substantiated 


by the findings in the animal study of Parks et al.° Soon ` 


after maternal indomethacin ingestion, amniotic fluid 
levels were higher than fetal serum levels, but by 2 
hours these findings had reversed. With a decline of 
fetal urine production, a rise in the fetal serum level 
would be expected as the route of excretion is com- 
promised. In addition, because fetal urine would be the 
source of indomethacin in the amniotic cavity, the levels 
in the amniotic fluid would be expected to decline. We 
measured amniotic fluid levels at approximately 6 
hours after maternal indomethacin ingestion, a time 
when a decreased fetal urine output would be present 
as described by Kirshon et al." 

Indomethacin gains access to the fetal circulation 
throughout the human gestation. Only small amounts 


of the drug are excreted unchanged into the amniotic 
fluid. The recommendation that indomethacin can be 
used before 34 weeks of gestation because of the pro- 
tective effect of poor placental permeability was not 
substantiated by this study. Animal models have dem- 
onstrated that the very preterm fetal ductus arteriosus 
is less sensitive to the constrictive effects of prostaglan- 
din synthetase inhibitors compared with the ductus of 
the near-term fetus. Whether the human fetal ductus 
arteriosus exhibits a similar response awaits further 
study. 
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Transcapillary fluid dynamics during ovarian stimulation for 


in vitro fertilization 


Anne Tollan, MD, Nicolai Holst, MD,* Finn Forsdahl, MD, 
Hans Olav Fadnes, MD, PhD,” Pal Øian, MD, PhD, and Jan M. Maltau, MD, PhD" 


Troms¢, Norway 


Transcapillary fluid dynamics were studied in 10 women during ovarian stimulation for in vitro fertilization. 
The examinations were done on the first day of stimulation (day 3 of the menstrual cycle, mean serum 
estradiol | concentration 0.2 nmol/L), and the day before oocyte aspiration (day 10 to 12, mean serum 
estradiol concentration 6.8 nmol/L). Interstitial colloid osmotic pressure was measured on the thorax at 
heart level by the “wick” method, and interstitial hydrostatic pressure by the “wick-in-needle” method. 
Plasma colloid osmotic pressure decreased (mean, 2.0 mm Hg; p < 0.002) and interstitial colloid osmotic 
pressure increased (mean, 1.0 mm Hg; p < 0.02) during hormonal stimulation. This implies a reduced 
transcapillary colloid osmotic gradient (plasma colloid osmotic pressure — interstitial colloid osmotic 
pressure), probably because of increased capillary permeability to plasma proteins. Hemoglobin and 
hematocrit were significantly reduced, and body weight and foot volume significantly increased. These 
results demonstrate that during ovarian stimulation there are both water retention and augmented filtration 
of fluid from the vascular to the interstitial compartment. This may be of significance for the 
pathophysiologic condition in the ovarian hyperstimulation syndrome. (Am J OBSTET GYNECOL 


1990;162:554-8.) 


Key words: Fluid dynamics, in vitro fertilization, hyperstimulation syndrome, estrogens 


During ovarian stimulation for in vitro fertilization 
serum estradiol levels exceed normal preovulatory val- 
ues, and mastalgia, bloating, tiredness, swelling, and, 
more seldomly, edema are common complaints.' These 
symptoms may indicate changes in body water regu- 
lation. 

The ovarian hyperstimulation syndrome is a rare but 
serious complication to ovarian stimulation. In the most 
severe form this syndrome is characterized by massive 
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cystic enlargement of the ovaries, edema, ascites, pleu- 
ral effusion, hemoconcentration, and electrolyte im- 
balance." * In a less severe form only enlargement of 
the ovaries and fluid retention occurs.’ *? Estrogen 
levels are found to be substantially elevated in these 
patients.'* 

It is well known that estrogens in physiologic con- 
centrations cause a slight sodium and water retention." 
Estrogens are also known to reduce the total peripheral 
resistance.” ê An excessive estrogen level has been 
shown to increase the capillary permeability to plasma 
proteins in rats and this effect has been suggested as 
the main cause of the body fluid shift in severe ovarian 
hyperstimulation syndrome.’ * : 

Fluid exchange (F) across the capillary wall is regu- 
lated by the Starling forces, and can be described by 
the Starling equation’: 

F = CFC < (Pe — Pi) — o(COPp — COPi) > 
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Table I. Changes in sex hormone concentrations, weight, hemoglobin, hematocrit, and foot volume in 10 
women during ovarian stimulation for in vitro fertilization 













Group mean values 


Individual differences 
before and after stimulaton 


















Before After 
stimulation stimulation Significance 

Estradiol (nmol/L) 0.2 . 6.8 6.6 3.81 p = 0.0004 
Progesterone (nmol/L) 1.7 8.2 6.5 8.12 p = 0.027 
Weight (kg) 61.3 62.1 0.8 0.74 p = 0.610 
Hemoglobin (gm/dl) 13.4 12.8 — 0.6 0.78 p = 0.030 
Hematocrit (%) 39.5 37.3 —2.2 2.62 p = 0.026 
Volumetry (ml) ` 

Right foot 1201 1256 55.5 77.33 = 0.026 

Left foot 1170 1236 56.0 71.91 p= 





where CFC, the capillary filtration coefficient, repre- 
sents the volume of net filtrate formed in 100 gm of 
tissue per minute for each millimeter of mercury rise 
in net transcapillary filtration pressure. Pc and Pi are 
the hydrostatic pressures in the capillaries and inter- 
stitium, respectively; o is the reflection coefficient for 
plasma proteins. In subcutaneous tissue o is between 
0.9 and 1.0, indicating that the capillaries in this vas- 
cular bed are not completely impermeable to plasma 
proteins.!° COPp is the plasma colloid osmotic pressure 
and COP? is interstitial colloid osmotic pressure. 

The “wick” method" and the “wick-in-needle” 
method” have made it feasible to measure interstitial 
colloid osmotic pressure and interstitial hydrostatic 
pressure, respectively under clinical conditions associ- 
ated with disturbed fluid balance.'* '* In these studies 
it has been shown that measurements of the tissue 
forces of interstitial hydrostatic pressure and interstitial 
colloid osmotic pressure are essential to understand 
transcapillary fluid dynamics. In normal pregnant 
women" and in patients with the nephrotic syn- 
drome, reduced plasma colloid osmotic pressure is 
compensated for by a reduction in interstitial colloid 
osmotic pressure, serving both as an important edema- 
preventing and plasma volume—preserving factor. In 
other conditions, for example severe preeclampsia, this 
mechanism fails and can explain why many of these 
patients have edema and reduced plasma volume.” 

In a previous study we found that transcapillary fluid 
balance changed from the follicular to the lutea] phase 


in normal menstrual cycles.'* A significant reduction in > 


both plasma colloid osmotic pressure and interstitial 
colloid osmotic pressure as well as a slight weight gain 
from follicular to luteal phase was observed. 

This study describes effects of supraphysiologic con- 
centrations of endogenous estrogens on the trans- 
capillary fluid dynamics in women who undergo ovar- 
ian stimulation with human menopausal gonadotro- 
pin (Humegon, Organon, Oss, The Netherlands) for 
in vitro fertilization. 


Material and methods 


Ten women, 25 to 35 years old, who had been ac- 
cepted for in vitro fertilization because of tubal damage, 
volunteered for the study after informed consent had 
been obtained. Protocol was approved by the human 
research ethics committee. None of the patients had a 
history of hypertension, endocrine dysfunction, or re- 
nal disease, and all had regular menstrual cycles. 
The women received 150 IU human menopausal go- 
nadotropin from day 3 of the menstrual cycle until 
appropriate response, evaluated by daily serum estra- 
diol measurements and ultrasonographic examina- 
tions. Ovulation was induced by an injection of 9000 
IU of human chorionic gonadotropin (Physex, Leo, 
Copenhagen), and oocyte aspiration was performed ap- 
proximately 35 hours later. 

The examinations were done before the first human 
menopausal gonadotropin injection (day 3 of the men- 
strual cycle), and the day after ovulation induction with 
human chorionic gonadotropin (cycle day 10 to 12), on 
both occasions between 12 noon and 2 pM, with the 
patient in the supine position. Blood samples were 
drawn from an antecubital vein without stasis. Hemo- 
globin concentration and hematocrit were measured 
by a Coulter Counter analyzer (Coulter Electronics, 
Hialeah, Fl.). Plasma estradiol and progesterone con- 
centrations were determined by radioimmunoassay 
methods. Weight was recorded on the same scale with 
the patient wearing standard clothing. Foot volume was 
measured by foot volumetry.”’ Each foot was placed in 
a separate steel chamber filled with temperate water 
and the spillover was measured. 

Interstitial colloid osmotic pressure was determined 
as described by Noddeland'' and Øian et al.* Six 
nylon wicks were sewn subcutaneously on the side of 
the thorax at heart level. The length of the wicks was 
50 to 60 mm. The skin was anesthetized with 0.1 ml of 
lidocaine (20 mg/ml, without epinephrine). After 1 
hour the wicks were removed and the wick fluid was 
isolated by centrifugation in mineral oil. The colloid 
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Table II. Changes in plasma colloid osmotic pressures, interstitial colloid osmotic pressure on thorax, 
transcapillary colloid osmotic gradient, and interstitial hydrostatic pressure on thorax in mm Mg 4 in 10 
women during ovarian stimulation for in vitro fertilization 
















Individual differences 


Group mean values before and after stimulation 
















Before 
stimulation 


After 


stimulation Significance 


COPp 27.3 25.3 -2.0 1.9 p = 0.002 
COPi 13.6 14.6 1.0 2.0 p = 0.02* 
COPp — COPi 13.6 10.6 -3.0 3.1 p = 0.025 
Pi —3.0 2.5 0.5 2.4 NS 





COP, Plasma colloid osmotic pressure; COPi, interstitial colloid osmotic pressure; COPp = COPi, transcapillary colloid osmotic 


gradient; Pi, interstitial hydrostatic pressure. 


*Analysis of variance showed significant interaction for the change during stimulation between persons. 


osmotic pressure was measured by an osmometer de- 
signed for small fluid samples (5 wl) with a membrane 
impermeable to proteins with molecular weights above 
30,000 daltons. 

Plasma colloid osmotic pressure was determined by 
the same colloid osmometer. 

Interstitial fluid hydrostatic pressure was measured 
by the wick-in-needle technique described by Fadnes 
et al.” and Øian et al.'* A sterile cannula with an 
outer diameter of 0.6 mm was filled with loose bundles 
of nylon filaments. The cannula was provided with a 
4 mm long side hole 5 mm from the tip, and connected 
to the pressure transducer by a tube filled with physi- 
ologic saline solution. After calibration the needle was 
inserted subcutaneously at the level of the implanted 
wicks, and the hydrostatic pressure was recorded. 

Daily individual ratings of tiredness, mastalgia, feel- 
ing of swelling, edema, and discomfort in the pelvic 
region were performed late in the evening by each 
woman on a visual analog scale from 0 to 10. l 

Statistical methods. Differences in single measure- 
ment variables during the stimulation period were eval- 
uated by paired ¢ test and the replicated measurements 
of plasma and interstitial colloid osmotic pressures were 
made by analysis of variance. Values of p < 0.05 were 
considered significant. 


Results 


During ovarian stimulation the mean serum level of 
estradiol increased from 0.2 to 6.8 nmol/L. Serum pro- 
gesterone concentrations increased from 1.7 to 8.2 
nmol/L (Table I). 

Eight women gained weight, one remained un- 
changed, and one lost weight. The average weight gain 
for the whole group was 0.8 kg (p < 0.01). Foot volume 
increased, and hemoglobin and hematocrit decreased 
significantly during stimulation (Table I). 

Changes in colloid osmotic and hydrostatic pressures 
are presented in Table II. During ovarian stimulation 


plasma colloid osmotic pressure decreased 2.0 mm Hg, 
whereas interstitial colloid osmotic pressure increased 
1.0 mm Hg. Both changes were statistically significant. 
There was a significant interaction (p = 0.01) for in- 
terstitial colloid osmotic pressure indicating that the 
increase is inconsistent. The colloid osmotic gradient 
(plasma colloid osmotic pressure — interstitial colloid 
osmotic pressure) across the capillary wall was signifi- 
cantly and consistently reduced. Individual changes 
in colloid osmotic gradient (plasma colloid osmotic 
pressure — interstitial colloid osmotic pressure) during 
stimulation are presented in Fig. 1. The colloid osmotic 
measurements were unsuccessful in one woman after 
ovulation induction because of technical problems with 
the transducer. The increase in interstitial hydrostatic 
pressure was not significant. 

The daily ratings demonstrated only modest discom- 
fort during the stimulation period. None of the women 
developed ovarian hyperstimulation syndrome after 
ovulation induction. 


Comment 


Ovarian stimulation for in vitro fertilization is char- 
acterized by substantially increased serum levels of es- 
tradiol compared with the natural menstrual cycle. In 
this study we found significant effects on the transcap- 
lary fluid balance during this treatment. These effects 
differ from those observed during normal menstrual 
cycles™ and are most likely caused by the high estradiol 
concentrations: However, other hormones that may in- 
fluence fluid balance during ovarian stimulation cannot 
be excluded. Thus prolactin has been shown to increase 
significantly during this treatment," and prolactin may 
have a role in the water and electrolyte balance.'* 

The significant reduction in plasma colloid osmotic 
pressure, hemoglobin, and hematocrit may well be ex- 
plained by simple dilution, indicating that estrogens are 
responsible for renal fluid retention and a rise in plasma 
volume. According to the Starling equation, a reduction 


Volume 162 
Number 2 


in plasma colloid osmotic pressure will result in a rise 
in net filtration pressure with loss of fluid from the 
vascular to the interstitial compartment, if not com- 
pensated for by a reduction in interstitial colloid os- 
motic pressure. Such a compensatory reduction of in- 
terstitial colloid osmotic pressure is included in the 
physiologic adjustments that take place during normal 
menstrual cycles, from follicular to luteal phase,’® in 
normal pregnancy, from first to third trimester,” and 
in the nephrotic syndrome," and the colloid osmotic 
gradient (plasma colloid osmotic pressure — interstitial 
colloid osmotic pressure) remains unchanged. The 
reduction in interstitial colloid osmotic pressure in 
these physiologic situations is an important edema- 
preventing factor, counteracting an increase in inter- 
stitial fluid volume and thereby maintaining plasma 
volume. 

During ovarian stimulation, however, a significant 
reduction in plasma colloid osmotic pressure was ob- 
served without any decrease in interstitial colloid os- 
motic pressure; in fact, a significant increase was ob- 


‘served. Consequently, the plasma-interstitial colloid. 


osmotic gradient is reduced, and this favors transport 
of fluid from the vascular compartment to the inter- 
stitium. On the side of the thorax, interstitial hydro- 
static pressure did not change significantly. This may 
be because of small changes in the interstitial fluid vol- 
ume in that area but also may reflect a high compliance 
in the subcutaneous tissue that permits large quantities 
of fluid to transude from the capillaries without any 
significant increase in interstitial hydrostatic pressure. 
However, there is indirect evidence of increased in- 
terstitial volume as demonstrated by the rise in foot 
volume and weight gain. This shows that the intersti- 
tial compensatory mechanisms are insufficient during 
ovarian stimulation. The objection may be made that 
interstitial colloid osmotic pressure and interstitial hy- 
drostatic pressure were measured on the thorax, 
whereas the change in interstitial fluid volume was dem- 
onstrated as a rise in foot volume. When transcapillary 
fluid balance is studied in man, variations in capillary 
pressure caused by orthostasis, which normally causes 
a lower interstitial colloid osmotic pressure at the ankle 
than on thorax,” must be considered. On the basis of 
measurements of interstitial colloid osmotic pressure” 
and protein concentration in lymph,” it takes more 
than 48 hours of bed rest to achieve steady-state inter- 
stitial colloid osmotic pressure in the lower limbs. 
Changes in the interstitial fluid caused by changes in 
body posture are avoided by measuring interstitial col- 
loid osmotic pressure and interstitial hydrostatic pres- 
sure on the thorax at heart level. Although the observed 
decrease in the transcapillary colloid osmotic pressure 
gradient on the thorax will favor net capillary filtration 
in this region, a rise in interstitial fluid volume will be 
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Fig. 1. Individual changes in colloid osmotic gradient (plasma 
colloid osmotic pressure — interstitial colloid osmotic pres- 
sure) in millimeters of mercury in nine women during ovarian 
stimulation. 


more marked in the lower limbs, where edema usually 
first appears in ambulatory patients, because of or- 
thostasis. 

Because interstitial colloid osmotic pressure and 
probably interstitial volume are increased the day after 


. ovulation induction, the interstitial protein mass must 


also be increased. This may be caused by one or more 
of the following factors: increased capillary perme- 
ability to plasma proteins, reduced lymph flow, or in- 
creased protein synthesis. In this study plasma volume 
was apparently increased. This suggests that either an 
increase in lymph flow, a decrease in capillary pressure, 
or both occurred to compensate for the decrease in the 
colloid osmotic plasma-interstitial gradient. Reductions 
in plasma colloid osmotic pressure and hypoprotein- 
emia, have been shown to be associated with increases 
in lymph flow.” An increase in capillary permeability 
and a decrease in the colloid osmotic gradient also 
would be expected to cause steady-state increase in both 
capillary filtration and lymph flow. The third factor, 
increased protein synthesis, would be expected to in- 
crease both plasma and interstitial colloid osmotic pres- 
sure unless capillary permeability was also increased. 
Because plasma colloid osmotic pressure was reduced 
and interstitial colloid osmotic pressure was increased, 
this supports increased capillary permeability. Thus in 
light of all the data presented, an increase in cap- 
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illary protein permeability is the most likely mechanism. 

In the ovarian hyperstimulation syndrome serum es- 
tradiol levels are usually higher than during ovarian 
stimulation for in vitro fertilization. It is therefore 
tempting to speculate whether the effects on transcap- 
illary fluid balance, demonstrated in this study, may be 
exaggerated in this syndrome. A further decrease in 
the transcapillary colloid osmotic gradient could lead 
to increased interstitial fluid volume (edema, pleural 
effusion, ascites) and hemoconcentration, all charac- 
teristic features of the ovarian hyperstimulation syn- 
drome. 

In conclusion, this study shows a reduction in 
the colloid osmotic gradient (plasma colloid osmotic 
pressure ~ interstitial colloid osmotic pressure) in 
women who have ovarian stimulation for in vitro fer- 
tilization. The most likely mechanism is increased cap- 
illary permeability to plasma proteins. According to the 
Starling equation, if these changes are not compensated 
for, they will result in increased interstitial fluid volume 
and possibly edema formation. This may be of signif- 
icance in the pathophysiologic features of the ovarian 
hyperstimulation syndrome. 
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Nuchal muscle activity at different levels of hypoxemia in 


fetal sheep 


Bouke R. Woudstra, MD, Jan G. Aarnoudse, MD, PhD, Ben T. H. M. de Wolf, and 


Willem G. Zijlstra, MD, PhD 
Groningen, The Netherlands 


The effects of hypoxemia on nuchal muscle activity, a parameter of gross body movements, were studied 
during 12 experiments in five chronically instrumented fetal lambs. Hypoxemia was accomplished by 
tracheal infusion of nitrogen and did not result in significant changes in fetal arterial pH and Pco,. Fetal 
arterial blood gases and pH were continuously measured with an extracorporeal flow-through cuvette. 
Nuchal muscle activity was measured by electromyography and was expressed as the percentage of time 
spent moving. A decrease in fetal arterial oxygen saturation to three fourths of the initial value for 2 hours 
was not associated with significant changes in nuchal muscle activity. When fetal arterial oxygen saturation 
was further reduced for 2 hours to one half, fetal nuchal muscle activity fell significantly from 

34.6% + 10.5% during normoxemia to 20.9% + 13.9% during hypoxemia. However, the most pronounced 
changes in fetal nuchal muscle activity occurred in the first 15 minutes after the changes in arterial oxygen 
saturation. A considerable transient increase in nuchal muscle activity was observed during the first 15 
minutes after recovery from hypoxemia. During hypoxemia there was a relative predominance of 
short-lasting (<3 minute) movements. (AM J OssteT GYNECOL 1990;162:559-64.) 


Key words: Hypoxia, fetal activity, fetal blood gas monitoring, fetal body movements, fetal 


sheep 


Experimental work in the fetal sheep has shown that 
fetal hypoxemia is associated with a decrease in fetal 
body movements.'’* However, in these studies the meth- 
ods used to produce fetal hypoxemia also resulted in 
fetal acidosis or hypercapnia. Moreover, the effects of 
duration and degree of hypoxemia on fetal movements 
are not well established. In the human fetus a decrease 
in body movements is found under conditions associ- 
ated with fetal hypoxemia.*'' However, isolated hy- 
poxemia is probably a rare condition in the human fetus 
and it could be possible that other conditions associated 
with hypoxemia are responsible for the observed re- 
duction in fetal body movements. 

Therefore, a study was undertaken to evaluate the 
changes in fetal nuchal muscle electromyogram, during 
mild and moderate hypoxemia in the near-term sheep 
fetus. Hypoxemia was brought about by tracheal nitro- 
gen infusion to the ewe.” Fetal arterial blood gases and 
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pH were continuously measured by means of an ex- 
tracorporeal flow-through cuvette as described else- 
where.” Electric activity of the nuchal muscles was used 
as an indicator of fetal postural activity.* '* Special em- 
phasis was given to the effects of acute alterations of 
carotid arterial oxygen saturation on the incidence of 
nuchal muscle activity. 


Material and methods 


Instrumentation. Five pregnant ewes (Texel breed) 
were instrumented between days 112 and 124. Food 
was withheld for 24 hours and water for 12 hours be- 
fore surgery. The sheep were anesthetized with keta- 
mine, halothane (Fluothane inhalation anesthetic) and 
nitrous oxide. Polyvinyl catheters were placed in the 
left femoral artery and vein of the ewe. A small cannula 
(outer diameter 5 mm) was placed in the maternal tra- 
chea by means of a tracheotomy, as described by Gleed 
et al.” The fetal head was delivered through a hyster- 
otomy and polyvinyl catheters (outer diameter 1.75 
mm, inner diameter 0.9 mm) were placed in the left 
carotid artery, the left jugular vein, and in the trachea. 
Care was taken to minimize fluid loss. Before closing 
the uterus the amniotic fluid was supplemented with 
warm isotonic saline solution. Two catheters were 
placed in the amniotic fluid: a water-filled balloon- 
tipped catheter to record intra-amniotic pressure and 
a catheter for daily administration of antibiotics. 
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Table I. Nuchal muscle activity, arterial blood gas values, and electrocortical activity before, during, and 


after hypoxemia in 12 experiments in five fetal lambs 














Time period (min) 













Control 





pH 7.36 + 0.06 
Paco, (mm Hg) 47.2 +6.0 
Pao, (mm Hg) 19.7 + 4.4 
Sao; (%) 55.7 + 6.5 
Nuchal muscle activity 34.6 + 10.5 
(% time) 
High voltaget (% time) 54.1 + 19.7 
State transitions (hour~!) 3.91.1. 
Low voltage with nuchal 11.5 9.5 
muscle activity} (% 
time) 
High voltage with nuchal 22.9 + 9.2 


muscle activity} (% 
time) 











120 to 240 240 to 360 
P3 P4 
Sao; one haif Recovery 





7.38 + 0.04 7.37 + 0.04 7.34 + 0.06 
45.5 + 6.9 45.54 8.1 49.6 + 8.0 
16.9 + 7.3* 11.7 49.4% 15.9 + 3.6% 
39.4 + 9.4% 31.1 + 6.9% 50.5 + 6.6* 
27.6 + 12.3 20.9 + 13.9+ 34.9 + 15.1 
45.6 + 13.4 54.0 + 10.1 55.6 + 11.9 
4641.3 5.62.1 5.3% 11+ 
7745.4 5443.8 11.2+ 4.0 
20.2 + 6.4 23.0 + 13.2 26.5 + 10.4 








Data are presented as mean + SD, 
*p < 0.01, compared with P1. 

tp < 0.05, compared with P1. 

tn = 6. 


Stainless steel wires (CD60201IKT7 x 0.044, Habia, 
Breda, The Netherlands) were sewn into the long nu- 
chal muscles of the fetus and in the myometrium of 
the ewe to record electromyographic activity. Electro- 
cortical activity was measured by stainless steel wires 
placed on the dura via.two holes drilled in the skull 
above the parietal cortex. All catheters and wires were 
exteriorized through the left flank of the ewe. 

Maintenance. The ewes were housed in individual 
cages with free access to water and food. Antibiotics 
(cefuroxime) were administered twice a day to ewe 
(1350 mg), fetus (75 mg), and amniotic fluid (75 mg) 
during the first 5 days after surgery. All intravascular 
catheters were continuously flushed with a heparin so- 
lution (10 IU/ml) at a rate of 0.5 ml/hour. Arterial 
blood samples (0.6 ml) were taken twice a day for blood 
gas analysis at 39.0° C (ABL2, Radiometer, Copen- 
hagen, Denmark), to monitor the fetal and maternal 
conditions. 

Experimental protocol. Twelve experiments were 
performed in five fetal lambs: three experiments were 
performed in two fetuses and two experiments were 
done in three fetuses. All experiments took place be- 
tween 123 and 138 days’ gestation at 6 to 26 days after 
surgery. All measurements were made between 11 AM 
and 8 pM. The experimental procedure consisted of 
four consecutive periods of 2 hours each: an initial 
control period (P1), two periods of hypoxemia (P2 and 
P3), and a recovery period (P4). During the first period 
of hypoxemia (P2), fetal arterial Sao, was lowered to 





approximately three fourths and during the second 
hypoxemic period (P3) to approximately one half of 
the Sao, level measured during the last 30 minutes of 
the first control period (P1). Fetal Sao, was lowered by 
means of decreasing maternal Sao, by administering 
nitrogen (at room temperature) into the maternal tra- 
chea at a flow rate sufficient to decrease the fetal Sao, 
to the desired level. 

Measurements. Fetal PaO», Pacos, SaO», and arterial 
pH were continuously measured in a small extracor- 
poreal flow-through cuvette. The cuvette was con- 
nected to the carotid artery and the jugular vein. Blood 
was withdrawn from the artery at a constant rate of 
2 ml/minute by a roller-pump through a heated 
(39.0° C) measuring chamber, provided with pH, Pcos, 
Po, and reference electrodes (AVL, Vienna, Austria) 
and a glass fiber probe for an oximeter (IVH3, Schwar- 
zer, Munich,.West Germany). Before the measurements 
the Po, and Pco, electrodes were calibrated with two 
gases (1: 90% nitrogen + 5% carbon dioxide + 5% 
oxygen and 2: 90% nitrogen + 10% carbon dioxide), 
the pH electrode was calibrated with two calibration 
buffer solutions at pH 6.841 and 7.383. The oximeter 
was calibrated in sheep blood with known oxygen 
levels, analyzed on aOSM2 hemoximeter (Radiometer). 
After these procedures the flow-through cuvette was 
disinfected with a 0.2% taurolidin in saline solution 
(Taurolin, Geistlich-Pharma, Wolhusen, Switzerland), 
flushed with 20 ml ofa 0.9% saline solution, and flushed 
with 5 ml fresh sheep plasma. Clotting was prevented 
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by coating the interior of the catheters and the flow- 
through cuvette with covalently bound heparin.? Hep- 
arin was given as a bolus of 1000 IU to the fetus just 
before the catheters were connected to the flow- 
through cuvette, and throughout the experiment at a 
rate of 500 IU/hour. 

Uterine electromyogram electrodes, nuchal electro- 
myogram electrodes, and cortical electrodes were con- 
nected to bioelectric amplifiers (8811A, Hewlett Pack- 
ard, Waltham, Mass.) and recorded on an eight-channel 
polygraph (7758B, Hewlett Packard). Fetal tracheal and 
intra-amniotic catheters were connected to pressure- 
transducers (1286, Hewlett Packard) and amplifiers 
(8805B, Hewlett Packard); these signals were also re- 
corded on the eight-channel polygraph. Fetal arterial 
pH, Paco, and Pao, signals were preamplified (PHM73, 
Radiometer) and together with the Sac, signal, fed into 
amplifiers (13-4615-00, Gould Inc., Cleveland, Ohio) 
and written on a second eight-channel strip-chart re- 
corder (8802, Gould). The signals of the fetal arterial 
pH, Paco», Paos, and Sao, were sampled on-line at 0.5 
Hz by a microcomputer (IIE, Apple Computer Inc., 
Cupertino, Calif.) and stored on floppy disk. 

All nuchal muscle electromyogram recordings were 
analyzed visually, noise levels were always <0.01 mV 
root mean square and the noise-signal threshold was 
two times the average noise level. Nuchal muscle activity 
was calculated by adding the periods in which. there 
was electromyographic activity, and expressed as a per- 
centage of the observation time. Periods of electro- 
myographic activity were considered separate after a 
pause of at least 60 seconds. 

Satisfactory electrocorticograms were obtained from 
six experiments in three fetuses (two experiments in 
each fetus). These experiments did not differ signifi- 
cantly from the other ones with respect to the gesta- 
tional age of the fetuses. i 

Statistical inference methods. All results are pre- 
sented as mean + SD unless stated otherwise, and sta- 
tistical significance was determined with the x’ test, the 
Wilcoxon signed-rank test, the Mann-Whitney U test, 
and multivariance analysis as appropriate. 


Results 

During the first period of 2 hours of hypoxemia (P2), 
the average fetal arterial Sao, and Pao, values + SD 
fell from 55.7% + 6.5% and 19.7 + 4.4 mm Hg to 
39.4% + 9.4% and 16.9 + 7.3 mm Hg, respectively. 
During this period fetal nuchal muscle activity de- 
creased from 34.6% + 10.5% to 27.6% + 12.3%, but 
the difference was not statistically significant. When 
fetal arterial Sao. and Pao, were further reduced 
for the next 2 hours (P3) to average values + SD 
of 31.1% + 6.2% and 11.7 + 2.4mm Hg, respectively, 
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Fig. 1. Fetal arterial saturation (Sa0») and nuchal muscle ac- 
tivity (NMA) during each stage of experiments. Mean + SEM 
are plotted for 12 experiments in five fetuses. Nuchal muscle 
activity is also plotted for the first 15 minutes during the hyp- 
oxemic stages (P2 and P3) and for the first 15 minutes of the 
last contròl period (P4). *p < 0.05; **p < 0.02, as compared 
with remaining 105 minutes of same stage. 


fetal nuchal muscle activity decreased to 20.9% + 
13.9%,which is significantly less than that in the control 
period before hypoxemia (P1). During hypoxemia 
there were no significant changes in fetal pH and 
Paco». Table I summarizes the fetal nuchal muscle ac- 
tivity and blood gas values before, during, and after 
hypoxemia. 

Because it seemed that nuchal muscle activity was 
especially influenced shortly after the induction of a 
change in oxygen saturation, we analyzed nuchal mus- 
cle activity in 15-minute epochs. The latter were com- 
pared with nuchal muscle activity during the remaining 
105 minutes of the corresponding period, during which 
the fetal oxygenation was kept at the same level. As 
shown in Fig. 1, a significant change in nucha! muscle 
activity occurred during the first 15 minutes after the 
changes in fetal Sao, were brought about. During the 
first 15 minutes of hypoxemia in P2 and P3, nuchal 
muscle activity fell to values of 21.5% + 19.6% and 
14.8% + 10.5%, respectively, significantly lower than 


562 Woudstra et al. 


cumulative frequency (%) 





February 1990 
Am J Obstet Gynecol 





o 100 . 200 300 400 
duration of EMG episodes (s) 

— Control —— Sa02 3/4 

== Sa02 1/2 0 =v Recovery 


Fig. 2. Cumulative frequency-distributions of duration of episodes of electromyographic nuchal 
muscle activity of 12 experiments in five fetal lambs, during four 2-hour stages of experiment. 


nuchal muscle activity in the remaining part of hyp- 
oxemic episode P, (p < 0.05) and P, (p < 0.02, Wil- 
coxon signed-rank test). Recovery to normoxemia was 
associated with a substantial transient increase in nuchal 
muscle activity, which amounted to 46.1% + 25.3% in 
the first 15 minutes. This value significantly exceeded 
fetal nuchal muscle activity in the control period P1 
and in the remaining 105 minutes of P4 (p < 0.05). 
Thus all three 15-minute epochs immediately after the 
changes in Sao, appeared to be unique in showing sig- 
nificantly different nuchal muscle activity, as compared 
with the remaining 105 minutes of the same period. 
The only exception was the fifth 15-minute epoch in 
the recovery period, which showed a significantly de- 
creased nuchal muscle activity (p < 0.05). 

Changes in the duration of episodes of electromyo- 
graphic activity were also observed. Episodes of elec- 
tromyographic activity were shorter during hypoxemia, 
as shown in the frequency distributions in Fig. 2. 
During mild hypoxemia (P2), electromyographic epi- 
doses were significantly shorter than during Pl (p< 
0.01) and P4 (p< 0.02) (x? test). During moderate 
hypoxemia (P3), electromyographic episodes were sig- 
nificantly shorter than during Pl (p< 0.001), P2 
(p < 0.05), and P4 (p < 0.01) (x? test). 

With regard to fetal electrocortical activity, the time 
spent in high voltage did not change significantly dur- 
ing the various periods of the experiment (Table [). 
The number of state transitions increased during the 
experiment, but was only significantly higher in the 
recovery period, as compared with the control period. 
As indicated in Table I, the decrease in nuchal muscle 
activity during hypoxemia seems to occur predomi- 
nantly during low-voltage electrocortical activity, but 


the association between decreasing nuchal muscle ac- 
tivity and low voltage was not statistically significant. 

Multivariance analysis revealed that there were no 
significant differences in nuchal muscle activity, Saos, 
Pao», pH and Paco, with respect to a particular animal, 
gestational age, and the order of experiments in the 
same animal. 


Comment 


In view of the considerable physiologic fluctuations 
in fetal blood gas values, continuous measurement of 
arterial blood gases is almost a prerequisite for exper- 
imental studies that concentrate on phenomena related 
to blood gas values.'* '? The extracorporeal flow- 
through system for continuous measurement of fetal 
arterial blood gases used in the present study allowed 
continuous monitoring of fetal pH, Paco», Pao,, and 
Sao». This method not only provides accurate blood 
gas data for the various episodes of the experimental 
protocol, but it also provides an adequate feed-back 
system for adjustment of the tracheal gas infusion to 
the ewe. 

In the present investigation, fetal hypoxemia was 
produced by tracheal infusion of nitrogen to the ewe 
as described by Gleed et al.'* In our experience the 
advantages of this method were confirmed. The ewe 
remains quiet during hypoxemia and the degree of 
hypoxemia can be accurately adjusted. 

The findings of the present study indicate that mild 
hypoxemia (e.g., reduction of Sao, to three fourths of 
the initial value) for 2 hours has no significant effect 
on nuchal muscle activity, whereas reduction of fetal 
Sao, by about one half significantly reduces fetal nuchal 
muscle activity. Moreover, we observed a considerable 
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effect of a sudden change in Sao, on the incidence of 
nuchal muscle activity. This has not been previously 
reported. 

The order of hypoxemia was not randomized in this 
study because this would have resulted in a much more 
complex study design. In theory it might be possible 
that some of the results during the decrease in fetal 
Sao, to one half are slightly influenced by the preceding 
period in which saturation was decreased to three 
fourths of control values. 

The decrease in nuchal muscle activity during hyp- 
oxemia in the fetal lamb observed in the present study 
is smaller than that reported by others.** This is most 
likely a result of differences in experimental conditions. 
In all studies reported so far on this subject fetal hyp- 
oxemia was accompanied by acidosis and hypercapnia; 
this did not occur in our study. 

Martin et al.’ studied the effect of hypoxemia on 
trunk movements of fetal lambs between 113 and 135 
days’ gestation. In their study, hypoxemia was induced 
by occlusion of the common internal iliac artery of the 
ewe for 1 hour, which resulted in a reduction in Pao, 
from 28 + 6 to 21 + 4 mm Hg. Fetal pH decreased 
from 7.35 to 7.17 and Paco, increased from 44 to 58 
mm Hg. During hypoxemia, burst frequency of nuchal 


muscle electromyogram decreased from 13.5 + 5.3 to . 


6.2 + 3.7 per 10 minutes. Bocking and Harding’ re- 
ported a decrease in nuchal and limb muscle activity of 
approximately 70% of the control values during 2 
hours of hypoxemia (Sad, one half of control). In 
their study hypoxemia was brought about by reduc- 
tion of uterine blood flow. During hypoxemia fetal 
pH decreased and Pco, increased significantly. Natale 
et al.,* studying forelimb movements during hypox- 
emia in the fetal lamb, found that the proportion of 
time spent moving decreased from 11.2% + 0.5% to 
2.5% + 0.4% when the fetal carotid arterial Pao, fell 
from 19.6 to 11.3 mm Hg. In their experiments hyp- 
oxemia was induced by administration of a hypoxic gas 
mixture in a bag placed over the ewe’s head and also 
resulted in fetal acidosis. 

In the human fetus, body movements decrease under 
conditions associated with fetal hypoxemia. In growth- 
retarded fetuses, the incidence of gross body move- 
ments was significantly reduced in fetuses with late 
heart rate decelerations that were found to be hypox- 
emic at birth,®” Therefore it has been suggested that 
hypoxemia causes the reduction in fetal body move- 
ments. However, it is likely that isolated hypoxemia is 
a rare condition in the human fetus. Any reduction in 
uteroplacental or umbilical blood flow will result in a 
decreased transfer of many nutritional and waste prod- 
ucts. However, under experimental conditions as in the 
present study, it is possible to produce almost pure 
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hypoxemia without all the concomitant changes that 
are usually associated with hypoxemia in the human 
fetus. — 

In the almost pure hypoxemic conditions as in our 
study, a smaller decrease in body movements is ob- 
served than reported by others'**; therefore, it seems 
that associated changes, especially hypercapnia and ac- 
idosis, contribute to the decrease in body movements 
observed during hypoxemia. 

The results of the present study indicate that fetal 
body movements, as shown by nuchal muscle activity, 
are particularly sensitive to acute changes in fetal ox- 
ygenation. 


We thank Jan Elstrodt, Albert Polman, Hanneke van 
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. tance. 
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Etiology and epidemiology of endometriosis 


Robert L. Barbieri, MD 
Boston, Massachusetts 


The true prevalence of endometriosis remains undetermined because diagnostic laparoscopy cannot be 
performed on large, random, population-based samples of women. However, available evidence suggests 
that the disease occurs in approximately 1% to 7% of women in the United States. The cause of 
endometriosis is thought to be associated with mechanical factors (such as retrograde menstrual flow) or 

. estrogen production. Recent research also has suggested that regular exercise may help to protect against 
the disease by decreasing the rate of estrogen production. (Am J OssTeT GYNECOL 1990;162:565-7.) 


Key words: Endometriosis, estrogen, menstruation 


Endometriosis is defined as the presence of endo- 
metrial tissue in loci outside the uterine cavity. Typically 
this disease begins with one of three clinical problems: 
pelvic pain (such as dysmenorrhea), an adnexal mass, 
or infertility. 

Attempts to determine the epidemiology of endo- 
metriosis have been hampered by the inability to assess 
large, random, population-based samples of women by, 
laparoscopy. Nonetheless, reviews of hospital admission 
and discharge diagnoses have helped shed light on the 
prevalence of the disease in the United States. Likewise, 
the cause of endometriosis is not yet fully understood, 
but both mechanical factors and estrogen production 
have been implicated. 


Epidemiology 
Current clinical standards dictate that a diagnosis of 
endometriosis be based on surgical visualization of the 
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disease. This criterion has resulted in significant obsta- 
cles to determining the true prevalence of the disorder 
among women in the United States because it would 
not be ethical to subject a large, random sample of 
women to laparoscopy. Consequently, estimates of the 
prevalence of endometriosis have depended, in part, 
on assessments of women seen for surgical intervention 
for problems such as pelvic pain, infertility, adnexal 
mass, and appendicitis. 

Some insight into the epidemiology of the disease 
can be gained by reviewing hospital admission and dis- 
charge diagnoses. Using data gathered by the National 
Center for Health Statistics at all hospitals in the 
United States during 1982,' Cramer’ found that en- 
dometriosis accounted for approximately 5 of every 
1000 hospital admissions among women of reproduc- 
tive age in the United States. The prevalence varied by 
age. Among women aged 15 to 44 years, endometriosis 
was cited as the diagnosis in 4.5 of every 1000 admis- 
sions. In the 45- to 64-year-old age range, the preva- 
lence was 3.1 cases per 1000 admissions. As expected, 
virtually no admissions for endometriosis were seen 
among women younger than 15 or older than 65 years 
of age, when estrogen production from the ovary is 
relatively low. 
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Table I. Risk of endometriosis, by duration of 
menstrual flow 


Duration of menstrual flow (days) | Odds ratio for endometriosis 


<7 1.0 
28 2.4* 


From Cramer et al. JAMA 1985;255:1904-8. Copyright 
1986, American Medical Association. 


*p < 0.002. 


Table II. Risk of endometriosis, by average 
menstrual cycle length 


Average menstrual cycle 
length (days) - 


Odds ratio for endometriosis 


S27 2.1* 
28-34 1.0 
235 0.6 


From Cramer et al. JAMA 1985;255:1904-8. Copyright 
1986, American Medical Association. 


*p < 0.0001. 


When Cramer’ examined discharge diagnoses, sim- 
ilar trends were revealed. Endometriosis was cited as 
the discharge diagnosis in approximately 0.9% of all 
women between the ages of 15 and 44 years and 0.4% 
of those aged 45 to 64 years. Again, essentially no dis- 
charges were recorded with the diagnosis of endome- 
triosis in the populations younger than 15 or older than 
65 years of age. 

Using data from Baylor College School of Medicine, 
Wheeler and Malinak’ demonstrated that the preva- 
lence of endometriosis is highly dependent on the types 
of surgical procedures for which patients are seen. For 
instance, among women undergoing tubal ligation, ap- 
proximately 1.8% were found to have endometriosis. 
In contrast, the prevalence of the disease was 22.9% 
among women undergoing diagnostic laparoscopy, typ- 
ically for assessment of dysmenorrhea or infertility. In 
the overall series of 23,470 women from Baylor College 
School of Medicine (women undergoing vaginal hys- 
terectomy were excluded), endometriosis was diag- 
nosed in approximately 14% of cases. Similar findings 
came from a review conducted by the U.S. Army, in 
which approximately 6% of 104,129 women under- 
going abdominal surgical procedures were found to 
have endometriosis.* 

Based on these data, we conclude that the prevalence 
of endometriosis among reproductive-age women (15 
to 45 years of age) ranges from 1% to 7%. If a non- 
invasive method could be developed for diagnosing the 
disease, more definitive data might be obtained 
through random, population-based surveys. 


February 1990 
Am J Obstet Gynecol 


Table II. Risk of endometriosis, by duration 
of exercise 


Duration of exercise 
(hriwk) Odds ratio for endometriosis 


None 1.0 
=2 0.9 
3-7 0.6 
>7 0.2* 


From Cramer et al. JAMA 1985;255:1904-8. Copyright 
1986, American Medical Association. ` 


*p < 0.005. 


Etiology 


Two major theories have been proposed to explain 
the cause of endometriosis; one holds that mechanical 
factors are responsible for the development of the dis- 
ease, whereas the other focuses on the role of estrogen. 

Role of mechanical factors. Many observers believe 
that endometriosis results from retrograde menstrua- 
tion, which causes tiny fragments of normal endome- 
trium to take up residence in the peritoneal cavity. If 
this concept is true, any factor that increases the amount 
of retrograde menstrual flow should increase the risk 
of the disease. 

Evidence to support this viewpoint has emerged from 
a large, multicenter, case-controlled study conducted 
during the late 1970s and early 1980s. In a 1986 report 
of this study, Cramer et al.’ noted that women who had 
duration of menstrual flow >8 days had a significant 
increase in the odds ratio for the diagnosis of endo- 
metriosis (Table I). Correspondingly, women with 
fewer days of flow per month were less likely to have 
the disease. The length of the cycle appeared to play 
a role (Table II). Women who had cycle lengths =35 
days (and, consequently, fewer cycles per year) had a 
significantly lower risk of developing endometriosis 
than did those whose cycle lengths were <27 days (odds 
ratios of 0.6 and 2.1, respectively). Taken together, 
these findings would seem to suggest that frequent cy- 
cles and long periods of menstruation increase the risk 
of developing the disease. 

Other investigators have likewise implicated me- 
chanical factors in the cause of endometriosis. In stud- 
ies of women with duplicated reproductive systems 
(that is, two cervixes, two uteri, and one fallopian tube 
attached to each uterus), with obstruction of the cervix 
in one of these systems, Olive and Henderson® and 
Pinsonneault and Goldstein’ found that endometriosis 
tended to be most severe on the obstructed side. This 
observation suggests that, in the presence of cervical 
obstruction, retrograde menstrual flow is forced 
through the uterus and endometriosis is more likely to 
develop. Conversely, in the absence of cervical obstruc- 
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tion and retrograde flow, more flow is directed through 
the vagina and endometriosis is less likely to occur. 


Role of estrogen. Many clinical observers have sug- - 


gested that endometriosis is estrogen dependent. For 


example, the disease is essentially never seen before ~ 
y 


puberty and is extremely rare after menopause (unless 
a women is receiving estrogen-replacement therapy). 
Furthermore, any medical intervention that decreases 
estrogen production typically decreases the extent of 
endometriosis, and oophorectomy usually cures the dis- 
ease. Also of note is that endometriosis can occur in 


men (in the prostatic utricle, a remnant of the miillerian . © 
system) who are receiving high doses of diethylstil-. 


bestrol.! 
Emerging data are also suggesting that exercise may 


decrease the amount of estrogen produced per cycle- 
and, consequently, lower the risk of endometriosis. In . 


elite athletes, for example, the rate of estrogen pro- 
duction from the ovary may be lower. In addition, such 
women tend to have less adipose tissue, so peripheral 
estrogen production may be decreased. Furthermore, 


exercise appears to be associated with an increase in:’ 


the rate of metabolic clearance of estrogen.” 

In their epidemiologic study, Cramer et al. observed 
that exercise seemed to be protective against endo- 
metriosis. The odds ratio for diagnosis of the disease 
was 1.0 among women who did not exercise at all, 
whereas for those women who engaged in aerobic ac- 


tivity the risk of endometriosis fell, from 0.9 to 0.2, as’ 


duration of exercise increased from <2 to >7 hours 
per week (Table III). A further finding was that the 
greatest protection against endometriosis was afforded 


when exercise was begun at an early age (during the . ` 
teenage years) and continued throughout adulthood. , 


Comment 


Although definitive data are not available, recent re- 


search suggests that endometriosis occurs in 1% to 7% 
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of women in the United States. The disease may de- 
velop as the result of mechanical factors (such as ret- 
rograde menstrual flow) and requires estrogen stimu- 
lation..Newer findings imply that regular exercise may 


‘help protect against the development of endometriosis. 
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Diagnosis and clinical presentation of endometriosis 


G. David Adamson, MD 
Palo Alto, California 


Despite advances in diagnostic techniques, endometriosis remains an enigmatic condition. Clinical 
symptoms and signs often do not correlate with the anatomic stage of the disease, and morphologic 
characteristics vary widely. A definitive diagnosis can be established only by direct visualization, usually by 
laparoscopy. In some cases biopsy may be necessary to confirm the presence of disease. (AM J OBSTET 


GYNECOL 1990;162:568-9.) 


Key words: Endometriosis, laparoscopy 


For decades endometriosis has been an enigmatic 
condition, but our understanding of its clinical presen- 
tation and diagnosis is gradually improving. 

Data have revealed that the most frequent sites of 
endometriotic involvement are the posterior cul-de-sac, 
ovaries, bladder serosa, fallopian tubes, and large 
bowel. Less commonly, the small bowel, vagina, ureter, 
or appendix may be involved. Infrequent sites of en- 
dometriosis are the umbilicus, inguinal areas, dia- 
phragm, vulva, skin, episiotomy, and pleura. Rarely the 
disease may be seen in the stomach, lung, or kidney. 


Symptoms and signs 


The major symptoms associated with the disease are 
dysmenorrhea and pelvic pain. The latter symptom 
may be aching and centrally located but can also be 
lateralized in the presence of endometriomata. Dys- 
pareunia (often with postcoital discomfort) is also com- 
mon, and pain may occur on defecation when bowel 
involvement is present. Menstrual irregularities may 
occur as well. In addition, infertility is one of the most 
frequent initial complaints encountered in general clin- 
ical practice in patients with endometriosis. 

On pelvic examination, signs of endometriosis in- 
clude cul-de-sac nodularity, pelvic tenderness, and pel- 
vic induration. Adnexal masses may be identified in 
patients who have extensive involvement of the broad 
ligament and cul-de-sac, and fixed retroversion is also 
possible. 


Diagnostic techniques 


The differential diagnosis of endometriosis includes 
pelvic inflammatory disease, adenomyosis, and benign 
adnexal masses. Malignancy is an uncommon but im- 
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portant clinical consideration. Psychologic factors, 
which can affect symptoms of pain, must be considered 
as well. l 

Diagnosis of the disorder primarily requires direct 
visualization of endometriotic lesions, with biopsy re- 
served for cases in which the diagnosis is in doubt. At 
laparoscopy a systematic and thorough review of the 
pelvic cavity must be performed. In particular the ova- 
ries must be elevated so that the undersurface of the 
ovaries and upper aspects of the broad ligament can 
be viewed clearly. The laparoscope aids diagnosis by 
magnifying lesions several times their actual size. Video 
recording equipment can be valuable in documenting 
the findings for subsequent patient care. 

In addition to direct visualization, ultrasonography 
may facilitate diagnosis of the disease when endome- 
triomata are present. On the other hand the use of 
computed tomography or magnetic resonance imaging ` 
is still experimental and not indicated routinely. An- 
other technique involves assessment of serum levels of 
cancer antigen-125, which is shed into the circulation 
from endometriotic and other tissues. Levels of cancer _- 
antigen-125 have been found to increase with the an- 
atomic stage of the disease. This diagnostic technique 
lacks specificity, however, because serum levels of can- 
cer antigen-125 are also increased in the presence of 
other pelvic conditions, including pelvic inflammatory 
disease, unexplained infertility, pregnancy, menses, 
leiomyomata, and malignancy. The optimal applica- 
tions of measurement of cancer antigen-125 in the di- 
agnosis of endometrosis remain to be established. 


Characteristics of lesions 


More than 60 years ago, Sampson’ described pelvic 
endometriosis by using terms such as red raspberries, 
purple raspberries, blueberries, blebs, and peritoneal 
pockets. Subsequent publications focused on typical le- 
sions that were described as having the appearance of 
dark powder burns or blueberries. Only recently have 
observers gained an appreciation for the changes in 
coloration of endometriosis that occur during the men- 
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strual cycle, as well as the generally invasive nature and 
multiple morphologic presentations associated with the 
disease. 

Studies that use scanning electron microscopy have 
revealed that many lesions do not fit the classic descrip- 
tion. Spécifically, endometriosis may appear as whitish 
scar tissue, vesicular, or strawberry colored, in addition 
to the more familiar manifestations. In fact the meta- 
bolic activity of the disease seems to be greatest in’ red- 
dish lesions, so the more subtle endometriotic implants 
may actually be the most important with regard to suc- 
cessful management of the condition. 

On the other hand, lesions associated with heman- 
giomas, old sutures, necrotic areas from ectopic preg- 
nancies, cancer cells, epithelial inclusions, residual car- 
bon from previous laser surgery, hysterosalpingogram 
dye reactions, and inflammatory cysts may be mistaken 
for endometriosis. 

The excisional techniques pioneered by Martin 
et al. have vastly improved our understanding of en- 
dometriosis. Puckered black lesions are the easiest to 
see and are well recognized by most gynecologists; the 
presence of such lesions can be documented by exci- 
sional biopsy. The classic endometriotic lesion has a 
diffuse mixture of glands, stroma, intraluminal debris, 
and fibromuscular scarring. Scarred white lesions, in 
which the stroma is sparse and the glands are sur- 
rounded by fibromuscular scar, are much more difficult 
to visualize and may be confused with fibrotic tissue 
from previous inflammatory disease or postoperative 
scarring. 

Strawberry-like reddish areas are often associated 
with scarred areas of endometriosis. These lesions fre- 
quently appear around deeper, invasive areas of en- 
dometriosis and may represent extensions of these 
deep layers into the upper layer. Reddish polyps by 
themselves are predominantly glands and stroma and 
are not commonly associated with scarring. These pol- 
yps range from <1 to 7 mm in diameter and sometimes 
appear as blue-black or yellow rather than red. Another 
common presentation involves peritoneal pockets, 
which may appear developmental but are frequently 
associated with endometriosis. 

Many patients have clear, vesicular lesions, which can 
be difficult for even the most experienced laparoscopist 
to visualize. The bright light of the video camera can 
obscure these lesions, and the angle at which the peri- 
toneal surface is viewed often must be changed if such 
lesions are to be identified. Some of these lesions involve 
both glands and stroma, whereas others may be edem- 
atous endometriotic polyps. 
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Diffuse infiltration of the broad ligament is more 
prevalent than was once appreciated. Endometriosis 
and red adhesions may be seen over an entire area, 
from the uterosacral ligaments up toward the ovary and 
fallopian tube. Blackish, as well as reddish, areas of 
disease are readily apparent, and some scarred areas 
are evident. Surgical treatment of this condition re- 
quires excision of the entire broad ligament. 

Endometriosis can also be deeply infiltrating. The 
lesion can appear just superficial to the untrained eye, 
but removal of the disease actually may require dissec- 
tion of the entire base of the uterosacral ligament, as 
well as dissection of the rectovaginal area of the septum 
to a depth of 7 mm. 

On the ovary, endometriosis may begin as a super- 
ficial lesion (similar to that found on peritoneal sur- 
faces), a strawberry-type lesion, or the more classic 
bluish, puckered area overlying an endometrioma. Ap- 
propriate diagnosis of such a lesion requires dissection 
of a cyst wall for pathologic confirmation of the pres- 
ence of disease. l 


Comment 


In many respects endometriosis remains an enigma 
from the most basic clinical standpoint, that is, estab- 
lishment of the diagnosis. Patients have variable symp- 
toms and signs that do not necessarily correlate with 
the anatomic stage of the disease, and not all of the 
multiple morphologic characteristics will be appreci- 
ated by the practicing clinician. 

Unequivocal diagnosis of endometriosis requires di- 
rect visualization by laparoscopy. Because this is a sur- 
gical procedure, it may not be performed on all women 
suspected of having the disease, and even among pa- 
tients who undergo laparoscopy biopsy may be neces- 
sary to confirm the presence of endometriosis. 
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Efficacy and safety of nafarelin in the treatment 


of endometriosis 


Milan R. Henzl, MD, PhD, and Long Kwei, PhD 
Palo Alto, California 


The efficacy and safety of the gonadotropin-releasing hormone agonist nafarelin for treatment of 
endometriosis were compared with those of danazol in two large-scale, double-blind trials. Assessments of 
severity of symptoms, laparoscopic scores before and after therapy, and pregnancy rates showed that 
nafarelin, 400 and 800 pg administered intranasally, was as efficacious as oral danazol, 600 and 800 mg. 
The adverse effects seen with nafarelin, mainly hot flashes, were related to its mode of action, namely 
hypoestrogenemia induced by reversible inhibition of ovarian hormone production. Hypoestrogenemia was 
associated with a decrease of bone density in the lumbar vertebrae, but these changes were partially or 
completely reversible after treatment was discontinued. No significant changes in bone mass occurred in 
the distal radius. Danazol was associated with androgenic and metabolic adverse effects, including weight 
gain, negative effects on the lipid profile, and elevated liver enzyme levels. Nafarelin was found to be as 
effective as danazol for the management of endometriosis, with a different and more favorable safety 


profile. (Am J Osstet GynecoL 1990;162:570-4.) 


Key words: Danazol, endometriosis, gonadotropin-releasing hormone agonists, nafarelin 


Nafarelin, a synthetic agonistic analog of native 
gonadotropin-releasing hormone, is a promising new 
treatment for endometriosis. Like other gonadotropin- 
releasing hormone analogs, nafarelin stimulates the 
hypothalamic-pituitary-ovarian axis during short-term 
administration but inhibits its activity during long-term 
administration. Since the growth of ectopic endome- 
triotic tissue is fueled by ovarian hormones, this par- 
adoxical suppression of estradiol to near-menopausal 
levels, roughly <30 pg/ml, achieved by long-term 
nafarelin administration is therapeutic in endometri- 
osis. About 90% of women treated with nafarelin be- 
come amenorrheic within 1 to 2 months after starting 
treatment, which is desirable in therapy for endome- 
triosis. 

To assess the efficacy and safety of nafarelin in the 
treatment of endometriosis, two large-scale, multicen- 


ter, double-blind, double-placebo trials were con- ` 


ducted.''* In both trials nafarelin was compared with 
the established medical treatment for endometriosis, 


danazol, a steroid derivative with androgenic and an- ° 


abolic properties. 


Patients and methods 


All patients who entered the two trials had laparo- 
scopically confirmed endometriosis. In the first study, 
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patients were randomized to receive intranasal nafar- 
elin, 400 or 800 g/day (200 or 400 pg twice a day, 
respectively), or oral danazol, 800 mg/day (400 mg 
twice a day). In the second study,” patients randomly 
received nafarelin, 400 pg/day (200 pg twice a day) or 
danazol, 600 mg/day (200 mg three times a day). To 
preserve the double-blind design in these studies, 
women who received nafarelin also took placebo cap- 
sules, and those who received danazol also received 
placebo nasal spray. 

After 6 months of treatment, all patients were fol- 
lowed up for at least an additional 6 months and those 
attempting pregnancy for another 12 months. At the 
time of writing, posttreatment follow-up results are not 
available from the second study. . 

Efficacy was assessed by the change from pretreat- ` 
ment to posttreatment laparoscopy scores, according to 
the American Fertility Society scoring system for quan- 
tifying and classifying severity of endometriosis. Symp- 
toms and signs of the disease were assessed monthly 
on a numeric scale (0 = not present, 1 = mild, 2 = 
moderate, and 3 = severe); dysmenorrhea, dyspareu- 
nia, and pelvic pain were rated by the patients, whereas 
pelvic tenderness and induration were rated at pelvic 
examination by the physicians. 

Adverse event reports, findings of physical exami- 
nations, and clinical laboratory monitoring constituted 
the safety assessments. 


Results 


In the two trials, 204 patients received nafarelin, 400 
ug/day, 79 received nafarelin, 800 pg/day, 67 received 
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Table I. Treatment effects on laparoscopic findings: change of mean laparoscopic scores 


















Mean scores (SE)* p Value of pretreatment 





No. of : and posttreatment 
Study I 
70 NAF800 21.9 (3.1) 12.6 (2.6) -42 0.0001 
73 NAF400 20.4 (2.2) 11.7 (1.8) -43 0.0001 
70 DAN800 18.4 (2.0) 10.5 (1.7) ~43 0.0001 
Study II 
104 NAF400 14.5 (1.6) 7.7 (1.4) —48 0.0001 
63 DAN600 17.7 (2.5) 9.0 (2.1) —49 0.0001 











NAF800, Nafarelin, 800 pg/day (400 ug twice a day); NAF400, nafarelin, 400 g/day (200 ug twice a day); DAN800, danazol, 
800 mg/day (400 mg twice a day); DAN600, danazol, 600 mg/day (200 mg three times a day). 

*Scores were assigned to laparoscopic findings according to the American Fertility Society classification: 1 to 5 points = minimal 
disease (stage I); 6 to 15 points = mild disease (stage II); 16 to 40 points = moderate disease (stage III); and >40 points = severe 


to extensive disease (stage IV). 


+The reported Student paired ¢ test results were confirmed by Wilcoxon’s signed-rank test. 


Table II. Changes in severity: relief of clinical symptoms of endometriosis 











Complete relief 





Treatment 


Partial relief 


















No change Worsened 


Study I 
NAF800 70 38 54 27 39 3 4 2 3 
NAF400 73 34 47 33 45 2 3 4 5 
DAN800 70 34 49 29 4] 3 4 4 6 
Study II 
NAF400 104 59 57 40 38 4 4 1 1 
DAN600 63 30 48 29 46 3 5 l 1 


NAF800, Nafarelin, 800 g/day (400 wg twice a day); NAF400, nafarelin, 400 pg/day (200 wg twice a day); DAN800, danazol, 
800 mg/day (400 mg twice a day); DAN600, danazol, 600 mg/day (200 mg three times a day). 


danazol, 600 mg/day, and 80 received danazol, 800 
mg/day. , 

Hormonal suppression. In both studies, estradiol 
levels were suppressed within 14 days after danazol 
therapy was started. With nafarelin, estradiol levels ini- 
tially rose in response to the acute stimulus to ovarian 
steroidogenesis, but 2 weeks after treatment started 
these levels began a sharp decline. After 1 month, es- 


tradiol suppression with nafarelin was more profound ' 


than with danazol, and consequently more patients re- 
ceiving nafarelin became amenorrheic. With both 
drugs, progesterone levels fell to <1 ng/ml, indicating 
anovulation. After treatment with either drug was dis- 
continued, estradiol and progesterone returned to pre- 
treatment levels. ' 
Eftects on endometriotic lesions. In both studies 
there was a statistically significant decrease in mean 


American Fertility Society scores (p = 0.0001) in each - 


treatment group. Table I shows that the results in both 
studies were nearly identical. Complete resolution of 
lesions was evident in 20% of women receiving nafar- 
elin, 800 pg/day, and 18% receiving 400 ug/day, as 
well as in 16% of those receiving danazol, 800 mg/day, 


and 22% receiving 600 mg/day., Irrespective of treat- 
ment, lesions partially resolved in an additional 60% to 
70% of patients, were unchanged in about 10%, and 
worsened in 4% to 8%. The percentage of patients with 
mild to severe disease decreased from 69% at the start 
of the trial to 36% after treatment, with a correspond- 
ing increase in the percentage of patients with no or- 
minimal endometriosis. 

Clinical symptoms. In both studies nafarelin, as well 
as danazol, rapidly and significantly relieved clinical 
symptoms of endometriosis. At the end of the first 
treatment month, less than 4% of the patients had se- 
vere or very severe symptoms and about 70% had no 
or only mild symptoms. Table II shows the improve- 
ment in clinical symptoms of endometriosis in the in- 
dividual treatment groups. It is important to note that 
at the end of the treatment, more than 90% of patients 
using nafarelin, 400 g/day, obtained relief of clinical 
symptoms, and more than 50% of these patients were 
completely symptom free, Table III compares the se- 
verity of clinical symptoms of endometriosis at admis- 
sion to the study and at the end of therapy for all the 
treatment groups. Of particular note is the reduction 


572 Henzi and Kwei 


Hot flashes 
Headaches 
Emotional lability 
Acne 

Myalgia 
Reduced breast size 
.Edema 
Seborrhea 
Weight gain 
Hirsutism 

Libido increased 
Weight loss 
Libido decreased 
Vaginitis 

Rhinitis 
‘Insomnia 
Depression 






February 1990 
Am J Obstet Gynecol 


W Nafarelin {n = 203) 
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*p <.05 
*p =.01 
**p =.001 
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70 80 90 100 


Fig. 1. Adverse effects in patients treated with nafarelin, 400 g/day, or danazol, 800 mg/day. 


Table III. Distribution of patients by symptom severity at admission and end of treatment 







None 


Treatment 


Study I 
NAF800 70 Admission 5 7 
6 Mo 38 54 
NAF400 73 Admission . 5 7 
6 Mo 34 47 
DAN800 70 Admission 8 11 
ae 6 Mo 34 49 
Total 213 
Study H 
NAF400 104 Admission 0 0 
6 Mo 59 57 
DAN600 63 Admission 1 2 
ax 6 Mo 30 ` 48 
Total 167 





Mild 


Severity of symptoms 


Moderate Severe Very severe 


20 21 30 24 34 6 9 
30 10 14 l 1 0 
19 22 30 24 33 8 11 
36 12 16 1 1 0 
16 24 34 24 34 3 4 
40 7 10 l J 0 
20 52 50 30 29 l l 
31 13 13 0 0 

“27 20 32 24 38 l 2 
38 9 14 -0 0 





NAFS800, Nafarelin, 800 wg/day (400 ug twice a day); NAF#00, nafarelin, 400 g/day (200 wg twice a day); DAN800, danazol, 
800 mg/day (400 mg twice a day); DAN600, danazol, 600 mg/day (200 mg three times a day). 


at the end of treatment in the percentage of patients 
with severe or very severe symptoms. 

At the present, results of the 6-month posttreatment 
follow-up are available only from the first controlled 
clinical trial. Of the 213 enrolled patients, 156 (73%) 
underwent the 6-month posttreatment follow-up ex- 
amination (12 months after start of treatment). Thirty- 
two (15% of 213) patients did not undergo this ex- 
amination because they had become pregnant. Fifteen 
patients (7%) did not undergo this examination because 
they had undergone surgical or medical therapy for 
endometriosis; twice the percentage of patients taking 
danazol required the same procedures as those taking 


both nafarelin dosages. Only 3% of the patients were 
lost to follow-up, and in 1% of the patients the exam- 
inations were incomplete. Of the 156 patients evaluated 
for severity of symptoms 6 months after treatment 
ended, 77% who took nafarelin, 800 wg/day, 72% who 
took nafarelin, 400 pg/day, and 78% who used danazol, 
800 wg/day, remained symptom free, reported only 
mild clinical symptoms, or were pregnant. Thus in a 
substantial number of patients the beneficial effects of 
the treatment continued for at least 6 months after the 
study drugs were discontinued. 

Pregnancy rates. Of the 149 patients attempting 
pregnancy, 52% receiving nafarelin, 800 pg, and 30% 


~ 


Volume 162 
Number 2 


Efficacy of nafarelin 573 








LDL/HDL Ratio 


DANAZOL 


NAFARELIN 











4 6 


Months 


Fig. 2. Mean low/high-density lipoprotein (LDLIHDL) ratios during 6-month treatment with na- 


farelin or danazol. 


receiving 400 pg succeeded within 12 months after 
treatment, as did 36% receiving danazol. In each treat- 


ment group, more than a third of the women who' 


became pregnant had moderate to severe disease on 
admission to the study. The data on pregnancy rates 
from the second study are not available at the present 
time. 

Safety. Fig. 1 compares the incidence of adverse ef- 
fects among patients receiving either nafarelin (400 
p.g/day) or danazol (800 mg/day). The more profound 
hypoestrogenemia induced by nafarelin led to hot 


flashes, as reported by 90% of the patients receiving. - 


this agent, compared with 68% of the danazol users 
(p = 0.001), but few patients withdrew from the trial 
because of this effect. Vaginal dryness and decreased 
libido, also hypoestrogenemic effects, were more prev- 
alent in the nafarelin users (p = 0.01 and <0.05, re- 
spectively); the higher incidence of nasal irritation in 
the patients treated with nafarelin is probably the result 
of the method of drug administration. 

Quantitative computed tomography and dual- 
photon absorptiometry revealed decreases in bone mass 
density in the lumbar vertebrae during nafarelin ther- 
apy, but these changes were largely reversible after 
treatment was discontinued. All the decreases in bone 
density were within 1 SD of the pretreatment mean 
and were well above the theoretic fracture threshold. 
Single-photon absorptiometry demonstrated no signif- 
icant changes in bone mass in the distal radius during 
the treatment period. These findings suggest that a 6- 
month course of treatment with nafarelin does not have 
any major adverse effect on bone mass. 

The androgenic and anabolic properties of danazol 


t 


were associated with a greater incidence of acne, myal- 
gia, reduced breast size, edema, seborrhea, weight gain 
(p = 0.005 for all), and hirsutism (p = 0.01). 

The negative metabolic effects of danazol on the liver 
were also evident. During treatment, alanine amino- 


‘transferase levels rose above normal limits in 19% of 


danazol users as opposed to 3% of those receiving na- 
farelin; creatine phosphokinase levels increased above 
the normal range in 13% of patients in the danazol 
group but not in any nafarelin recipient (p = 0.0001, 
all differences). A rapid rise in liver enzyme levels 
forced two danazol users to be withdrawn prematurely 
from the trial. - 

Danazol’s negative impact on the lipid profile was also 
well demonstrated.” Serum cholesterol levels rose above 
the upper limit of normal in 13% of patients treated 
with danazol, as opposed to 5% who received nafarelin. 
Abnormally low high-density lipoprotein—cholesterol 
levels were found in 43% of danazol users; abnormally 
high low-density lipoprotein levels were found in 15% 
(p = 0.0001). No abnormally low high-density lipopro- 
tein or high low-density lipoprotein concentrations 
were found in the nafarelin treatment groups. Fig. 2 
shows that the low-density lipoprotein/ high-density 
lipoprotein ratio rose rapidly in patients taking danazol, 
whereas in those taking nafarelin this ratio remained 
stable throughout the entire treatment period. 


Comment 

In two multicenter, double-blind, double-placebo 
studies (the first such design in endometriosis research), 
nafarelin was shown to be as efficacious as danazol in 
treatment for endometriosis when assessed by laparos- 
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copy and evaluation of symptoms. The pregnancy rates 
were comparable to those achieved after danazol 
treatment. Nafarelin induced a more profound hy- 
poestrogenemic state than did danazol and, conse- 
quently, more nafarelin users achieved amenorrhea 
more ‘quickly. Clinical symptoms of endometriosis 
abated rapidly, and in most patients this relief of symp- 
toms was maintained for 6 months after treatment. 

Adverse effects of nafarelin were limited largely to 
those of hypoestrogenemia, whereas danazol, with its 
androgenic activity, was associated with adverse effects 
on liver enzymes and lipid profiles, as well as mascu- 
linizing effects. 

Hypoestrogenemia in adults may be associated with 
loss of bone mineral content, and the results have 
shown some loss of vertebral bone mineral content, 
which was predictable and largely reversible. There was 
no effect on the density of compact bone. 
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In summary, the results of these two large-scale 
clinical trials demonstrated that the gonadotropin- 
releasing hormone agonist nafarelin was as effective as 
danazol for the management of endometriosis and had 
a more favorable safety profile, mainly as a result of 
the predictable effects of hypoestrogenemia, with a lack 
of effect on lipid and liver metabolism. 
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Nafarelin in the treatment of pelvic pain caused 


by endometriosis 


Robert W. Shaw, MD 
London, United Kingdom 


As part of a large, multicenter trial, 82 patients with endometriosis were randomized to 6 months of 
treatment with either nafarelin or danazol. Among 73 patients who had subjective symptoms 


(dysmenorrhea, dyspareunia, or pelvic pain) at baseline, 94% of patients treated with nafarelin and 91% of 
those treated with danazol had improvement. Resolution of physical findings also was observed in similar 
percentages of patients in each treatment group. Long-term studies are needed to determine whether 
these two agents are associated with different cure rates or times to recurrence of disease. (AM J OBSTET 


GYNECOL 1990;162:574-6.) 


Key words: Danazol, endometriosis, gonadotropin-releasing hormone agonists, nafarelin 


Patients with endometriosis may have a variety of 
symptoms. Some symptoms are related to the site of 
endometriotic deposits, but the extent of disease does 
not correlate with the degree of symptoms. Further- 
more, many patients with endometriosis have no symp- 
toms whatsoever. 

Recently, nafarelin, a gonadotropin-releasing hor- 
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mone agonist, has shown promise in relieving the symp- 
toms of endometriosis. In an effort to shed more light 
on the efficacy of this agent, a double-blind, random- 
ized, multicenter study was conducted in both Europe 
and the United States. In the United Kingdom, 82 pa- 
tients were assessed at two sites. This article summarizes 
findings in the latter group of patients. 


Material and methods 


The patients in this study were randomized to receive 
6 months of therapy with either danazol, 200 mg three 
times daily (the recommended dosage in most parts of 
Europe), or nafarelin, 200 ug twice daily, intranasally. 
To maintain the blind nature of the study, patients 
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Table I. Effects on subjective symptoms in 73 patients randomized to 6 months of therapy with nafarelin 
or danazol 









Total No. 


Nafarelin 





Treatment 











Danazol 





Symptom 
Status 





patients 


Improved . 67 47/50 

Complete 43 29/50 
relief 

Unchanged 6. 3/50 










% 


94 20/23 87 
58 14/23 61 
6 3/23 13 





assigned to danazol also received placebo nasal spray, 
and those assigned to nafarelin also received placebo 
capsules. 

A subjective scoring system was used to evaluate three 
major symptoms of endometriosis: dysmenorrhea, dys- 
pareunia, and pelvic pain. Each symptom was scored 
on a four-point scale, with 0 indicating the absence of 
such a finding. Scores of 1 through 3 were used to 
describe mild, moderate, and severe symptoms, re- 
spectively. 

Mild symptoms were defined as those resulting in 
some loss of work efficiency. Symptoms that caused the 
patient to remain in bed part of the day were described 
as moderate, and those resulting in the patient being 
bedridden or incapacitated for 1 or more days were 
defined as severe. 


Results 


Of the 82 patients enrolled at the two centers in the 
United Kingdom, 8 did not complete the study. 
Among the group that received nafarelin, three pa- 
tients withdrew from the study because of side effects 
thought to be drug related, and one could not be fol- 
lowed up because she left the country. The complaints 
reported by the three patients who had side effects 
were, respectively, depression, muscle aches, and mas- 


talgia; giddiness, nausea, and vague paresthesia; anda _ 


maculopapular rash. Among the group that received 
danazol, two patients withdrew from the study because 
of side effects: one developed a viral illness and the 
other a maculopapular rash. In addition, two patients 
(one in each study group) were not analyzed because 
of their poor compliance. Consequently, 74 patients 
completed the study ‘and were included in the data 
analysis. These patients also underwent second-look 
laparoscopy. f 

Subjective symptoms. The data analysis showed that 
all but 1 of the 74 patients had subjective symptoms on 
entry into the study. When the individual scores were 
pooled at the conclusion of 6 months of therapy, 67 of 
these 73 patients (or 92%) showed improvement: 47 
(94%) of 50 who received nafarelin and 20 (87%) of 23 
who received danazol (Table I). Furthermore, 43 pa- 


Table II. Percentages of patients (n = 50) with 
subjective symptoms at baseline and after 1, 3, 
and 6 months of nafarelin therapy 







Months of 
nafarelin therapy 


Dysmenorrhea 100 46 4 2 
Dyspareunia 74 36 34 22 
Pelvic pain 86 64 42 18 
No symptoms 0 30 48 58 


tients (58% and 61% of the nafarelin and danazol 
groups, respectively) indicated that their symptoms had 
been completely relieved. Symptoms remained un- 
changed in six patients: three (6%) in the nafarelin 
group and three (13%) in the danazol group. 

Table II shows the percentages of patients who had 
specific symptoms before therapy, as well as after 1, 3, 
or 6 months of treatment with nafarelin. All patients 
complained of dysmenorrhea at baseline, but within | 
month of the initiation of treatment more than half of 
these patients had complete relief of this symptom. This 
finding was not surprising because nafarelin had in- 
duced amenorrhea in most patients by this point. By 
the end of the sixth month of therapy, only one pa- 
tient continued to report symptoms classified as dys- 
menorrhea. 

Dyspareunia took slightly longer to resolve than did 
dysmenorrhea, and complete follow-up data are not 
yet available. The analysis conducted to date shows that 
11 of the 50 patients continued to have some degree 
of dyspareunia after 6 months of nafarelin therapy, 
although the severity of this symptom may have de- 
creased. Notably, the number of patients who gained 
complete relief increased with the duration of treat- 
ment. A similar trend was evident with regard to pelvic 
pain. 

Physical findings. Of the overall group cf 74 sub- 
jects, 53 had positive physical findings (pelvic tender- 
ness or induration) at the time of entry into the study. 


Shaw 


Pelvic examinations performed at the conclusion of the 

' trial revealed that these findings had resolved in similar 
percentages of patients in each treatment group. Like- 
wise, comparable percentages of patients in each group 
had either improvement, no change, or worsening of 
the physical findings. 

Amenorrhea and hormonal changes. The percent- 
ages of patients with amenorrhea during any given cy- 
cle of the 6-month study were similar in the nafarelin 
and danazol groups. Assessment of hormonal changes 
revealed that both therapies suppressed estradiol, re- 
sulting in levels of approximately 100 pmol/L after 3 
to 4 months of treatment. Notably, however, more pa- 
tients in the nafarelin group had significant hypoestro- 
genemia, to levels less than 100 pmol/L, reflecting the 
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greater ability of this drug to suppress ovarian steroido- 
genesis. l 


Comment 


In this comparative study, nafarelin and danazol 
were found to have similar side-effect profiles in pa- 
tients with endometriosis. Furthermore, the two agents 
offered approximately equivalent efficacy with regard 
to the relief of symptoms, provided that amenorrhea 
was induced. - 

An unanswered question relates to whether these 
drugs are associated with different cure rates or times 
to recurrence of disease. Long-term studies will be 
needed to shed more light on these issues. 





Nafarelin in the treatment of infertility caused 


by endometriosis 


David H. Barlow, MD 
Oxford, United Kingdom 


Patients with infertility caused by endometriosis may be managed by expectant strategies, surgery, or 
pharmacologic intervention. The relative benefits conferred by each of these approaches remain to be 
confirmed. Data gathered thus far suggest, however, that nafarelin, a gonadotropin-releasing hormone 
agonist, may be associated with fecundity rates as low as those seen after surgical intervention. (Am J 


OssTeT GYNECOL 1990;162:576-9.) 


Key words: Infertility, nafarelin 


The mechanisms that may form the basis for an as- 
sociation between endometriosis and infertility remain 
controversial. In addition to the anatomic damage that 
may occur with severe endometriosis, other suggested 
mechanisms in women with endometriosis include an 
increased frequency of anovulation,’ increased occur- 
rence of hyperprolactinemia,? and effects within the 
peritoneal environment (Fig. 1). Several groups have 
reported increased prostaglandin levels in the perito- 
neal fluid in endometriosis,** with possible effects on 
the occurrence of luteinized unruptured follicles,’ cor- 
pus luteum activity, luteolysis, or abortion. There may 
also be midcycle gonadotropin surges. 
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Peritoneal fluid in endometriosis has been reported 
by some groups to contain higher macrophage concen- 
trations, and these macrophages are thought to be 
more activated,’ thus affecting the rate of sperm 
phagocytosis and producing factors that might make 
the peritoneal fluid less hospitable to oocytes and . 
sperm.’ Studies in in vitro fertilization have shown that 
reduced fertilization rates occur in women with en- 
dometriosis (particularly those who have ovarian 
cysts).'° 

The epidemiologic work of Vessey et al’! has re- 
vealed that, by l year, approximately 82% of a normal 
female population will conceive; this translates into a 
monthly fecundity figure of approximately 12% among 
women who are not known to be infertile. This figure 
should be kept in mind when treating women with in- 
fertility caused by endometriosis. 

Depending on the needs of the individual patient, 
the management of infertility may be based on either l 
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Table I. Pregnancy rates among patients 
randomized to treatment with nafarelin or danazol 





Treatment 










Nafarelin 





Danazol 


Overall study 8/28 29 2/15 13 
group 

Infertility group 5/19 26 1/10 10 

Infertility group 4/19 21 1/10 10 
at I year 





an expectant (nontreatment) strategy or a range of 
therapeutic options (such as progestogens, danazol, 
gonadotropin-releasing hormone agonists, surgery, or 
laparoscopic surgery). 


Expectant management 


Expectant management may be more difficult in ` 


cases in which pain is the principal problem. In patients 
who do not have pain (and who are therefore more 
likely to have mild or moderate, rather than severe, 
endometriosis), expectant management should be con- 
sidered. 

Several studies of endometriosis-associated infertility 
have included a nontreatment, expectant-management 
arm.'*'® Monthly fecundity rates have ranged from ap- 
proximately 2% to >10%. In a 1987 study of gestri- 
none, Thomas and Cooke” quoted cumulative preg- 
nancy rates rather than monthly fecundity rates. Their 
findings showed that the l-year cumulative pregnancy 
rate was 24% in the control group. These results must 
be considered when assessing the potential benefits of 
pharmacologic intervention in women with infertility 
caused by endometriosis. 


Surgery 

A review of large studies of conservative surgery 
(each of which enrolled at least 100 patients) reveals a 
crude pregnancy rate of 40% to 59%.'*** Only one 
study (by Rock et al.*") reported a fecundity rate, which 
was approximately 2%. 


Pharmacologic therapy 

Large, retrospective studies of the efficacy of danazol 
have reported crude pregnancy rates of 28% to 
47%*"*!; monthly fecundity rates (when reported) have 
ranged from 4% to 6%. 

Among the population of women in the United States 
evaluated by the Nafarelin Study Group, 149 indicated 
that they wished to conceive. Although this study was 
not specifically designed to assess the effects of therapy 
on infertility, 58 of the patients were reported to have 
conceived, for a crude pregnancy rate of 40%.” The 
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Fig. 1. Possible mechanisms involved in infertility caused by 
endometriosis. CNS, Central nervous system. (Adapted from 
Muse K. Endometriosis and infertility. In: Wilson EA, ed. 
Endometriosis. New York: Liss, 1987:94.) 


l-year conception rate was 52% among women receiv- 
ing nafarelin, 800 mg/day, 30% among those receiving 
nafarelin, 400 mg/day, and 36% among those receiving 
danazol. The differences among these rates were not 
statistically significant. It is not possible to calculate the 
pregnancy rates in those women who had initially been 
infertile. 

A true comparison of the efficacy of these therapies 
in the treatment of endometriosis-associated infertility 
would have to ensure that the treatment groups have 
comparable severity of disease and are of comparable 
ages. In addition, approximately equivalent numbers 
of cases of primary and secondary infertility should be 
present in the two groups. 

Using these criteria, we have analyzed data from 40 
patients assessed at our center as part of a larger Eu- 
ropean study. Our intention has been to show that a 
fertility-related assessment is feasible with the data 
gathered in that European study. Meaningful analysis 
would then be achieved best by extending the analysis 
to the entire European study. Of the 40 women in our 
subgroup, 29 were determined to be infertile; 19 were 
treated with nafarelin and 10 with danazol. The median 
ages of the groups were comparable (31.9 and 28.7 
years, respectively), as was the duration of infertility (a 
median of 3 years in each group). Primary infertility 
was present in 53% of the nafarelin group versus 90% 
of the danazol group; secondary infertility was present 
in 47% and 10%, respectively. All patients had patent 
fallopian tubes. 

Adhesions were present in 58% and 50% and male 
factor in 11% and 10% of the nafarelin and danazol 
groups, respectively. Moderate to severe endometriosis 
was found in approximately 30% of each group. 
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Fig. 2. Cumulative conception rates in infertile women with endometriosis treated with nafarelin or 


danazol, 


Overall the crude pregnancy rate was 29% in the 
nafarelin group, compared with 13% in the danazol 
group (Table I), Among just the patients who had ex- 
hibited infertility at baseline, pregnancy rates were 26% 
and 10% with the two therapies, respectively. The 1- 
year cumulative conception rate was 21% with nafarelin 
‘and 10% with danazol (Fig. 2). These rates are not 
statistically significantly different but illustrate that the 
European multicenter study has the data to generate 
these meaningful statistics based on larger numbers. 

These data yield a monthly fecundity rate of 2 for 
nafarelin and 0.9 for danazol. The fecundity rate with 
nafarelin was therefore comparable to that reported 
with conservative surgery. Laparoscopic surgery like- 
wise has been associated with a monthly fecundity rate 
of approximately 2. 

When we combined our data with those obtained at 
a London center (as part of the same multicenter study), 
we noted that the overall improvement in American 
Fertility Society scores in both treatment groups was 
achieved primarily through an improvement in active 
lesions, rather than in adhesion scores. If the active 
lesions are affecting the pelvic environment in terms 
of factors such as prostaglandins and macrophages, 
then many fertility factors relevant to endometriosis- 
associated infertility may be improved by therapies that 
are effective against active lesions, even if mechanical 
factors are less affected. 


Comment 


Further studies are needed to determine the relative 
effects of therapies such as nafarelin and danazol in 
women with infertility caused by endometriosis. As our 
data base expands, we should gain a better appreciation 
of the benefits of these therapies compared with strat- 
egies such as expectant management or conservative 
surgery. 
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Gonadotropin-releasing hormone analogs in the treatment 


of endometriomas 


Robert S. Schenken, MD 


San Antonio, Texas 


A limited number of small studies have assessed the efficacy of gonadotropin-releasing hormone agonists 
in the treatment of ovarian endometriomas. Most of these trials have not used quantitative measurements 
to evaluate the effects of therapy on disease resolution. The results available thus far suggest that 
nafarelin, buserelin, and histrelin offer modest degrees of efficacy, similar to that of danazol, in the 
management of patients with ovarian endometriotic cysts. Gonadotropin-releasing hormone agonists 
appear to be most efficacious when endometriomas are <1 om in size. (AM J OBSTET GYNECOL 


1990;162:579-81.) 
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Medical management of ovarian endometriomas is 
generally considered ineffective. Danazol has exhibited 
only modest efficacy in the treatment of endome- 
triomas, and most patients require surgical manage- 
ment. In an effort to expand the therapeutic arma- 
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mentarium for ovarian endometriosis, investigators 
have begun to assess the effects of gonadotropin- 
releasing hormone agonists, including nafarelin, bus- 
erelin, and histrelin. 


Effects of danazol 


The efficacy of danazol in the resolution of ovarian 
endometriosis was evaluated by Buttram et al.' in a 
study of 59 patients who received either 800 or 400 mg 
of danazol daily for 6 months. This study did not state 
whether patients had endometriomas or simply surface 
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Table I. Studies assessing effect of gonadotropin-releasing hormone agonists on ovarian endometriomas 













Shaw et al.? Buserelin 1/1 
Schriock et al. Nafarelin 1/1 
Minaguchi et al.‘ Buserelin ? 

Steingold et al.® Histrelin 5/? 
Dmowski et al.® Buserelin 6*/6 
Franssen et al.’ Buserelin 10/8 





*Cyst >3 cm before treatment. 
tCyst <3 cm before treatment. 


disease; however, it was stated that most patients who 
had 21 cm of disease had invasive endometriomas. 
At the completion of the study, ovarian endometri- 
osis had resolved in 40% of patients with 1 to 3 cm of 
disease who had received 800 mg/day of danazol. In 
contrast, only 23% of those with >3 cm of disease had 
resolution of disease while taking this dose. In the 
group that received 400 mg/day, resolution was seen 
in 34% of those who had 1 to 3 cm of disease at baseline 
and in only 24% of those who had >3 cm of disease. 


Effects of gonadotropin-releasing 

hormone agonists 

Six studies have reported on the effects of 
gonadotropin-releasing hormone agonists in patients 
with ovarian endometriomas, although the numbers of 
patients and lesions treated have been relatively small 
(Table I). 

In 1983 Shaw et al.? reported a case of a 33-year-old 
patient with abdominal pain and dysmenorrhea who 
was classified as having stage IIA disease. On initial 
laparoscopy the patient was found to have a 7 cm en- 
dometrioma on the left ovary, as well as several other 
areas of endometriosis that were >2 mm. Subsequently 
she received therapy with danazol and then the 
gonadotropin-releasing hormone agonist buserelin. 
Because of persistent pain the patient underwent 
laparotomy, at which time the endometrial cysts 
were found to have actually increased somewhat in 
size, necessitating hysterectomy and left salpingo- 
oophorectomy. 

A 1985 study by Schriock et al? focused on seven 
women treated with nafarelin (500 ug intranasally 
every 12 hours) for 6 months. One of these patients 
had a 6 cm endometrioma that decreased somewhat on 
subsequent ultrasound examination. 

A larger study, conducted in 1986 by Minaguchi 
et al.,* evaluated 191 women who received buserelin 
(300 to 1800 g/day intranasally) for 6 months. If se- 
rum estradiol levels exceeded 30 pg/ml, the dose was 


Lesions (n)! 
patients (n) 


Resolution 





= = 1* 
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54% average decrease in size 
3 It 6*} 


increased, up to a maximum of 1.2 mg every 6 hours. 
When the patients were followed up by ultrasonogra- 
phy, the investigators found improvement in 78 cases 
(approximately 40%). 

In 1987 Steingold et al.> studied the effects of his- 
trelin, given subcutaneously in a dose of 100 g/day 
for 24 to 48 weeks. Of five endometriomas identified, 
two small cysts resolved with therapy. In addition, a 
4.8 cm cyst, followed up on ultrasound examination, 
decreased to 3.8 cm at 24 weeks and 3.4 cm at 48 
weeks. In one case, ovarian biopsy demonstrated sub- 
nuclear vacuoles even though serum estradiol and 
progesterone levels were markedly suppressed with 
gonadotropin-releasing hormone agonist therapy. This 
observation may help explain why we are unable to treat 
ovarian disease effectively without surgical manage- 
ment; specifically, some steroid effect of the endome- 
triosis is clearly present when the disease is located in 
the ovary, and this may simply be the result of higher 
steroid tissue concentrations locally. 

In a 1989 study by Dmowski et al.,° 29 women were 
randomized to receive either danazol (200 mg four 
times daily) or buserelin (1.2 mg/day intranasally or 
0.2 mg/day subcutaneously) and then followed up by 
ultrasound examination. Endometriomas >3 cm were 
present in 3 of 10 patients receiving buserelin intra- 
nasally, 3 of 9 receiving buserelin subcutaneously, and 
4 of 10 receiving danazol. Although the results were 
not quantified, cyst size decreased an average of 54% 
in the group receiving buserelin, compared with 57% 
in the group receiving danazol. 

Also in 1989 Franssen et al.’ treated 52 women with 
buserelin (300 pg three times daily) for 24 weeks; a 
total of 10 endometriomas were present in eight pa- 
tients. After therapy, three cysts, ranging in size from 
1.5 to 3 cm, were found to have resolved. In addition, 
another 3 cm cyst diminished in size to the point where 
it was described as “only a small spot.” Another six cysts, 
ranging in size from 1 to 7 cm, were either unchanged 
or enlarged by the end of the study. 
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Comment 


Although extensive data are not yet available on the 
efficacy of gonadotropin-releasing hormone agonists in 
the treatment of ovarian endometriomas, some impres- 
sions may be gained from the studies conducted to date. 
First, the degree of efficacy of these agents in resolving 
ovarian endometriomas appears modest, similar to that 
of danazol. The greatest effect is apparent when en- 
dometriomas are <1 cm. , 

It should be noted, however, that the investigations 
conducted thus far have not quantitatively assessed the 
effects of gonadotropin-releasing hormone agonists on 
ovarian endometriomas. F urthermore, no long-term 
follow-up has been undertaken to assess regrowth of 
ovarian endometriomas that have resolved with ther- 
apy. In addition, these reports have not confirmed that 
the study subjects actually had endometriomas. _ 

Clearly, large-scale studies are needed to evaluate the 
efficacy of gonadotropin-releasing hormone agonists in 
the management of this disease. Until data from such 
studies become available, surgical treatment should 
continue to be considered the best management for 
ovarian endometriomas. 


GnRH analogs in treatment of endometriosis 
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Comparison of the pharmacology of nafarelin and danazol 
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The pharmacologic profiles of danazol! and nafarelin differ considerably from each other. Danazol interacts 
with multiple classes of proteins, whereas the gonadotropin-releasing hormone agonist nafarelin interacts 
only with the pituitary gonadotropin-releasing hormone receptor. Differences in the molecular, endocrine, 
and clinical pharmacologic properties of these agents may provide clues to their varying effects in the 
management of women with endometriosis. (Am J OpsteT GYNECOL 1990;162:581-5.) 
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Endometriosis is one of the most common gyneco- 
logic disorders of women of reproductive age. During 
the last two decades, the hormonal and surgical man- 
agement of endometriosis has been transformed rad- 


From the Department of Obstetrics and Gynecology, Harvard Medical 
School, Brigham and Women’s Hospital. 

Reprint requests: Robert L. Barbieri, MD, Department of Obstetrics 
and Gynecology, Harvard Medical School, Brigham and Women’s 
Hospital, 75 Francis St., Boston, MA 02115. 

6/0/17312 


ically by the introduction of a host of sophisticated 
treatment modalities. Advances in operative laparos- 
copy have allowed many patients to undergo complete 
removal of all macroscopic endometriotic lesions with- 
out being subjected to an abdominal incision. The ad- 
vances in the medical management of endometriosis 
have focused on two classes of drugs: synthetic steroids, 
such as danazol, and gonadotropin-releasing hormone 
agonists, such as nafarelin. In this review the phar- 
macologic properties of danazol and nafarelin will be 
compared. 
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Molecular pharmacology of danazol 


Before 1976, very little was known about the molec- 
ular pharmacologic profile of danazol. Because the vast 
majority of all drugs produce their therapeutic effects 
by interacting with specific classes of proteins and mod- 
ifying the action of these proteins, our laboratory de- 
cided to attempt to delineate all the proteins with which 
danazol could interact. We hypothesized that danazol 
probably interacted with three major classes of pro- 
teins: (1) enzymes involved in steroid synthesis, (2) in- 
tracellular steroid receptors, and (3) circulating steroid- 
binding proteins. Subsequent research has clearly dem- 
onstrated that this hypothesis was correct. 

Effects of danazol on steroidogenesis. Danazol in- 
hibits multiple enzymes of steroidogenesis in the ovary, 
adrenal gland, and testis. Using classic techniques in 
which the velocity of an enzyme is estimated according 
to the measurement of the rate of conversion of a 
steroid substrate to a product, we observed that 
danazol decreased the velocity of many enzymes of ste- 
roidogenesis, including cholesterol side-chain cleav- 
age, 3-8-hydroxysteroid dehydrogenase-isomerase, 17- 
a-hydroxylase, 17,20-lyase, 17-ketosteroid reductase, 
11-B-hydroxylase, and 21-hydroxylase." * The 
Michaelis-Menten inhibition’ constants for danazol 
inhibition of these enzyme systems are the choles- 
terol cleavage enzyme (20 wmol/L), 3-B-hydroxyste- 
roid dehydrogenase-isomerase (5.8 wmol/L), 17-a- 
hydroxylase (2.4 pmol/L), 17,20-lyase (1.9 pmol/L), 
17-ketosteroid reductase (4.4 pmol/L), 11-B- 
hydroxylase (0.8 pmol/L), and 21-hydroxylase (3 
pmol/L).24 In women receiving 600 mg of danazol 
daily, the circulating concentration of danazol is ap- 
proximately 2 pmol/L." This implies that the concen- 
tration of danazol in the systemic circulation is in the 
range required to inhibit all of these enzymes of ste- 
roidogenesis. 

The clinical relevance of these in vitro findings is 
substantiated by multiple studies, which suggest that 


danazol alters the pattern of ovarian,® adrenal,’ and. 


testicular’ steroidogenesis in vivo. Steingold et al.° ad- 
ministered danazol to women in whom adrenal ste- 
roidogenesis was suppressed by dexamethasone ther- 
apy. These investigators observed that treatment with 
danazol resulted in a large increase in circulating preg- 
nenolone and a decrease in 17-hydroxypregnenolone, 
suggesting that danazol directly inhibited the ovarian 
17-a-hydroxylase enzyme system. In addition, Stein- 
gold et al. demonstrated that danazol blocked the ability 


of injections of human menopausal gonadotropin to ` 


stimulate ovarian estradiol production by a direct action 
on the ovary. 
_',. The most complete study of the effects of danazol 
“on adrenal steroidogenesis was performed by Stillman 
et al.* These investigators evaluated the effects of dan- 
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azol treatment on adrenal steroid response to an ad- 
renocorticotropic hormone challenge. Five healthy, 
normally menstruating women were studied on the 
sixth day of two consecutive menstrual cycles, once as 
a pretreatment control and again after the administra- 
tion of 600 mg of danazol daily for 6 days. While taking 
danazol, baseline levels of progesterone, dehydro- 
epiandrosterone, and androstenedione were elevated, 
whereas baseline levels of luteinizing hormone, follicle- 
stimulating hormone, and adrenocorticotropic hor- 
mone were not significantly changed. Compared with 
pre-danazol control values, the response to adrenocor- 
ticotropic hormone after danazol administration was 
greater for pregnenolone and 1]-deoxycortisol but 
smaller for progesterone and cortisol. These results are 
consistent with the inhibition by danazol of adrenal 
17-a-hydroxylase, 3-B-hydroxysteroid dehydrogenase- 
isomerase, and 11-8-hydroxylase enzymes. 

Reyniak and Gurpide’ evaluated the effects of dan- 
azol on testicular steroidogenesis in three XY individ- 
uals with a defect in the androgen receptor system. 
Administration of danazol to these persons resulted 
in no change in circulating luteinizing hormone and 
follicle-stimulating hormone. However, the administra- 


“tion of danazol resulted in marked decreases in cir- 


culating testosterone. These investigators also dem- 
onstrated that the magnitude of the decrease in cir- 
culating testosterone was dependent on the amount of 
danazol administered. These studies suggest that dan- 
azol directly inhibits testicular synthesis of testosterone. 

Interaction of danazol with intracellular steroid re- 
ceptors. Steroid hormones produce biologic effects in 
steroid-responsive tissues by first binding to intranu- 
clear steroid receptors. Naturally occurring steroids 
demonstrate a great deal of specificity in their inter- 
action with receptors. For example, estradiol binds well 
to the estradiol receptor but does not interact signifi- 
cantly with androgen or progesterone receptors. In. 
sharp contrast, many synthetic steroid hormones are 
less specific in their receptor-binding profiles and can 
bind to multiple classes of receptors. In the first sys- 
tematic screening of the interaction of danazol with 
steroid-binding proteins, our laboratory reported that 
danazol bound to intracellular androgen, progester- 


‘one, glucocorticoid, and estrogen receptors.’ Subse- 
quently, numerous other investigators have confirmed 


our original findings.® 
The interaction of a steroid with an intracellular ste- 


roid receptor system can result in three possible out- 


comes. The steroid can produce the biologic effects 
characteristic of that intracellular receptor system (ag- 
onist). Alternatively, the steroid can block the biologic 
effects typically seen after stimulation of the receptor 
system (antagonist). The final possibility is that the ste- 
roid can produce a mixed pattern of agonistic and an- 
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tagonistic effects. For example, in androgen receptor 
bioassays (prostatic growth), danazol appears to be a 
potent androgenic agonist.* The androgenic effect of 
danazol is one of the main pharmacologic means by 
which this drug produces atrophy of endometriotic 
tissue. 

Danazol has been reported to bind to intranuclear 
estrogen receptors.” However, the affinity of the 
danazol-estrogen receptor interaction is so weak that 
we do not believe this interaction has any clinical sig- 
nificance.® Danazol interacts with glucocorticoid recep- 
tors, and preliminary evidence suggests that it is a glu- 
cocorticoid agonist.® 

Danazol binds to intranuclear progesterone recep- 
tors, but its effects in bioassays for progesterone are 
exceedingly complex. In some bioassays, danazol in- 
duces secretory changes in the endometrium. This 
would suggest that danazol is a progesterone agonist. 
However, in other systems, danazol is able to block the 
effect of progesterone in the Clauberg assay (test sub- 
stance given to estrogen-primed immature rabbits and 
endometrial histologic studies performed to assess se- 
cretory changes). This finding suggests that danazol is 
antiprogestational. Given these diverse bioassay find- 
ings, it may be best to classify danazol as a mixed 
agonist-antagonist with respect to the progesterone re- 
ceptor system. 

In summary, danazol is an androgen and glucocor- 


ticoid agonist and a mixed agonist-antagonist with re- 


spect to the progesterone receptor system. Danazol’s 
poor binding to estrogen receptors suggests that it has 
no direct effects in this receptor system. 

Interaction. of danazol with sex hormone—binding 
globulin and corticosteroid-binding globulin. Dan- 
azol has been reported to displace testosterone from 
sex hormone~binding globulin and cortisol from 
corticosteroid-binding globulin. Of these two interac- 
tions, the most important interaction of danazol is with 
sex hormone—binding globulin. In normal women, ap- 
proximately 60% of circulating testosterone is bound 
to sex hormone—binding globulin and is biologically 
“inactive.”!! Conversely, 40% is not bound to sex 
hormone-binding globulin and is biologically active. 
In women taking danazol, 20% of circulating testos- 
terone is bound to sex nermene binging globulin and 
is biologically “ inactive.” Conversely, 80% is not bound 
to sex hormone~binding globulin and is biologically 
active.’ A portion of the androgenic properties of 
danazol in the human may be the result of increases in 
bioavailable androgens caused by danazol. 


Integrated endocrine pharmacology of danazol 

As noted above, danazol interacts with a large num- 
ber of proteins. Not surprisingly, this lack of “molecular 
specificity” results in an agent that can produce major 
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effects on the hypothalamus, pituitary gland, ovary, 
adrenal gland, uterus, liver, skin, larynx, and immune 
system. 

Hypothalamus and pituitary glands. The effects of 
danazol on gonadotropin-releasing hormone, lutein- 
izing hormone, and follicle-stimulating hormone se- 
cretion remain controversial. Most studies suggest that 
danazol therapy produces a small decrease in circulat- 
ing follicle-stimulating hormone and a small increase 
in circulating luteinizing hormone.‘ It is clear that dan- 
azol therapy blocks ovulation in a dose-dependent man- 
ner. However, part of this effect may be the result of 
a direct effect of danazol on the ovary, preventing the 
development of a dominant follicle and thereby abol- 
ishing the midcycle luteinizing hormone and follicle- 
stimulating hormone surge. 

Danazol and the endometrium. Acting as an andro- 
gen agonist, danazol directly suppresses the growth of 
endometrial and endometriotic tissue. This effect, cou- 
pled with danazol’s lack of estrogenic properties, facil- 
itates the androgen-mediated inhibition of endometrial 
growth leading to atrophy of endometriotic implants. 

Danazol and ovarian follicles. Developing ovarian 
follicles contain estrogen, androgen, and progesterone 
receptors. Although the functional role of these recep- 
tors has not been fully characterized, stimulation of 
granulosa cell androgen receptors appears to cause an 
increase in progesterone production. This suggests that 
androgen stimulation of ovarian follicles may cause 
premature luteinization. Thus danazol may interfere 
with the development of the dominant ovarian follicle 
by interacting directly with the androgen receptor 
system and indirectly by effects on the hypothalamic- 
pituitary axis. In addition, danazol inhibits steroido- 
genesis in the developing follicle. Inhibition of follic- 
ular estrogen production may reduce follicular growth 
potential. 

Danazol and central metabolism. Danazol’s andro- 
genic properties result in significant decreases in high- 
density lipoprotein cholesterol and increases in low- 
density lipoprotein cholesterol levels in women receiv- 
ing the drug.’ Cholesterol levels return to normal 
within 1 to 5 months after the cessation of danazol 
therapy. In women receiving danazol a mild insulin 
resistance has been documented. 

Danazol and liver proteins. The androgenic prop- 
erties of danazol result in marked changes in the pro- 
duction rate of several hepatic proteins. Danazol ther- 
apy increases the circulating concentration of preal- 
bumin, C1 esterase inhibitor, haptoglobin, transferrin, 
antithrombin III, prothrombin, and plasminogen. It 
decreases the production of sex hormene—binding 
globulin and thyroid-binding globulin, leading to rel-* 
ative increases in unbound testosterone ahd Thy- 
roxine.” J 
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Danazol and the immune system. Danazol’s gluco- 
corticoid properties suggest that danazol might interact 
with the immune system. Hill et al.“ reported that con- 
centrations of danazol similar to those present in the 
circulation of women treated daily with 600 mg of dan- 
azol inhibit lymphocyte proliferation in cultures acti- 
vated by T cell mitogens. Additional in vivo work needs 
to be performed to assess the effects of danazol on the 
immune system. l 

Metabolites of danazol. Further complicating the en- 
docrine pharmacology of danazol is the fact that dan- 
azol is metabolized to more than 60 different metab- 
olites. One of the major metabolites of danazol is ethinyl 
testosterone. This steroid is known to be both a pro- 
gestogen and a weak androgen. Ethinyl testosterone is 
a relatively effective inhibitor of pituitary luteinizing 
hormone and follicle-stimulating hormone secretion. 
The large number of metabolites of danazol and the 
unique biologic properties of some of these metabolites 
suggest that an understanding of the actions of danazol 
itself may not reflect the total effects of this drug. 

How does danazol work? An acyclic, high-androgen, 
low-estrogen environment is extremely hostile to the 
growth of endometriotic tissue. Danazol produces a 
high-androgenic environment because it is inherently 
androgenic and it both decreases the production of sex 
hormone—binding globulin and displaces testosterone 
from sex hormone-binding globulin, resulting in an 


increase in free testosterone. A high-androgen envi- ` 


ronment directly inhibits the growth of the endome- 
trium. Danazol produces a low-estrogen environment 
by inhibiting follicular growth through direct actions 
on the ovary and the hypothalamic pituitary axis. The 
low-estrogen, high-androgen environment created by 
danazol is hostile to the growth of endometriotic tissue. 
In addition, the acyclic endocrine environment pro- 
duced by danazol minimizes the chance of menstrua- 
tion. This prevents the “réseeding” of the peritoneum 
with new implants of endometrium. The acyclic en- 
docrine environment may also decrease pelvic pain by 
inhibiting bleeding in the endometriotic implants. 


Molecular pharmacology of nafarelin 


Gonadotropin-releasing hormone is a decapeptide 
produced by the arcuate nucleus of the hypothalamus. 
Gonadotropin-releasing hormone can be metabolized 
by pituitary endopeptidases (cleavage at positions 5-6 
and 6-7) and carboxyamide peptidase (cleavage at po- 
sition 9-10). These degradative steps inactivate the mol- 
ecule and are responsible for the short, 2- to 8-minute 
half-life of gonadotropin-releasing hormone. Nafarelin 
acetate is an analog of gonadotropin-releasing hor- 
mone in which the sixth amino acid of gonadotropin- 
releasing hormone (L-glycine) is replaced by a p-alanine 
substituted in position 2 by a naphthyl grouping. 
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This change results in a gonadotropin-releasing hor- 
mone analog with high affinity for the gonadotropin- 
releasing hormone receptor and a very long half-life 
(240 minutes). Because of gonadotropin-releasing hor- 
mone the long half-life and enhanced potency of the 
gonadotropin-releasing hormone analog nafarelin, ad- 
ministration of this compound results in the pro- 
longed and continuous occupancy of the pituitary 
gonadotropin-releasing hormone receptor. The effects 
of nafarelin administration are similar to the effects 
of a continuous high-dose infusion of gonadotropin- 
releasing hormone. Nafarelin administration results in 
an initial phase in which there is release of luteinizing 
hormone and follicle-stimulating hérmone. This is fol- 
lowed by a protracted state of decreased gonadotropin 
secretion. The second phase of this action of nafarelin 
ultimately leads to a hypogonadal state, with a marked 
decrease in ovarian estrogen production. The mecha- 
nism by which nafarelin produces an initial agonist ef- 
fect (initial release of luteinizing hormone and follicle- 
stimulating hormone) and then produces a paradoxical 
and marked decrease in luteinizing hormone and 
follicle-stimulating hormone secretion is not known at 
the molecular level. Two proposed mechanisms are 
desensitization and down-regulation. Desensitization 
refers to an uncoupling of the activated gonadotropin- 
releasing hormone receptor from the intracellular me- 
diators of signal transduction. Down-regulation refers 
to a decreased number of unoccupied cell-surface 
gonadotropin-releasing hormone receptors. 

In contrast to danazol, the only protein with which 
nafarelin interacts is the pituitary gonadotropin- 
releasing hormone receptor. The decrease in pituitary 
luteinizing hormone and follicle-stimulating hormone 
secretion produced by nafarelin results in a. decrease 
in ovarian estradiol and progesterone production, Vir- 
tually all of the effects of nafarelin are caused by the 
decrease in ovarian estradiol and progesterone pro- 
duction. 


Integrated endocrine pharmacology of nafarelin 

As noted previously, nafarelin truly displays “mo- 
lecular specificity,” interacting with the pituitary 
gonadotropin-releasing hormone receptor and few 
other proteins. In contrast, danazol interacts with at 
least a dozen proteins, including enzymes of steroido- 
genesis, multiple classes of steroid receptors, and cir- 
culating steroid-binding proteins. The endocrine phar- 


_macology of nafarelin is best understood by comparing 


it with danazol. 

Nafarelin and the hypothalamic pituitary axis. 
Nafarelin produces an initial increase in pituitary lu- 
teinizing hormone and follicle-stimulating hormone 
secretion. The decrease in luteinizing hormone and 
follicle-stimulating hormone secretion results in the 
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suppression of ovarian follicular activity and decreased 


estradiol and progesterone production: 
Nafarelin and central metabolism. Danazol pro- 


duces a 50% decrease in high- density lipoprotein cho-- 


lesterol and a 20% increase in low-density lipoprotein 
cholesterol levels. In contrast, nafarelin produces min- 
imal changes in circulating high-density lipoprotein or 
low-density lipoprotein cholesterol levels.’ l 

Nafarelin and bone metabolism. 
ment produces a hypoestrogenemic state. Therefore it 
is not surprising that nafarelin may have an effect on 
bone metabolism. Preliminary results suggest that na- 


farelin therapy is associated with a small but significant. 


decrease in trabecular bone density.” Termination of 
nafarelin therapy and resumption of ovarian estradiol 
production appears to result in return of trabecular 
bone density to near-normal values. In contrast to na- 
farelin treatment, danazol therapy results in no signif- 
icant changes in bone density. 

Clinical efficacy of nafarelin. A study by: Henzl 


et al.'® demonstrated that danazol and nafarelin ther- . ` 


apy have similar degrees of efficacy with regard to the 
ability to decrease pelvic pain and laparoscopically de- 


rived American Fertility Society endometriosis scores. __ 
Nonetheless, the clinical profiles of women taking dan- 


azol appear to be quite different from those of women 
taking the gonadotropin-releasing hormone agonist. 
Specifically, patients treated with danazol tend to have 
a greater degree of weight gain and bloating than have 
women treated with nafarelin. Furthermore, women 
treated with danazol have a higher incidence of deep- 
ening of the voice, acne, oily skin, and unwanted growth 
of facial hair. In contrast, the gonadotropin-releasing 
hormone agonists tend to be associated with a higher 
incidence of hot flashes, vaginal dryness, and decreased 
libido. j 
In summary, future fedea should shed more light 
on the pharmacologic profiles of both danazol and the 
gonadotropin-releasing hormone agonists., The results 
of such investigations may help to determine the op- 
timal therapy for the management of women with en- 
dometriosis. 
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Nafarelin versus danazol in the treatment of endometriosis 


Rune Rolland, MD, PhD, and P. F. M. van der Heijden, MD 


Nijmegen, The Netherlands 


A double-blind, double-dummy, 6-month multicenter study comparing the effects of nafarelin and danazol 
in the treatment of endometriosis was completed recently by investigators from 13 institutions in seven 
European countries. The 194 patients (aged 18 to 45 years) selected for the study were divided into two 
groups. One group received nafarelin, 200 pg twice daily, and placebo capsules identical to danazol, twice 
daily. The other group received danazol capsules, 200 mg twice daily, and a placebo nasal spray identical 
to nafarelin, twice daily. A comparison of decreases in both groups of American Fertility Society 
endometriosis scores and in severity scores developed by the investigators indicates that nafarelin and 
danazol are equally effective in the treatment of endometriosis. (Am J OBsTET GYNECOL 1990;162:586-8.) 


Key words: Danazol, endometriosis, nafarelin 


This study was conducted to assess the efficacy of 
nafarelin, a substitute decapeptide and gonadotropin- 
releasing hormone agonist, in the treatment of endo- 
metriosis and to compare the effects of nafarelin with 
those of danazol, a substitute steroid hormone used in 
established medical therapy for endometriosis.’ ? The 
following parameters were evaluated: (1) arrest of the 
spread or reduction of the size and number of endo- 
metriotic foci as seen on laparoscopy, (2) decrease in 
clinical symptoms associated with endometriosis (i.e., 
pelvic pain, dyspareunia, and dysmenorrhea) and re- 
duction of pelvic induration and tenderness found on 
gynecologic examination, (3) induction of hypoestro- 
genism and amenorrhea, and (4) overall assessment by 
the physicians and patients of the results of therapy. 


Material and methods 


Investigators studied 194 patients with endometriosis 
from 13 medical centers in seven European countries* 
in a 6-month study that was conducted according to a 
parallel, randomized, double-blind, double-placebo de- 
sign, with danazol used as an active control. 

The criteria for patient selection were age between 
18 and 45 years; body weight between 45 and 110 kg; 
menstrual cycles of 24 to 36 days (for 4 months before 
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the study); pelvic pain, dyspareunia, dysmenorrhea, or 
infertility; endometriosis confirmed by laparoscopy or 
laparotomy; agreement to use barrier contraception 
during the study; negative pregnancy test result; neg- 
ative Papanicolaou smear; and informed consent. 
Exclusion criteria included the presence of amen- 
orrhea, interfering concurrent diseases, surgical treat- 
ment for endometriosis at baseline laparoscopy or 
within 6 months before the study, gonadal hormone or 
danazol use within 3 months before the study, or si- 
multaneous participation in another clinical trial. 
Patients selected for the study were scored for the 
severity of endometriosis according to the American 
Fertility Society classification system* and by means of 
a severity score profile developed by the investigators. 
With this profile, each patient was given a score of from 
0 to 3 points for each of five symptoms: dysmenorrhea, 
dyspareunia, pelvic pain, uterine immobility, and pelvic 


: tenderness. On the basis of the total of these scores, 


each case of endometriosis was rated mild (1 to 2 
points), moderate (3 to 5 points), severe (6 to 10 points), 


or very severe (11 to 15 points). 


These scores provided a basis for dividing the pa- 
tients into two groups: those with minimal or mild 


. endometriosis-and those with moderate and severe 


disease. ay eee 

Patients were then randomized for drug therapy. Of 
the 194 women who were initially enrolled in the study, 
two thirds (127 patients) received nafarelin 2.0 mg/ml 
nasal spray, 200 tig twice daily, and placebo capsules 
identical to danazol, twice daily. The remaining one 
third of the patients (67 patients) received danazol cap- 
sules, 200 mg twice daily, and a placebo nasal spray 
apparently identical to nafarelin, twice daily. 

Patients were seen in the outpatient departments of 
the participating clinics at 2-week intervals for 1 month 
and on a monthly basis thereafter until the completion 
of treatment. Patients also kept a diary, recording the 


wk 
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date and duration of any vaginal bleeding, the occur- 
rence of hot flashes, and the date of any missed doses. 
These diary records were discussed with investigating 
physicians at each follow-up session, during which the 
effects of the drug taken by the patient were evaluated. 
Evaluation methods included medical history and phys- 
ical examination, pelvic examination, Papanicolaou 
smear, Clinical laboratory tests, serum estradiol, preg- 
nancy test, laparoscopy, patient diary records, symptom 
severity profile, assessment of menstrual bleeding pat- 
tern, overall assessment by the investigating physician 
of disease regression, and overall assessment by the 
patient of the acceptability of treatment. 

Treatment was stopped prematurely by 20 (15.8%) 
patients in the nafarelin group and 4 (6%) in the dan- 


azol group. Of these, investigators attributed the ter- ` 


mination of treatment to adverse events in seven 
women taking nafarelin and in two taking danazol. 

Intercurrent illness led to discontinuance by one 
woman in the nafarelin group and two in the danazol 
group. The other patients who withdrew from the 
study prematurely were from the nafarelin group: 
three patients withdrew from the study for personal 
reasons, three were lost to follow-up, one withdrew 
because of lack of drug efficacy, and five withdrew for 
other reasons. A total of 107 patients in the nafarelin 
group and 63 patients in the danazol group continued 
treatment for the duration of the study. 


Results 


The American Fertility Society scores and endome- 
triosis severity scores of patients in both the nafarelin 
and danazol groups showed a considerable decrease as 
a result of treatment. For the nafarelin group a total 
American Fertility Society score of approximately 14.5 
before treatment dropped to approximately 7 at the 
end of 6 months. The pretreatment American Fertility 
Society score of 17 for patients taking danazol fell to 
about 8.5 after treatment. The decrease is highly sig- 
nificant for both groups, but there is no ne 
difference between the two groups. 

For the investigators’ endometriosis severity score, 
the mean decrease was more than 60% for both groups. 
Again, the difference between the two groups was not 
significant (Fig. 1). 

Similarly, the distribution of American Fertility So- 
ciety staging before and after treatment revealed that 
a significant percentage of women with moderate or 
severe endometriosis before treatment had mild or no 
signs after treatment with either nafarelin or danazol. 
In fact, 24% of patients in the nafarelin group and 22% 
in the danazol group had no signs of endometriosis 
after treatment. 

The investigators’ symptom severity scores also 
dropped after 6 months for both the nafarelin and 


Nafarelin versus danazol in endometriosis 587 







60 
Nafarelin 


YA At admission 


50 E3 At 6 months 
A p <.0001 
S 40 
w 
à 
© 30 
© 
a 
E 20 
Z 
10 
None Mild Moderate Severe Very 
Severe 
0 1-2 3-5 6-10 11-15 
Symptom Severity Score 
40 
Danazol [Z At admission 
EJ At 6 months 
p <.0001 
2 
[= 
2 
w 
A 
© 
© 
a 
E 
= 
zZ 





Nano - Mild Moderate Severe Very 

Severe 

0 1-2 3-5 6-10 11-15 
Symptom Severity Score 


Fig. 1. Distribution of patients by endometriosis symptom se- 
verity scores before and after treatment with nafarelin or 
danazol. l 


danazol groups. There were no symptoms in 57% of 
the patients in the nafarelin group or 48% of patients 
in the danazol group. 

Adverse effects probably related to treatment by na- 
farelin or'danazol (Table I) included hot flashes, vaginal 
dryness, decreased libido, insomnia, headache, acne, 
myalgia, and nervousness, with patients taking danazol 
having these symptoms to a lesser degree. Only the 
patients in the danazol group had asthenia, gastroin- 
testinal pain, or rash. : 

As a result of the 6-month regimen, both the nafar- 
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Table I. Adverse effects probably related to treatment with either nafarelin or danazol 






Nafarelin 





Side effect 
Hot flashes 106 
Vaginal dryness 20 
Decreased libido 18 
Insomnia 14 
Headache 13 
Acne . 7 
Myalgia 4 
Nervousness 3 
Asthenia 0 
Gastrointestinal 0 
pain 
Rash 0 


elin and danazol groups had a sharp decrease from 
baseline values of serum estradiol concentration, to ap- 
proximately 55% of the initial value determined in the 
early follicular phase of the menstrual cycle. Also, there 
was no difference between the two groups with respect 
to the number of women with amenorrhea or the length 
of time until amenorrhea developed. 

Among patients taking danazol, there was a small but 
significant increase of 4.9 mm Hg in systolic blood pres- 
sure (p < 0.05); for patients in the nafarelin group a 
0.6 mm Hg decrease was observed. Diastolic blood pres: 
sure also tended to increase in the danazol group and 
decrease in the nafarelin group, and these differences 
between the two groups were significant. In addition, 
a mean weight gain of 2.7 kg in the danazol group 
contrasted with virtually, no change in the nafarelin 
group. 

Because several laboratories were involved in this 
study, changes in laboratory values can best be sum- 
marized as mean changes from baseline values. An in- 
crease in total cholesterol levels was seen in both 
groups: specifically, danazol increased low-density li- 
poprotein cholesterol levels and decreased high-density 
lipoprotein cholesterol levels, whereas nafarelin in- 
creased high-density lipoprotein cholesterol and had 
little or no effect on low-density lipoprotein choles- 
terol levels. The increase in aspartate aminotrans- 
ferase was twice as much for the danazol group as 
for the nafarelin group. Alkaline phosphatase in- 
creased significantly (by 20.5%) in the nafarelin group 
compared with a decrease of 6.9% in the danazol 
group. This highly significant difference probably is 
the result of the increase in bone metabolism typically 
seen in women receiving gonadotropin-releasing hor- 
mone agonist therapy.‘ 


Danazol 


45 70 0.001 
6 9 0.268 
2 3 0.013 
4 6 0.306 
7 10 1.000 
4 6 1.000 
9 9 0.097 
6 9 0.066 
5 7 0.004 
4 6 0.013 
4 6 0.013 

Comment 


Based on decreases in symptoms and laparoscopic 
scores, nafarelin and danazol, in the dosages used in 
this study, are equally effective in the treatment of en- 
dometriosis. These results are in agreement with the 
study by Henzl et al.* The adverse effects of nafarelin 
treatment (amenorrhea, hot flashes, vaginal dryness, 
and decreased libido) are related to the hypoestroge- 
nemic state. Patients treated with danazol have the same 
symptoms to a lesser degree and have more complaints 
of myalgia, nervousness, asthenia, and gastrointestinal 
pain. Danazol treatment also results in a significant in- 
crease in body weight. 

Therefore nafarelin, along with other gonadotropin- 
releasing hormone agonists,° is a welcome addition to 
the available medical treatment regimens for women 
suffering from endometriosis. 
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Effects of nafarelin versus danazol on lipids and 


calcium metabolism 


Christer Bergquist, MD 
Falun, Sweden 


This 6-monih clinical trial with an additional 12-month follow-up compared the effects of treatment with the 
gonadotropin-releasing hormone agonist nafarelin and the androgenic agent danazol on lipids and calcium 
metabolism in women with endometriosis. Of the 23 women who completed the double-blind, 
double-dummy study, 15 were treated with nafarelin and 8 with danazol. investigators observed the effects 
of both agonists on estradiol levels, American Fertility Society endometriosis scores, and side effects. 
Results indicate that nafarelin seems to be a good alternative to other medications for the treatment of 
endometriosis and has an acceptable side-effect profile, including metabolic effects. (Am J OBSTET 


GYNECOL 1990;162:589-91.) 


Key words: Nafarelin, Danazol, lipids, calcium metabolism 


An understanding of the nature and extent of met- 
abolic changes accompanying drug treatment of en- 
dometriosis is essential to the evaluation of alternative 
medications. This clinical trial was designed to compare 
changes in bone and lipid metabolism that can accom- 
pany therapy with the gonadotropin-releasing hor- 
mone agonist nafarelin and the androgenic agent 
danazol. 


Material and methods 


This trial was part of a multicenter, double-blind, 
double-dummy study consisting of a 6-month treat- 
ment period and 12 months of follow-up. In this subset 
of 24 patients with endometriosis, one dropped out 
because of intercurrent disease after 1 month of treat- 
ment. Of the 23 patients who remained, 15 were treated 
with nafarelin, 400 wg/day, and 8 received danazol, 600 
mg/day. Patients in the nafarelin group had a mean 
age of 33.9 years and a mean weight of 59.9 kg. The 
mean age of the patients taking danazol was 32.6 years, 
and the mean weight of these women was 58.3 kg. 


Results 


Mean estradiol levels for both the nafarelin and dan- 
azol groups dropped sharply (to the 125 to 175 
pmol/L range) during the first month of treatment and 
fluctuated only slightly during the following 5 months. 
The difference between the two groups was not sig- 
nificant. During the 12-month follow-up period, estra- 
diol levels for both groups returned to pretreatment 
levels in about 45 days. During the remainder of the 
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follow-up period, estradiol levels for the nafarelin 
group fluctuated slightly above and below the average 
pretreatment level. In contrast, mean scores for the 
danazol group continued to rise; at the conclusion of 
the follow-up period they were about 20% higher than 
they had been before treatment. 

There was a reduction of American Fertility Society 
endometriosis severity scores for both the nafarelin and 
danazol groups. This parallel reduction was significant, 
notwithstanding the low number of patients partici- 
pating in the study. During the follow-up period, four 
of the women in the nafarelin group and three women 
in the danazol group had symptoms of recurrent en- 
dometriosis. 

Women in both groups had side effects. For women 
in the nafarelin group, these reactions were of hy- 
poestrogenic origin (i.e., hot flashes and vaginal dry- 
ness). Women who received nafarelin had hot flashes 
approximately 20 days a month, in contrast to the 
women taking danazol, who had hot flashes only 2 or 
3 days a month. 

Side effects in women in the danazol group were 
primarily of androgenic origin and included weight 
gain, mood swings, oily hair and skin, and constipation. 

Women taking nafarelin resumed menstruation after 
45 days, compared with 35 days for those in the danazol 
group. Of the 15 women taking nafarelin, eight wished 
to conceive. Three have conceived thus far and have 
had full-term uneventful pregnancies. Four of the eight 
women in the danazol group wished to conceive, but 
none has done so as yet. 

With respect to lipids, one of the most significant 
measurements made during the study period was that 
required to determine the so-called atherogenic index, 
which is the ratio of total cholesterol minus high-density 
lipoprotein cholesterol to high-density lipoprotein cho- 
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Fig. 1. Atherogenic index* during 6-month treatment with nafarelin, 400 jxg/day, or danazol, 600 


mg/day. Data are mean + SEM. 
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Fig. 2. Ratio of urinary calcium/urinary creatinine during 6-month treatment with nafarelin, 400 
ug/day, or danazol, 600 mg/day. Data are mean + SEM. 


lesterol (Fig. 1). This index may be a good indicator of 
future risk of developing heart disease. There was no 
change in the index for nafarelin-treated women, but 
a significant increase was seen in the group treated with 
danazol. 

In nafarelin-treated women, no change was observed 
in low-density lipoprotein and high-density lipoprotein 
cholesterol levels during the 6-month study. Danazol- 
treated women, however, had an increase in low-density 
lipoprotein levels and a decrease in high-density lipo- 
protein levels. Further analysis of lipid and lipoprotein 
changes is needed. Lipid metabolism is sensitive to 
changes in gonadal steroid levels and may be a good 
indicator of overall metabolic effects. 

There were no significant changes in bone density 


among patients in either the nafarelin or the danazol 
group. A trend toward a decrease in both groups was 
observed (i.e., after 6 months of treatment, bone den- 
sity decreased by about 1%). Nevertheless, during the 
follow-up period, the measurement returned to pre- 
treatment levels. 

There were significant differences between the two 
groups in the urinary-calcium/urinary-creatinine ratio, 
which may be a parameter of bone turnover but does 
not provide any information on the quantity of bone 
loss (Fig. 2). The ratio increased significantly in the 
nafarelin group after 6 months of treatment and then 
returned to normal 3 months after treatment ceased. 

Another difference between the two groups 
was found in the urinary-hydroxyproline/urinary- 
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creatinine ratio, which is an indicator of bone-mass re- 
sorption that is not affected by diet. There were in- 
creased levels in the nafarelin group and no change in 
the danazol group. Calcium metabolism data appear to 
be good overall qualitative indicators of bone mass dur- 
ing gonadotropin-releasing hormone agonist treat- 
ment. Nonetheless, the specificity and usefulness of var- 
ious methods of bone measurements are controversial, 
particularly with respect to the evaluation of bone den- 
sity changes during short-term drug treatment. 


Comment 


Based on the results of a previous large American 
study’ and this subset of patients from a European mul- 
ticenter study, nafarelin seems to be an effective alter- 
native to other medications used to treat endometriosis. 


Nafarelin versus danazol: metabolic factors 


Moreover, the gonadotropin-releasing hormone ago- 
nist has a satisfactory side-effect profile, including an 
acceptable degree of metabolic side effects. 
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Effects of nafarelin on bone density 


Jan B. Jacobson, MD 
Södertälje, Sweden 


The effects of the gonadotropin-releasing hormone analog nafarelin on bone metabolism during treatment 
of premenopausal women for endometriosis were evaluated in two studies, both of which involved 6 
months of medication followed by 6 months without medication. With low doses of nafarelin (200 g/day), 
bone mineral measurements remained constant, whereas with high doses of the drug (400 g/day) bone 
mineral levels decreased significantly. Within 6 months after treatment was stopped, however, bone 
mineral measurements returned to normal levels. Both dosages of nafarelin resulted in significant 
increases in bone resorption, but these determinations also returned to pretreatment values after drug 
therapy was stopped. In the second study, patients treated with nafarelin, 400 g/day, and norethindrone, 
4.2 mg/day, did not lose significant amounts of bone mineral during the treatment period. (AM J OBSTET 


GYNECOL 1990;162:591-2.) 


Key words: Nafarelin, norethindrone 


The treatment of endometriosis with the 
gonadotropin-releasing hormone analog nafarelin is 
associated with hypoestrogenic side effects that may 
have a significant impact on bone metabolism.''? The 
extent to which dosage affects bone mineral levels and 
bone resorption and the effects of adding norethin- 


drone to nafarelin were examined in two studies. 
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Material and methods 


In a study’ of 25 women between 19 and 25 years of 
age, all subjects had regular menstrual bleeding and 
were in good health except for a diagnosis of endo- 
metriosis confirmed by laparoscopy and biopsy. Sixteen 
of these women were treated with a low dose of nafar- 
elin (200 wg/day) and nine women were given a 400 
mg/day regimen of the gonadotropin-releasing hor- 
mone analog. 

In a second study’ of 37 women, 17 patients with 
endometriosis who received nafarelin, 400 pg/day, and 
norethindrone, 1.2 mg/day, were compared with a con- 
trol group of 20 otherwise healthy premenopausal 
women who received no treatment. 
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Fig. 1. Change in bone mineral content in patients taking 
nafarelin, 400 g/day, or nafarelin, 400 g/day, plus noreth- 
indrone, 1.2 mg/day. The unshaded bar indicates the biologic 
variation in changes during 1 year, as calculated from the 
control group. (Redrawn from Riis BJ, et al. Is it possible to 
prevent bone loss in young women treated with LH-RH ag- 
onists? J Clin Endocrinol Metab.) 


In both studies all participants underwent an initial 
examination to establish baseline values of bone mass 
and mineral content. Treatment was started immedi- 
ately afterward and continued for 6 months. Investi- 
gators conducted 6 months of follow-up after medi- 
cation was discontinued. 

Two types of bone measurements were made in both 
studies. Bone mineral content in each forearm was mea- 
sured by single-photon absorptiometry (accurate to 
within 1% to 2%), which determines bone-mass content 
in the proximal and distal regions of the distal third of 
the forearm. Bone mineral density in the lumbar spine 
(vertebrae L2 to L4) was measured by dual-photon ab- 
sorptiometry (accurate to within 3% to 4%) before treat- 
ment, at the end of 6 months of treatment, and at the 
end of the 6-month follow-up period. 

In the second study, patients treated with the com- 
bination of nafarelin and norethindrone also were as- 
sessed for total bone mineral content, which was mea- 
sured with dual-photon absorptiometry on a whole- 
body scanner. 

In both studies, at the same times that bone mea- 
surements were made, fasting (including abstinence 
from tobacco} blood and urine samples were collected. 
Plasma bone gla-protein, serum alkaline phosphatase, 
fasting urinary calcium and creatinine, and fasting uri- 
nary hydroxyproline values were also measured. 
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Results 


In the first study, bone mineral measurements re- 
mained constant in patients receiving 200 pg/day of 
nafarelin but decreased significantly, by 2% to 6%, after 
6 months of treatment in patients receiving 400 
g/day of nafarelin. Biochemical estimates of bone re- 
sorption and formation indicated that both dosages 
were accompanied by a significant increase in post- 
menopausal levels of all variables after 6 months of 
treatment. There were no dose-dependent changes in 
these estimates. 

After withdrawal of treatment with nafarelin only, 
a decrease in bone resorption parameters was seen, 
However, bone formation parameters (i.e., plasma 
bone gla-protein and serum alkaline phosphatase) 
remained high 3 months after therapy. Six months 


` after termination of treatment, both plasma bone gla- 


protein and serum alkaline phosphatase levels were 
similar to pretreatment levels. 

In contrast to patients treated with 400 g/day of 
nafarelin alone, those in the second study who received 
this dosage in combination with norethindrone did not 
lose significant amounts of bone material during the 
treatment period (Fig. 1). After 6 months of treatment, 
bone measurements in all subjects returned to values 
not significantly different from baseline values. 


Comment 


Nafarelin-induced hypoestrogenemia may affect 
bone metabolism. Bone resorption is most pronounced 
in sites with a high trabecular bone content. The studies 
described above indicate that the effects of the medi- 
cation on bone metabolism are reversible and may re- 
turn to pretreatment levels within 6 months after treat- 
ment is stopped. 

The addition of norethindrone to nafarelin treat- 
ment influences bone formation and bone resorption 
in such a way that calcium bone balance is maintained 
even during treatment. Therefore it appears that small 
doses of norethindrone should be added when endo- 
metriosis is treated with a gonadotropin-releasing hor- 
mone analog. 


REFERENCES 


1. Cann CE, Henzl M, et al. Reversible bone loss is produced 
by the GnRH agonist nafarelin. In: Calcium regulations 
and bone metabolism. Amsterdam: Elsevier Science Pub- 
lishers, 1987:123. 

2. Christiansen C, Christiansen MS, Tranbél I. Bone mass 
in postmenopausal women after withdrawal of oestro- 
gen/gestagen replacement therapy. Lancet 1981;1:459-61. 

3. Johansen JS, Riis BJ, Hassager C, et al. The effect of a 
gonadotropin-releasing hormone agonist analog (nafare- 
lin) on bone metabolism. J Clin Endocrinol Metab 1988;67: 
701-6. 

4. Riis BJ, Christiansen C, Johansen JS, et al. Is it possible to 
prevent bone loss in young women treated with LH-RH 
agonists? J Clin Endocrinol Metab (in press). 


Gonadotropin-releasing hormone agonists and 
estrogen-progestogen replacement therapy 


Robert L. Barbieri, MD 
Boston, Massachusetts 


Gonadotropin-releasing hormone agonists are effective in the treatment of endometriosis and myomas, 
both of which are estrogen-dependent processes, but there is a high clinical recurrence rate after therapy 
is discontinued. Long-term continuous therapy (2 years or more) has a cumulative effect on bone loss and 
causes other uncomfortable or harmful side effects. Noninvasive assessments of disease response in 
patients with myomas have shown that bone changes might be prevented and other side effects of 
long-term therapy can be alleviated by adding back small amounts of estrogen or progestin. No 
comparable data are available for patients with endometriosis because the need for repeated laparoscopy 
has made long-term studies impractical. Nevertheless, a short-term study of patients with endometriosis 
showed that adding small amounts of progestin during treatment with a gonadotropin-releasing hormone 
agonist may help prevent bone changes. (Am J OssTET GYNECOL 1990;162:593-5.) 


Key words: Endometriosis, estrogen-progestogen replacement, myomas 


Endometriosis and leiomyoma uteri (myomas) are 
two common gynecologic diseases that are estrogen de- 
pendent. Phase III clinical trials have demonstrated 
that gonadotropin-releasing hormone agonists are ef- 
fective in the treatment of both endometriosis' and my- 
omas.” However, for both diseases there is a high clinical 
recurrence rate after therapy is discontinued. Long- 
term gonadotropin-releasing hormone agonist therapy 
(2 years or more) is probably not safe because it results 
in a cumulative loss of trabecular bone similar to that 


seen in women who have undergone oophorectomy. - 


However, recent preliminary evidence suggests that 
small amounts of estrogen or progestin can be com- 
bined with long-term gonadotropin-releasing hormone 
agonist therapy to treat myomas or endometriosis with- 
out causing cumulative loss of trabecular bone. These 
studies are reviewed in this report. 

Our first study was designed to test the hypothesis 
that medroxyprogesterone acetate could be combined 
with a gonadotropin-releasing hormone agonist to treat 
myomas.’ Previous studies had already demonstrated 
that treatment of women with myomas for 6 months 
with a gonadotropin-releasing hormone agonist re- 
sulted in amenorrhea in many of the women and a 20% 
to 60% decrease in uterine volume.” However, loss of 
trabecular bone probably occurred in these women 
with severe hypoestrogenemia, many of whom com- 
plained of hot flashes. Medroxyprogesterone acetate at 
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oral doses of 20 mg/day has previously been demon- 
strated to ameliorate the frequency and severity of hot 
flashes® and can probably decrease the rate of loss of 
trabecular bone in women with hypoestrogenemia.® 
Therefore medroxyprogesterone acetate appeared to 
be a reasonable progestin to use in combination with a 


` gonadotropin-releasing hormone agonist. 


The study design was randomized with a placebo 
control for medroxyprogesterone acetate. Sixteen 
women with uterine myomas were randomized to re- 
ceive leuprolide acetate (0.5 mg/day subcutaneous in- 
jections) plus a placebo (group A) or leuprolide acetate 
plus medroxyprogesterone acetate (20 mg/day orally) 
(group B) for 6 months.’ Patients in group A had a 
significant reduction in uterine size from a pretreat- 
ment volume of 60] + 62 cm? to a mean uterine vol- 
ume of 294 + 46cm? (p < 0.01). This represents a 51% 
decrease in uterine volume. Patients in group B had 


_ no significant reduction in uterine volume during the 


course of treatment. In group B only one of nine pa- 
tients reported hot flashes. In contrast, in group A 
seven of seven patients reported hot flashes. Both 
groups A and B demonstrated significant increases in 
mean hemoglobin concentrations, hematocrit levels, 
and serum iron levels at the completion of therapy. This 
study demonstrated that the addition of medroxypro- 


-gesterone acetate to treatment with the gonadotropin- 


releasing hormone agonist leuprolide acetate did de- 
crease the occurrence of hot flashes, but it also blocked 
the beneficial effect of the gonadotropin-releasing hor- 
mone agonist on reduction in uterine volume. 

A critical flaw in the medroxyprogesterone acetate— 
leuprolide acetate study was that both drugs were 
started simultaneously. Friedman’ has recently re- 
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ported the results of a preliminary study that suggests 
that the timing of the addition of the replacement ste- 
roid may be important. Friedman treated five women 
with uterine myomas by administering subcutaneous 
injections of leuprolide acetate, 0.5 mg/day, for 3 
months. The uterine volume before treatment was 
340 + 98 cm’. At the completion of 3 months of leu- 
prolide acetate, all women had hot flashes and amen- 
orrhea, and the uterine volume had decreased to 
175 + 35 cm’. At this time a steroid add-back regimen 
was instituted and the leuprolide therapy was contin- 
ued. The steroid add-back therapy consisted of con- 
jugated equine estrogens, 0.625 mg/day orally for days 
1 through 25 each month, and medroxyprogesterone 
acetate, 10 mg/day orally for days 16 through 25 each 
month. The steroid add-back regimen and the leu- 
prolide treatment were. then continued for 24 months. 
The steroid add-back-regimen resulted in the resolu- 
tion of the hot flashes in four of the five women. Sig- 
nificantly, there was no increase in uterine volume dur- 
ing the 24 months of combined therapy. These prelim- 
inary results suggest that doses of estrogen and a 
progestin known to protect against hot flashes and 
bone loss in menopausal women can be added to a 
gonadotropin-releasing hormone agonist regimen and 
not produce recurrence of the disease being treated — 
in this case myomas.’ 

Data similar to those observed with myomas have 
been reported for the treatment of endometriosis. 
Gonadotropin-releasing hormone agonists such as na- 
farelin have clearly been demonstrated to be efficacious 
in the treatment of endometriosis according to both 
subjective outcome parameters such as pain and objec- 
tive outcome parameters such as laparoscopic findings.' 
Unfortunately, termination of gonadotropin-releasing 
hormone agonist therapy often leads to rapid clini- 
cal recurrence of the endometriosis. Cedars et al.® 
examined the effects of a combined regimen of 
gonadotropin-releasing hormone agonist plus me- 
droxyprogesterone acetate in women with endometri- 
osis. Sixteen women with endometriosis were treated 
with a gonadotropin-releasing hormone agonist alone. 
Seven were treated with a gonadotropin-releasing hor- 
mone agonist plus medroxyprogesterone acetate (20 to 
30 mg/day orally). Cedars et al. observed that treatment 
with a gonadotropin-releasing hormone agonist plus 
medroxyprogesterone acetate reduced the occurrence 
of hot flashes and protected against the bone loss that 
was observed when the gonadotropin-releasing hor- 
mone agonist was used as sole therapy. However, the 
degree of resolution of the endometriosis, as deter- 
mined by pretherapy and posttherapy laparoscopy, 
may have been greater in the group that received the 
gonadotropin-releasing hormone agonist alone. 

In another study, Surrey et al.° examined the effects 
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of a gonadotropin-releasing hormone agonist plus nor- 
ethindrone in women with endometriosis. Sixteen 
women were treated with a gonadotropin-releasing 
hormone agonist; nine women were treated with a 
gonadotropin-releasing hormone agonist plus noreth- 
indrone. The progestin was initiated at an oral dose of 
0.35 mg/day, and the dose was increased until hot 
flashes were suppressed. No patient received more 
than 3.5 mg/day of norethindrone, and the mean 
dose of norethindrone needed to suppress hot flashes 
was 2.0 + 0.1 mg. These investigators observed that 
gonadotropin-releasing hormone agonist therapy com- 
bined. with norethindrone reduced the vasomotor 
symptoms and the rate of bone loss, compared with 
single-agent gonadotropin-releasing hormone ago- 
nist therapy. Pretreatment and posttreatment lapa- 
roscopy demonstrated that both the group taking 
gonadotropin-releasing hormone agonist only and the 
group taking goriadotropin-releasing hormone agonist 
plus norethindrone had significant objective improve- 
ment in endometriosis. 


Estrogen threshold hypothesis 


The results of the preliminary studies presented here 
suggest that differential thresholds may exist for 
suppression of hot flashes and protection of bone and 
the stimulation of estrogen-dependent diseases such as 
endometriosis and fibroids. Premenopausal women 
with myomas respond to a decrease in circulating es- 
tradiol to 20 pg/ml by demonstrating shrinkage in the 
myomas. However, an estradiol concentration of 20 
pg/ml also is associated with bone loss and hot flashes. 
By increasing the estradiol concentration to approxi- 
mately 40 pg/ml, it may bė possible to decrease the 
rate of bone loss and not produce regrowth in the. my- 
oma. Thus it may be possible to design regimens of 
gonadotropin-releasing hormone agonists plus steroid 
hormone replacement that could be prescribed safely 
for many years and would still treat endometriosis or 
myomas adequately without resulting in cumulative 
bone loss or chronic hot flashes. Development of these 
regimens of combined gonadotropin-releasing hor- 
mone agonist plus steroid hormone should be a major 
goal of reproductive endocrinologists during the next 
decade. 
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Calculation of fetoplacental volume 
To the Editors: 

The article by Nicolaides et al. (Measurement of hu- 
man fetoplacental blood volume in erythroblastosis fe- 
talis. AM J OBSTET GYNECOL 1987;157:50-3) repre- 
sents a provocative attempt to determine the circulating 


blood volume of the human fetus. In the article the - 


authors used the 50th percentile newborn weight de- 
rived from Brenner’s tables’ for infants born in the 
United States to calculate the blood volume per kilo- 
gram of fetal body weight. A superior method would 
have used multiple ultrasonographic parameters from 
each fetus studied to calculate the fetal weight on the 
basis of proved formulas.” * Hydropic fetuses would 
have to be excluded from this analysis inasmuch as 


the measurement of the abdominal circumference ` 


would be erroneous because of the presence of fetal 
ascites. 
; Kenneth J. Moise, Jr., MD 
Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 
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Results of ultrasonography not in agreement 


To the Editors: 

We read with great interest the article by Brown 
et al. (Transabdominal and transvaginal endosonog- 
raphy: evaluation of the cervix and lower uterine 
segment in pregnancy. AM J OBSTET GYNECOL 1986; 
155:721-6.). Indeed, ultrasonography seems to have 
become a very important tool in the diagnosis of cervical 
incompetence during pregnancy. Ultrasonographic ex- 
amination is especially important when the diagnosis 
was not made before pregnancy, and the only diag- 
nostic “means” is serial manual examinations. Ultra- 
sonography certainly enhances the information avail- 
able from this more limited type of examination. It 
provides, in particular, accurate measurements of 
the length and width of the cervical canal and the 
shape of ane lower uterine segment and internal cer- 
vical os." 

We congratulate the authors on their attempt to com- 
pare the abdominal and the recently popular vaginal 
route in ultrasonography of the uterine lower segment 
and cervix. However, our experience is not in complete 
agreement with their reported findings. 
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1. The localization of the internal cervical os in the 
vaginal approach is not reliable. The sophisticated ul- 
trasonographic equipment (Diasonics, Milpitas, Calif.; 
Kretztechnic, Zipf, Austria) and extensive experience 
in obstetric ultrasonography have not enabled us to 
show the uterine arteries to mark the internal os as 
described in the article. 

2. The authors state “the 5 MHz transducer covered 
with an Aquasonic gel-filled latex glove was inserted 
approximately 2.5 cm into the vagina for the transva- 
ginal evaluation.” To the best of our knowledge, the 
insertion of a 5 MHz transducer only 2.5 cm into the 
vagina is not sufficient to show the uterine cervix. Good 
visualization is obtained by close contact with the cervix 
through the anterior fornix. The vaginal vault and the 
anterior fornix do not. form an “acoustic window” as 
does the urinary bladder. The technique used by the 
authors is somewhat unclear. 

3. The authors succeeded in showing the cervix by 
abdominal ultrasonography in 55% of the patients with 
empty bladders. From our and others’ experience, it is 
nearly impossible to show the cervix and locate the 
internal os without filling the bladder. The ultrasono- 
graphic diagnosis of a placenta previa presents similar 
conditions and problems. 

4. The authors report that a change in the config- 
uration of the lower segment and internal cervical os 
(ballooning and funneling) was more effectively shown 
by the abdominal route than by the vaginal route (79% 
versus 65%, respectively). It is well established that this 
altered configuration is the main indicator of the patho- 
physiology of cervical incompetence** more than 
changes in the length and the width of the cervical 
canal. 

We agree with the authors that the ultrasonographic 
examination is of prime importance in the diagnosis of 
cervical incompetence during pregnancy. The main 
reference point in this examination is the change in 
configuration of the lower uterine segment and internal 
cervical os, a change that we find to be more effectively 
shown by the abdominal route than by the vaginal 


‘route. 


Therefore, it would appear that for the time being 
we cannot avoid the full urinary bladder during the 
examination. 

Zvi Weinraub, MD 
Abraham Golan, MD 
Ian Bukovsky, MD 
f Eliahu Caspi, MD, 
Department of Obstetrics and Gynecology 
Assaf Harofe Medical Centre 
Zerifin, Israel 70300 
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Is sampling technique beneficial to fetus? 
To the Editors: . f : 
To evaluate the effectiveness of a new therapy the 
therapy should be tested on patients who have the dis- 
ease. If the purpose of the article (Scioscia AL, Gran- 
num PAT, Copel JA, et al. The use of percutaneous 


umbilical blood sampling in immune thrombocytopenia , 


purpura. AM J OBSTET GYNECOL 1988;159:1066-8) is 
to correlate percutaneous umbilical blood platelet 
counts versus. neonatal counts, the authors have cer- 


tainly proved their point (although we seriously doubt ` 


whether anyone would question this concept). 
Conversely, the real question is whether this sampling 

technique is beneficial to fetuses with low platelet 

counts. Because only one of their 19 cases did, in fact, 


_ have a low platelet count.(10,000) we are reluctant to 


accept this new procedure without further. confirma- 
tion by other cases. Thus, their series ends up being 
only a case report. If the next fetus with a low platelet 
count dies as a result of the procedure (thus giving a 
mortality of 50%), we are sure no one would advocate 
pursuing such a course of invasive sampling. , 

Until more information is gathered on fetuses with 
low platelet counts, this management protocol should 
be Caades experimental. 

Roger R. Lenke, MD 

Department of Obstetrics and Gynecology 
Campus Box B198 
University of Colorado Health Science Center 
4200 E. Ninth Ave. 
Denver, CO 80262 


T. Clifford Deveny, MD 


Department of Obstetrics and Gynecology 
Medical College of Ohio 

300 Arlington Ave. 

C.S. 10008 

Toledo, OH 43699 


Reply 
To the Editors: 

We thank Drs. Lenke. and Deveny for their com- 
ments. Their point that until there has been a substan- 
tial number of fetuses with thrombocytopenia sampled 
it will be impossible to completely assess the safety of 
the procedure in the affected fetus is well taken. How- 


ever, we must ask, what are the management alterna- . 


tives? Until recently, the literature suggested a 20% to 
35% incidence of‘thrombocytopenia in the infants of 
patients with. autoimmune thrombocytopenia. These 
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results prompted the idea that all patients with low 
platelet-counts or prior history of splenectomy should 


- be empirically sectioned. Scott et al.' suggested cesarean 
‘section be used in fetuses shown on scalp sampling to 


have low platelet counts. 

- Our study simply showed that (1) the fetal platelet 
counts obtained by percutaneous sampling prenatally 
were predictive of the neonatal platelet counts, (2) in 
our series severe thrombocytopenia was present in 1 of 
20 infants, and (3) no problems occurred in the fetuses 
undergoing sampling. 

The experience with percutaneous fetal blood sam- 
pling in the thrombocytopenic infant is not surprisingly 
limited. Our review of the literature revealed 24 ad- 
ditional cases in which fetal blood sampling to deter- 
mine the fetal platelet count has been attempted on 
fetuses with platelet counts =100,000/mm‘, without re- 
port of-fetal loss. In 21 of these fetuses the platelet 
count was =50,000/mm‘*.* It should be noted that fetal 
exsanguination has followed attempts at prenatal di- 
agnosis by percutaneous blood sampling in Glanz- 
mann’s thrombasthenia, a qualitative rather than quan- 
titative disorder.” 

We would like to reiterate that this procedure should 
only be performed by experienced personnel, under 
controlled circumstances in an appropriate setting. We 


` recommend that fetal sampling should be undertaken 


when nursing, anesthesia, pediatric, and obstetric teams 
are prepared for the birth of a thrombocytopenic in- 
fant. The thrombocytopenic fetus should be continu- 
ously monitored until delivery is accomplished. The 
theoretical benefits of percutaneous umbilical blood 
sampling to determine the fetal platelet count in im- 
mune thrombocytopenic purpura are discussed in the 
article. We hope the precautions, as outlined, will min- 
imize morbidity. As with any other procedure, precise 


- assessment of fetal risk awaits wider experience. 


Angela L. Scioscia, MD 
Department of Reproductive Medicine 
University of California, San Diego 


. 225 W. Dickinson St., H-813 


San Diego, CA 92103 
Peter A. T. Grannum, MD 
Joshua A. Copel, MD 
John C. Hobbins, MD 
Department of Obstetrics and Gynecology 
Yale University School of Medicine 
333 Cedar St. 
New Haven, CT 06510 


REFERENCES 


1. Scott JR, Cruikshank DP, Kochenour NK, et al. Fetal plate- 
let counts in the obstetric management of immunologic 
thrombocytopenic purpura. AM J OBSTET GYNECOL 1980; 

` 186:495. 

2. Kaplan C, Daffos F, Cox WL, et al. Management of alloim- 
mune thrombocytopenia: antenatal diagnosis and in utero 
transfusion of maternal platelets. Blood 1988;72:340. 

3. Daffos F, Forestier F, Kaplan C, et al. Prenatal diagnosis 
and management of bleeding disorders with fetal blood 
sampling. AM J OBSTET GYNECOL 1988; 158:939. 

4. Moise KJ, Carpenter RJ, Cotton DB, et al. Percutaneous 


598 Correspondence 


umbilical cord blood sampling in the evaluation of fetal 
platelet counts in pregnant patients with autoimmune 
thrombocytopenia purpura. Obstet Gynecol 1988;72:346. 

5. Lynch L, Bussel J, Goldberg J, et al. The in utero diagno- 
sis and management of alloimmune thrombocytopenia. 
Prenat Diagn 1988;8:329. 


Reliance on central venous pressure with regard 
to fluid management in preeclampsia 
deemed dangerous 


To the Editors: 

Dr. John R. Fliegner (Correction of hypovolemia and 
central venous pressure monitoring in the management 
of severe preeclampsia and eclampsia. AM J OBSTET 
GYNECOL 1987;156:1041-2) recommended volume ex- 
pansion for the correction of a low central venous pres- 
sure (CVP) in patients with severe preeclampsia. How- 
ever, all the available literature to date have shown an 
inconsistent relationship between CVP and pressures 
of the left side of the heart as estimated by pulmonary 
capillary wedge pressure.' Because pressures of the left 
side of the heart are an important determinant of car- 
diac, cerebral, and uteroplacental perfusion, reliance 
on CVP for guidance of fluid management in patients 
with severe preeclampsia is not only inadequate but also 
dangerous. I recently reviewed a case in which fluid 
infusion to correct oliguria on the basis of low CVP 
resulted in pulmonary and cerebral edema and even- 
tual death. When the patient finally received appro- 
priate monitoring, the CVP was 8 mm Hg and the 
pulmonary capillary wedge pressure was 34 mm Hg. 
Thus volume expansion on the basis of a low CVP led 
to maternal mortality. 

Dr. Fliegner also advocates administration of furo- 
semide preparations if urine flow is inadequate despite 
normal central venous pressures. In severe preeclamp- 
sia normal CVP may be associated with low pulmonary 
capillary wedge pressure; oliguria in preeclampsia may 
also reflect severe vasospasm rather than volume de- 
pletion.'* The administration of diuretics under these 
circumstances will lead to further intravascular volume 
depletion, secondary increased vasospasm, and dele- 
terious effects on uteroplacental and systemic perfu- 
sion. Dr. Fliegner’s recommendation that CVP levels 
>10 mm Hg should be actively treated with diuretics 
is, for similar reasons, inappropriate. 

Complications of pulmonary artery catheterization 
are principally those of obtaining central venous access 
and would be similar whether a central venous or pul- 
monary artery catheter were used.* Hemodynamic 
management on the basis of CVP assessment in the 
patient with severe preeclampsia is contraindicated and 
dangerous. The patient with complications of severe 
preeclampsia should be managed either clinically (in 
the vast majority of cases) or with a pulmonary artery 
catheter. 

Steven L. Clark, MD 
Ulah Valley Regional Perinatal Center 
1034 North 500 West 
Provo, UT 84604 


February 1990 
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Evaluation of hysteroscopic management of the 
septate uterus 


To the Editors: 

I read with interest the article by March and Is- 
rael (Hysteroscopic management of recurrent abor- 
tion caused by septate uterus. AM J OBSTET GYNE- 
coL 1987;156:834-42) and the accompanying dis- 
cussion. 

The authors stated that postoperative hysterosalpin- 
gography or hysteroscopy revealed “a marked increase 
in uterine volume in all women” but in the subsequent 
discussion noted that they meant to use the phrase 
“marked change occurred in uterine architecture” 
rather than “volume.” In addition, one of the dis- 
cussants asked whether “the objective technique of 
planimetry” was used and Dr. March did not 
comment. 

I have used planimetry on hysterosalpingogram films 
obtained before and after hysteroscopic septal division. 
The films were taken as exactly as possible in the 
anterior-posterior projection without rotation or obliq- 
uity of the uterus, with attempts made to maintain the 
same degree of filling, at the early proliferative stage 
of the menstrual cycle, and corrected in one instance 
in which different magnifications were used. The av- 
erage area in the anterior-posterior projection of six 
preoperative cases was 7.48 cm? and in the postoper- 
ative films was 7.35 cm”. Some patients had a greater 
surface area postoperatively on an individual basis and 
others had a smaller surface area. 

It is apparent that planimetry does not really mea- 
sure the volume of the uterine cavity, and that to 
properly estimate volume would require an actual vol- 
umetric technique by either obtaining films in all three 
planes or devising some volume replacement pro- 
cedure. 

Regardless, it is probable that the size of the re- 
maining cavity is not the significant factor in successful 
outcome, as suggested in other reports that used the 
Jones metroplasty in which the uterine size appears 
to be considerably smaller, at least on hysterosal- 
pingogram. 

I believe further emphasis should be placed on def- 
inition of the blood supply to the septa, which implicates 
the poorly vascularized nature of this portion of the 
uterus as the most possible deleterious factor in repro- 
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ductive losses, in contradistinction to the general out- 
come with the bicornuate uterus. 

The finding in this series that 33% (26 of 79) of the 
patients had other unexpected pelvic disease, primarily 


endometriosis (22 of 79), for which 9 were treated by 


“medical or surgical approach, serves to emphasize the 
possible relationship of this uterine anomaly to endo- 
metriosis to identify a matter of interest to study as one 
cause of endometriosis. 

C. W. Simpson, MD 
Depariment of Obstetrics and Gynecology 
University Hospital 
Saskatoon, Saskatchewan, Canada S7N OXO 


‘Antepartum ultrasonic diagnosis of 

cord presentation 
To. the Editors: 

In a JOURNAL article (Sakamoto H, Takagi K, Ma- 
saoka N, et al. Clinical application of the perineal scan: 
prepartum screening for cord presentation. AM J OB- 
sTet GYNECOL 1986;155:1041-3) the authors stated 


bladder 





Fig. 1. Sonogram obtained at 39 weeks’ gestation because of 
persistent cord presentation. Cesarean section confirmed di- 
agnosis of funic presentation. Longitudinal scan shows um- 
bilical cord below presenting part (high vertex) and above 
internal cervical os. (PUW, Posterior uterine wall: AUW., an- 
terior uterine wall} 
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Fig. 2. Transverse scan of lower uterine segment (from same 
patient) shows loops of umbilical cord below presenting part. 
(UW, Uterine wall.) 


that “An ultrasonographic diagnosis of cord presen- 
tation has been made during labor, vet no procedure 
for the screening has been available.” 

First. I would like to mention that as early as 1981 
the ultrasonographic prepartum diagnosis of cord pre: 
sentation was demonstrated.’ Several urticles”* dealing 
with the antenatal diagnosis of funic presentation had 
been published before 1986. 








Second, the author’s statement that no ult 
graphic procedure for the screening of cord pr 
tation has been available, is not accurate. In T9S5 a 








protocol to be used in the prenatal screening for ab- 
normal cord positions was presented.” * The results in- 
dicated that abnormal cord positions are readily de- 
tectable (Figs. 1 and 2) and that the physiologic effects 
on the fetus can be confirmed by the nonstress test. 
The suggested protocol entailed the following: 





1. The ultrasonographic identification and evalua- 
tion of the umbilical cord position, lower uterine 
segment, and cervix should be done in all patients 
identified as being at high risk of cord prolapse 
{abnormal presentation, multiple pregnancy, dis- 
proportion, polyhydramnios, multiparity, pre- 
mature labor, incompetent cervix, “hourglass 


membranes”). In addition, the test should include 





all patients with antepartum or intrapartum In» 
dications of fetal distress, considered to bea result 
of cord compromise. 

2. The nonstress test should be used in all patients 


NS 
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Fig. 3. Nonstress test shows marked decelerations during fetal movements (FM). Test done at 39 
weeks’ gestation with same patient. 
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Fig. 4. Graph from same patient shows decelerations during manual pressure of presenting fetal 
part against pelvic inlet (PFAP). 























Volume 162, 
oo Number 2 


with the ultrasonographic diagnosis of cord pre- 

sentation. In these cases the presence of variable 

decelerations or significant fetal bradycardia is 

highly suggestive of cord compromise (Fig. 3). 

The routine application of suprapubic and fundal 

pressure at the conclusion of the test (in an at- 

tempt to provoke fetal bradycardia, which may 
indicate decreased amniotic fluid volume and 
potential cord entrapment) is recommended 

(Fig. 4). 

3. If the pregnancy remains uncomplicated, ultra- 
sonography and nonstress test should be repeated 
at weekly intervals unless changes in maternal or 
fetal condition indicate closer evaluation. Gentle 
and sterile pelvic examinations should be done 
regularly to check the status of the cervix, mem- 

branes, presenting part, and umbilical cord. 

In patients at term, prompt delivery by cesarean 
section in cases of persistent cord presentation 
seems logic. Surgical intervention in all other cases 
remains an individual clinical decision. Hospital- 
ization of these patients for close observation is 
strongly recommended. It must be emphasized 
that in questionable cases the ultrasonographic ex- 
amination should be repeated just before surgery 
because cord position may change even late in 
pregnancy. 

Until recently little could be done to prevent spon- 
taneous prolapse of the cord. The combined prenatal 
use of ultrasound and electronic fetal monitoring may 
substantially reduce the incidence of this catastrophic 
obstetric complication, 





Marco A. Pelosi, MD 
Pelosi Women's Medical Center 
350-360 Kennedy Blvd. 
Bayonne, NJ 07002 
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Need for plasma volume estimation 


To the Editors: 
The publication by the Consensus Development 
Panel on perioperative red blood cell transfusion did 
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not consider a patient’s plasma volume or body he- 
matocrit.' Pregnant women with large fetuses have in 
creased plasma volume and relatively low hematocrits. 
By contrast, gravid women with growth-retarded. Fe- 
tuses have decreased plasma volume and-high hemat- 
ocrits. Thus those with hematocrits <35% may have 
increased red cell masses or body hematocrits and the 
reverse applies to those pregnant women with high 
hematocrits.” * After cesarean section in gravid women 
with relative hypovolemia, a 15% to 25% decrease in 
venous hematocrits may occur because of mobilization 
of extravascular fluid. Because the conceptof body he- 
matocrits and increased plasma volumes is ignored, 
I have seen such postpartum women overtrarisfused. 
and adult respiratory distress syndrome develop. 
Venous hematocrits are not enough when evaluating 
an apparent anemia in the postpartum women or even 
the prenatal patient at term. Instead, one should esti- 
mate the plasma volume and perhaps obtain a ferritin 
level. As Sir Albert Liley said: “It is unfortunate that 
an estimation of hematocrit is one of the quickest, cas- 
iest and cheapest laboratory tests we can do and po- 
tentially one of the most difficult to interpret: This is 


o 


especially true in pregnancy.” 





Robert C, Goodlin, MD. 


City and County of Denver 
Department of Health and Hospitals 
Obstetrics and Gynecology 

777 Bannock St. 

Denver, CO 80204-4507 
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Pulmonary artery catheterization in 

severe preeclampsia 
To the Editors: 

Drs. Clark and Cotton (Clark SL, Cotton DB. Clinical 
indications for pulmonary artery catheterization in the 
patient with severe preeclampsia. AM J Onsrer Gy- 
NECOL 1988;158:453-8) have attempted to justify the 
use of the pulmonary artery catheter in patients with 
severe preeclampsia. More than a decade ago, we un- 
dertook studies in which we sought to demonstrate 
what the authors are proposing, mainly that with the 
Swan-Ganz catheter one could accurately interpret and 
safely administer colloid therapy in the. hypovoleric, 


A 


severely preeclamptic. patient.’ > Our. studies then 
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showed, as has been recently emphasized,” that in these 
preeclamptic patients the cardiac outputs may be in- 
creased, normal, or decreased and that their response 
to colloids is not necessarily predictable. 

Drs. Clark and Cotton further state that the he- 
modynamics are best described with reference to car- 
diac preload, afterload, and contractility. By contrast, 
Guyton’ in his text, Arterial Pressure and Hypertension, 
devotes an entire chapter to “Fallacies in interpreting 
cardiac output, total peripheral resistance and blood 
volume data in hypertension studies: importance of 
mean circulatory filling pressure measurements.” After 
our inability to interpret pregnant hypertensive pa- 
tients’ data from the Swan-Ganz catheter, we undertook 
estimates of the equivalent mean circulatory filling 
pressure (static pressure) measurements in normal and 
hypertensive pregnant patients.*’ It appears that Pro- 
fessor Guyton’s and others” pleas concerning the im- 
portance of venous reactivity have not been appreci- 
ated. I cannot accept Drs. Clark and Cotton’s claim 
of precision in describing the hemodynamics of 
all. patients with preeclampsia without venous mea- 
surements. 

While I do not now recommend the insertion of the 
pulmonary artery catheter in patients with severe pre- 
eclampsia, our anesthesiologists do. Just as we learned 
a decade ago, these preeclamptic patients now are often 
in overload after therapeutic response to the catheter’s 
readings. Lasix (furosemide) is necessary to maintain 
the patient’s good health. 

I continue to believe that a randomized trial is nec- 
essary in these patients with severe preeclampsia to 
demonstrate the value of the pulmonary artery cath- 
eter. If volume expansion appears indicated, it may be 
used safely without a pulmonary artery catheter and 
with only the stethoscope, chest x-ray film, and urine 
output monitoring.” Occasionally, furosemide will be 
necessary, but so will it be when the pulmonary artery 
catheter is used. The authors’ condemn “therapeutic 
misadventure,” but in my view they should first dem- 
onstrate that they are without error in their interpre- 
tation of the pulmonary artery catheter readings. In- 
deed, in a recent review, Dr. Cotton was much less 
emphatic about the value of the Swan-Ganz catheter" 
than in this Clinical Opinion or in a second article with 
the same message in the same issue (Cotton DB, Lee 
W, Huhta JC, Dorman KF. Hemodynamic profile of 
severe pregnancy-induced hypertension. AM J OBSTET 
GYNECOL 1988;158:523-9). 

Robert C. Goodlin, MD 
City and County of Denver 
Department of Health and Hospitals 
777 Bannock St. 
Denver, CO: 80204-4507 
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Reply 
To the Editors: 

We are surprised and dismayed by Dr. Goodlin’s let- 
ter. We urge interested readers of this JOURNAL to ex- 
amine carefully Dr. Goodlin’s references 1 and 2, which 
he implies describe his experience with the pulmonary 
artery catheter in preeclampsia. On the basis of this 
supposed experience he attempts to refute our opin- 
ions as set forth in the AMERICAN JOURNAL. If one care- 
fully examines Dr. Goodlin’s references 1 and 2, it is 
evident that, despite his implications, neither actually 
contains data derived from invasive hemodynamic 
monitoring. In his first article Dr. Goodlin references 
a manuscript of his own dealing with cardiac output as 
“in preparation.” In the intervening 10 years, these data 
have evidently never appeared in peer-review press. 
Dr. Goodlin’s second “reference” is merely a reply to a 
letter to the editor critical of his first article, in which 
other investigators criticize the “potentially dangerous 
therapeutic concept” presented therein. Dr, Goodlin’s 
letter is misleading in that it misrepresents his own 
publications and references data that have never been 
published. His opinions must be viewed accordingly. If 
Dr. Goodlin does in fact have data derived from pul- 
monary artery catheterization that refute an expanding 
body of recently published data, we strongly urge that 
he publish them and reference the article directly so 
that we too may be enlightened. 

We also disagree strongly with Dr. Goodlin’s state- 
ment that volume expansion can safely be given with 
“only the stethoscope, chest x-ray film, and urine out- 
put monitoring.” Chest roentgenography is known to 
lag as much as 12 to 24 hours behind the clinical de- 
velopment of pulmonary edema.’ The documentation 


© of rales in the bases of the lungs means that pulmonary 


edema has already occurred and a “therapeutic mis- 
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< adventure” has been precipitated by volume loading. 
= Finally, it has been clearly demonstrated that there are 
_ several hemodynamic subsets of oliguria in preeclamp- 
a; in. only. one of those subsets is volume infusion 
- indicated.’ In fact, in one subset, incipient pulmonary 
“edema was present; in those patients blind volume ex- 
“pansion would result in disaster. 

We once again emphasize that most patients with 
severe preeclampsia may be managed successfully with- 
out resort to invasive monitoring of any type. We have 
simply suggested that patients with uncontrollable hy- 
pertensive crisis, pulmonary edema of uncertain patho- 
physiologic origin, and persistent oliguria despite ad- 
equate volume infusion may be candidates for pul- 
monary artery catheterization. This should not be a 
startling assertion since these conditions are well- 
cS accepted indications for invasive hemodynamic moni- 
_ toring in critical care medicine in general—why should 
obstetric patients be different? 













Steven L. Clark, MD 

David B. Cotton, MD 
Dapariment of Obstetrics and Gynecology 

Baylor College of Medicine 

One Baylor Plaza 

Houston, TX 77030 
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Caution regarding fetal acoustic stimulation 
in oligohydramnios 


To the Editors: 

We read with great interest the article by Ingemars- 
-oson et al. (Ingemarsson I, Arulkumaran S, Paul RH, 
-<o Ingemarsson E, Tambyraja RL, Ratnam SS. Fetal acous- 

“© tic-stimulation in early labor in patients screened with 
the admission test. AM J OBSTET GYNECOL 1988; 
158:70-4). 

In a recent case report,' we described the occurrence 
of severe fetal bradycardia necessitating emergency de- 
livery after fetal acoustic stimulation. We hypothesized 
that the stimulation might have aggravated a preexist- 
ing cord compression or tightened the nuchal cord, 
culminating in fetal bradycardia. 

Our impression is that fetal acoustic stimulation can, 
in some cases, detect an occult cord problem not pre- 
viously manifested in the fetal heart rate recording. 
This might be relevant especially in cases of reduced 
amniotic fluid volume (as in the postterm pregnancy 
or after premature rupture of the membranes), in 
< which vigorous fetal movements in response to fetal 











acoustic stimulation might increase cord compression.: 
Premature rupture of the membranes occurred in 
9.4% of the cases studied by Ingemarsson et al. The 
incidence of postdate pregnancies and the occurrence 
of decreased amniotic fluid volume are not mentioned 
by the authors. It is intriguing to know the possible ` 
impact of reduced amniotic fluid volume on the results 
of fetal acoustic stimulation testing, Le., the incidence _ 





of type H and type III responses. Our i impression ASS : 


that a higher incidence of these responses is to be ex- 5 
pected. si 

Fetal acoustic stimulation is regarded as an innocu- 
ous, noninvasive test of fetal well-being and its use as 
an antepartum office procedure has been suggested.’ 
We think it currently prudent to avoid its outpatient 


application in cases of oligohydramnios, at ‘Teast until : : 


further data are obtained. 
Moshe Menashe, MD 

Department of Obstetrics and Gynecology 

Hadassah University Hospital 

Jerusalem, Israel 


Division of Obstetrics and Maternal-Fetal Medicine: 
Department of Obstetrics and Gynecology 

Strong Memorial Hospital 

University of Rochester School of Medicine and Denisy 
Box 668 

601 Elmwood Ave. 

Rochester, NY 14642 


REFERENCES 


1. Sherer DM, Menashe M, Sadovsky E. Severe fetal brady- 
cardia caused by external vibratory acoustic stimulation. 
AM J OBSTET GYNECOL 1988;159:334-5. 

2. Read JA, Miller F. Fetal heart rate acceleration in response 
to acoustic stimulation as a measure of fetal well-being. AM 
J Osster GYNECOL 1977;129:512-6 


Reply 
To the Editors: 

We are pleased with Drs. Menashe and Sherer’s in- 
terest in our article. The incidence of type I to type IH 
responses to vibroacoustic stimulation while an admis- 
sion test is performed in patients with premature rup- 
ture of membranes, postterm pregnancy (>42 weeks), 
and intrauterine growth retardation in term (<2500 
gm and 237 weeks) is given in Table I. 

Type H and III reactions appear to be greater with 
premature rupture of membranes, intrauterine growth 
retardation, and prolonged pregnancy, thus support- 
ing the hypothesis put forward by Scherer et al. We 
have no objective assessment of liquor volume and 
hence were unable to know the association between 
oligohydramnios and type H or HI reactions. Of the 
nine with type II reaction, five of six with a reactive 
admission test result and two of three with equivocal 
admission test result had normal labor and were deliv- 


David M. Shove, MD 
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Table I. Incidence of type I to type III responses to vibroacoustic stimulation 









PROM 
{n = 72) 
Response to fetal acoustic 
stimulation 


Type I 69 97.2 15 
Type H l 14 2 
Type HI 

No acceleration 0 

Bradycardia l l4 2 


IUGR 
{n = 20} 

















Others 
{n = 646) 


Postterm 
{n = 28) 
















80.0 26 92.8 598 92.6 
10.0 l 3.6 5 0.8 

0 8 1.2 
10.0 l 3.6 2 0.3 








PROM, Premature rupture of membranes; /UGR, intrauterine growth retardation. 


ered vaginally without evidence of fetal distress. Of the 
14 cases with type HI reaction eight had no response 
to sound and six had bradycardia. From the latter six, 
one each with reactive, equivocal, and ominous admis- 
sion test results were delivered without fetal distress. 
On the basis of these results, we feel that there is no 
need to perform an emergency cesarean section when 
type I or I reaction is observed, particularly not in 
cases without ominous FHR changes before the test. 
We have documented’ previously that most prolonged 
bradycardias show signs of recovery by 6 minutes. If 
there is still no sign of recovery by 10 minutes then 
immediate delivery may be warranted. The case re- 
ported by Sherer et al. had a reactive fetal heart rate 
pattern preceding the test and the trace showed signs 
of recovery. In our opinion a trial of labor instead of 
an emergency cesarean section would have been jus- 
tified. 
1. Ingemarsson, MD, PhD 
S. Arulkumaran, MD 
Department of Obstetrics and Gynecology 
University Hospital 
§-22185 Lund, Sweden 
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A nested case-control study of oxytocin and 

sudden infant death syndrome 
To the Editors: 

There have been reports of a possible association 
between oxytocin for induction of labor and sudden 
infant death syndrome.’ * To further examine this pos- 
sibility, we analyzed data from a nested case-control 
study of infants born to the nearly 56,000 women who 
were enrolled in the U.S. Collaborative Perinatal Proj- 
ect. Using standardized criteria, 193 cases of sudden 
infant death syndrome were identified from the infant 
death file, and 1930 unmatched controls were selected 
from infants who survived the first year of life. Oxy- 
tocin use was recorded prospectively on detailed ob- 
stetric forms developed for the Collaborative Perinatal 


Project study.” We found no evidence for a positive 
association between the use of oxytocic agents during 
labor and sudden infant death syndrome, with an un- 
adjusted odds ratio of 0.75 (95% confidence inter- 
val = 0.48 to 1.2). Among women who received oxy- 
tocin for augmentation of labor only, the unadjusted 
odds ratio was 0.56 (95% confidence interval = 0.30 to 
1.0) while for those who received oxytocin for induction 
of labor (usually combined with augmentation) the un- 
adjusted odds ratio was 1.24 (95% confidence inter- 
val = 0.65 to 2.4). This relationship remained essen- 
tially unchanged on control for other factors, including 
birth weight, gestational age, 5-minute Apgar score, 
maternal education, family income, number of prenatal 
visits, and parity. When controlling for maternal age, 
the adjusted odds ratios were 0.56 (95% confidence 
interval = 0.30 to 1.0) for augmentation only and 1.43 
(95% confidence interval = 0.74 to 2.8) for induction 
of labor. Though imprecise, the latter observation is 
compatible with a weak or moderate association of sud- 
den infant death syndrome with oxytocin use for in- 
duction of labor (as well as with no association), but not 
with an association of the magnitude observed by Ken- 
ner and Einspieler,” whose latest study data, which are 
based on recall, yielded an odds ratio of 22 (95% con- 
fidence interval = 7.7 to 62). Because we observed a 
negative association of sudden infant death syndrome 
with oxytocin used only for augmentation, we recom- 
mend that further studies of oxytocin use and sudden 
infant death syndrome examine augmentation as well 
as induction. 

Jess F. Kraus, PhD 

Marc Bulterys, MD 

Sander Greenland, DrPH 

Department of Epidemiology 
University of California Los Angeles School of Public Health 
Los Angeles, CA 90024-1772 
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Effects of relaxin on calcium concentrations 
To the Editors: 

The December 1988 issue of the JOURNAL contains 
an article by Ginsburg et al. on the investigation of the 
effects of relaxin on calcium fluxes in the rat uterus 
(Ginsburg FW, Rosenberg CR, Schwartz M, Colon JM, 
Goldsmith LT. The effect of relaxin on calcium fluxes 
in the rat uterus. AM J Ossrer Gyxecot, 1988:159: 
1395-401). While I do not argue with the methods or 
results of the study, the interpretation of the results is 
~ somewhat misleading. 

. The authors state directly that their experiments 
demonstrate that relaxin inhibits uterine contractions 
by decreasing intracellular free calcium (page 1399, 
second paragraph under Comment). This would be 
“more correctly stated as follows: These data imply that 
the effect of relaxin on rat uterine tissue is to cause an 
increase in calcium ion turnover: that is, both the efflux 
and uptake of calcium are enhanced (note the en- 
hanced uptake rate in their Fig. 3 during the first 5 
minutes). The data that speak to free intracellular cal- 
¿ocum are not statistically significantly different. I sug- 
- gest. that we await the results of calcium-sensitive dye 
“studies. In addition, the mathematical analysis of the 
uptake experiment is undecipherable. 
co The best interpretation of the data would be that 
_ relaxin is acting as a calcium channel—enhancing agent. 
This would increase uptake fluxes initially, and efflux 
rates would be proportionately increased as calcium 
pumps strive to maintain intracellular homeostatic cal- 
cium concentrations. This unfortunately does not ex- 
plain the tocolyuc effects of relaxin. 
Roger Charles Young, MD, PhD 
Department of Obstetrics and Gynecology 
“Medical University of South Carolina 
171 Ashley Ave. 
- Charleston, SC 29-425 














Reply 
To the Editors: 
We are certainly pleased that Dr. Young is very in- 
terested in our studies and appreciate his thoughts. 
However, it is unfortunate that he has misread our data. 
Dr. Young is incorrect in stating that both the efflux 
and uptake of calcium are enhanced by relaxin. ‘The 
data clearly show that the efflux is enhanced (see our 
Fig. 2), whereas uptake (see our Fig. 3) is not enhanced 
during the first 5 minutes but rather does not differ 
-daring the first LO minutes (the equilibration ume). 
‘after which uptake is decreased under the influence of 
relaxin (although not statistically significantly). That 
enhanced efflux in conjunction with either no change 
“or decreased uptake results in a smaller intracellular 
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calcium pool is documented by a multitude of studies 
from a variety of laboratories.’ Thus we -statéd that 
these results can be interpreted as indicating that the 
final pool of intracellular calcium is smaller after re- 
laxin treatment. The mechanism of action-of these ef 
fects of relaxin on efflux and uptake is presently not 
known, nor are there any existing data to use for spec- 
ulation. 

That relaxin acts as a calcium channel~enhancing 
agent, as Dr. Young suggests. is possible. However, in 
lieu of any supporting data for this theory, we think it 
is not necessarily the best interpretation of the data but 
one of several possibilities. We chose not to make such 
speculations on the mechanism of relaxin’s effect since 
no data exist to support any concepts. And Dr. Young 
is quite right—calcium-sensitive dye studies would furs". 
ther corroborate our results. In addition, the section 
quoted by Dr. Young as stating that relaxin inhibits 
uterine contractions by decreasing intracellular tree 
calcium (page 1399, second paragraph) does. not state. 
this as a cause and effect as Dr. Young has implied 
(either here or anywhere else in this article). Rather it. 
is stated quite clearly that the experiments demonstrate 
that relaxin inhibition of uterine contractions is. asso- 
ciated with a decrease in intracellular free Catt levels, 
as the data clearly show. Furthermore, this study was 
not done with the purpose of explaining the tocolytic 
effects of relaxin, as is noted by the lack of mention of 
this anywhere in the article. 

Laura T. Goldsmith, PhD 
Department of Obstetrics and Gynecology 
University of Medicine and Dentistry of New Jersey 
New Jersey Medical School 
185 South Orange Ave. 
Newark, NJ 07103-2757 
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Cesarean salpingectomy rare but not first 
To the Editors: 

In a JOURNAL article (Miller ED. A 2000 ent tubal 
pregnancy. AM J Ossrer GYNECOL 1987;,156:1152) the 
author reported a case in which a stillborn female fetus 
weighing 2000 gm was found at laparotomy inside a 
distended, and apparently intact, left fallopian tube. A 
left salpingectomy and a partial omentectomy were per- 
formed. Recovery was uncomplicated. 

In his closing comment the author stated: “In ret- 
rospect, I wish a sonogram had been performed at 32 
weeks, which would have led to an elective cesarean 
salpingectomy for delivery of a viable baby girl. Would 
this have been the world’s first?” 

The answer to Dr. Miller's question is no. Although 
rare, unruptured tubal pregnancies that reach. term 
have been reported.'* 








A previous experience indicates that most term preg- 
nancies result in rupture and fetal death. Nevertheless, 
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Fig. 1. At laparotomy, an intact and enormously distended fallopian tube containing a dead term 
male fetus was found (weight 1495 gm, length 49 cm). A right salpingoophorectomy was performed, 
Recovery was uneventful. (Courtesy Dr. R. L. Caballes, University of Medicine and Dentistry of 
New Jersey, New Jersey Medical School, Newark, N.J.) 


there have been reports of delivery at term by “cesarean 
salpingectomy” with survival of the infant. "+° 

As early as 1951, McElin and Randall! established the 
criteria for unruptured tubal pregnancy at term. They 
included: (1) salpingectomy must achieve total extir- 
pation of the fetal sac and products of conception, (2) 
there is no gross or microscopic evidence of tubal rup- 
ture; (3) ciliated columnar epithelium must be evident 
in the sac; (4) a smooth muscularis must be present in 
the sac (see Fig. 1). 

Dr. Miller has reported an unusual and interesting 
case. Nevertheless, I am surprised by its acceptance by 
the JouRNAL without any bibliographic references or 
at least a statement from the author emphasizing that 
a review of the pertinent literature failed to reveal pre- 
vious similar cases. A minimal research effort, even in 
New Guinea, would have revealed past reports, avoid- 
ing the need for the author’s dramatic question “Would 
this have been the world’s first?” 

Marco A. Pelosi, MD 
Pelosi Women’s Medical Center 
350-360 Kennedy Blvd. 
Bayonne, NJ] 07002 
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Use of digoxin in pregnancy 
To the Editors: 

We have recognized the difficulties encountered 
when the physician contemplates the use of digoxin in 
pregnancy. However, we have not yet reached the same 
level of pessimism as Weiner et al. regarding this ther- 
apy (Weiner CP, Landas S, Persoon TJ. Digoxin-like 
immunoreactive substance in fetuses with and without 
pathology. AM J OBSTET GYNECOL 1987;157:368-71). 
We share their level of frustration, but ours stems from 
the lack of interpretable case reports and studies and 
the seemingly poor understanding of digoxin phar- 
macokinetics that permeates these reports.’ 

A study that suggests withholding a generally ac- 
cepted therapy in a very sick group of patients needs 
to be analyzed as carefully as one that recommends 
unproved therapy. Since their study obviously took 
some time to complete, we wonder whether or not the 
authors batched all blood samples and ran the assays 
with the same digoxin immunoassay kit lot. The con- 
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centration of measured digoxin-like immunoreactive 
substance in a given sample may differ on the basis of 
observed lot-to-lot and kit-to-kit differences of antibody 
activity. There are the additional problems with assays 


of both overrecovery and underrecovery when known | 


amounts of digoxin are added to serum containing 


digoxin-like immunoreactive substance? and interfer- - 
ence by other substances.* In the four patients given _ 


digoxin, it would be useful to know the dose and dosage 
form of digoxin, the time from the last dose to the 
maternal serum and fetal assays, and the patients’ body 
weights and creatinine clearance—values all of which 
could affect achieving and maintaining the desired 
body stores of digoxin. This information might be use- 
ful to readers in determining the adequacy of the au- 


thors’ dosages. Poor timing or subtherapeutic dosing ` 


might explain in part the low levels-of cord blood di- 
goxin. The authors’ observation of elevated levels of 
digoxin-like immunoreactive substance in stressed fe- 
tuses points to the continued difficulties that will be 
encountered in determining the kinetics of digoxin in 
pregnancy with current assays. However, it must be 
stressed that their results are for a specific group 
of patients and a specific lot of a specific immuno- 
assay. 

Clearly, the greatest handicap facing the treating 
physician is the interference with serum assays by 
digoxin-like immunoreactive substance found in preg- 
nant patients not receiving digoxin. Identification of 
digoxin-like immunoreactive substance renders most 
previous studies useless and may explain many of the 
“failures” of this therapy and the wide variability of 
responses despite adequate serum levels for various 
fetal conditions. However, it cannot be concluded that 
little of the maternally administered digoxin crosses the 
placenta in pathologic circumstances given the number 
of reported successes. We believe that the crux of the 
problem rests in determining what constitutes proper 
patient dosage. Although most case reports fail to men- 
tion important patient parameters, we suspect that 
many failures are due to inadequate dosing. 

This issue of dosing must certainly be addressed be- 
fore the randomized trial suggested by the authors is 
undertaken. Since serum assays for digoxin cannot be 
used in pursuit of this end, how will one determine that 
the treatment group received adequate therapy? Fetal 
response? Maternal toxicity? It might follow that fe- 


tuses with potentially treatable conditions would either, 


be denied treatment or be given drugs with lower ther- 
apeutic indexes because of potentially negative results 
from a study that has a serious. limitation. There re- 
mains the additional problem of the occasional patient 


receiving digoxin for her own cardiac condition where. 


proper dosing would be desirable to ensure an uncom- 
plicated pregnancy. f $ 

Until the problems associated with assay specificity 
are solved, we have suggested the use of ‘an indirect 
method that uses a relatively obsolete nomogram for 


digoxin dosing that is based on the patient's weight, 
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desired total body stores of digoxin, frequent deter- 
minations of creatinine clearance, and dosage form.’ 
We would be interested in the authors’ current dosage 
schedule and in what will serve as “treatment” in their 
proposed randomized trial. 

The problems ‘associated with digoxin therapy in 
pregnancy are myriad. However, we do not see their 
solutions coming in the immediate future. In the mean- 
time, we would not deny patients the option of this 
therapy. 

Julian E. De Lia, MD 

Department of Obstetrics and Gynecology 
University of Utah School of Medicine 
Room 2B200 
50 North Medical Dr. 
Salt Lake City, UT 84132 

Maurice G. Emery, Jr., PharmD 
Department of Pharmacy Practice 
University of Utah College of Pharmacy 
Salt Lake City, UT 84132 l 
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Reply 
To the Editors: 

We wish to thank Drs. De Lia and Emery for their 
interest in our earlier report. Their letter (dated August . 
1987) apparently went astray and was not received by 
us until August 1988. In it, they highlight well-known 
problems with the measurement of digoxin by immu- 


` noassay and the affect on the assay of interfering sub- 


stances such as digoxin-like immunoreactive substance. 
We agree that our results apply only to a specific group 
of patients and a specific manufacturer's lol of a specific 
immunoassay. This was pointed out in our report. We 
further agree that many cases of transplacental digoxin 
therapy (both successful and unsuccessful) are char- 
acterized by inadequate maternal concentrations of di- 
goxin. However, our line of agreement ends here. 

In reference to their specific questions, each patient 
in the 1987 report received Lanoxin. The serum con- 
centrations reflect trough levels unless otherwise stated. 
After we learned about digoxin-like immunoreactive 
substance in 1986, the maternal target trough levels 
were based on the desired target level plus the baseline 


‘maternal digoxin-like immunoreactive substance level. 


If the baseline maternal digoxin-like immunoreactive 
substance level was 0.8 ng/ml and the target value was 
1.5 ng/ml, we sought a trough >2 ng/ml. The dosage 
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was and is presently individualized to maintain these 
levels. Because of the variables noted by De Lia and 
Emery, fixed dosage regimens are undesirable during 
pregnancy. 

We recognized and acknowledged that the 1987 re- 
port represented circumstantial evidence. We subse- 
quently have reported in this JouRNAL fetal digoxin 
measurements obtained before, during, and after ma- 
ternal digoxin therapy.’ We have additional experience 
with two other cases (unpublished data). In all three 
cases there was no incremental change in the fetal di- 
goxin level during prolonged maternal digitalization. 
And in each case, there was no response by the fetus 
to maternal digitalization. A group from Guys Hospital 
in London reported a similar experience at the Fifth 
International Fetal Medicine and Surgery Society Meet- 
ing held in Bonn, Germany, June, 1988. Each of the 
fetuses at our institution who failed to respond to ma- 
ternal digitalization subsequently responded rapidly to 
either direct fetal or neonatal digitalization. Thus the 
weight of current evidence (both biologic and phar- 
macologic) does not support transplacental digitaliza- 
tion. Evaluation of maternal kinetics is further com- 
promised by the assumption that fetal kinetics are sim- 
ilar. We have, now on multiple occasions, demonstrated 
that the fetal elimination half-life of digoxin is <15 
hours. We have also shown that digoxin-like immu- 
noreactive substance behaves as a stress hormone cor- 
relating with epinephrine, norepinephrine, and fetal 
respiratory blood gas values.” 

Drs. De Lia and Emery’s letter raises an important 
issue—the need for treatment of fetal supraventricular 
tachycardia in the absence of cardiac failure. We are 
unaware of any study that approaches the natural his- 
tory of fetal supraventricular tachycardia. Though 
fetal supraventricular tachycardia is potentially life- 
threatening, it és not in most instances associated with 
cardiac failure, and spontaneous conversion to sinus 
rhythm is likely common. We summarized our thoughts 
on this subject in 1988.' Presently, we perform sono- 
graphic follow-up of these fetuses for evidence of 
congestive heart failure. Should this be noted, either 
direct fetal digitalization or transplacental treatment 
with another appropriate antiarrythmic agent is begun. 

The problems of a randomized trial are not quite as 
cumbersome as Drs. De Lia and Emery suggest. The 
target maternal level should be based on pharmacologic 
levels in the absence of interfering substances associ- 
ated with an evaluation of the biologic effect. The end 
points are straightforward—fetal biologic effect and 
demonstration of incremental increase in fetal digoxin 
concentrations. The safety of cordocentesis in experi- 
enced hands (loss <1/300) renders this an acceptable 
study. The lack of a biologic effect, associated with a 
lack of an incremental change in fetal digoxin mea- 
surements during adequate maternal digitalization, 
would confirm our suspected lack of efficacy. 

In summary, though Drs. De Lia and Emery believe 
digoxin to be effective therapy for supraventricular 
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tachycardia, many fetuses (and their exact number is 
unknown) fail to alter their ventricular rate despite ad- 
equate maternal concentrations of digoxin assuming (as 
they do) a 1:1 passage of digoxin. Second, direct mea- 
surements of fetal blood before and during prolonged 
maternal administration and after cessation of digoxin 
administration fail to reveal any change in the fetal 
digoxin concentration as measured by immunoassay. 
Third, fetuses who fail to respond to maternal trans- 
placental digitalization often respond rapidly when 
given digoxin directly. Fourth, the level of digoxin-like 
immunoreactive substance is elevated in fetuses with 
similar illnesses and the elevation correlates with the 
fetal catecholamine concentration. Fifth, digoxin-like 
immunoreactive substance is not measured by the Ab- 
bott Laboratories assay in healthy fetuses. Sixth, healthy 
fetuses delivered of mothers who receive digoxin do 
indeed have elevated digoxin measurements. Thus di- 
goxin crosses the placenta of the otherwise healthy fetus. 
The only conclusion possible at this time is that mater- 
nally administered digoxin fails to cross the placenta of 
sick fetuses in an amount adequate to render an effect. 
Drs. De Lia and Emery are unwilling to abandon trans-. 
placental digitalization. Certainly, this is their prerog- 
ative. However, we would point out the following. Ma- 
ternal digitalization carries a finite risk. In the absence 
of being able to elucidate the natural history of supra- 
ventricular tachycardia and thus the true risk to the 
fetus, in the absence of being able to document directly 
transplacental passage of digoxin, and in the absence 
of a randomized trial supporting the efficacy of ma- 
ternal digitalization, is this small risk (and expense) to 
the mother necessary? Our experience to date suggests 
that reported successes of transplacental digitalization 
are compatible with serendipity. 
We thank Drs. De Lia and Emery for the opportunity 
to expand on this fascinating subject. 
Carl P, Weiner, MD 
Department of Obstetrics and Gynecology 
University of Iowa Hospitals and Clinics 


Towa Cily, [A 52242 
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Feedback mechanism of human chorionic 
gonadotropin secretion 
To the Editors: 
The article of Ahmed and Murphy dealing with the 
effects of various hormones on human chorionic go- 
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nadotropin (hCG) production in early and late placen- 
tal explant cultures that was recently published in this 
JOURNAL (Ahmed NA, Murphy BEP. The effects of 

various hormones on human chorionic gonadotropin 
production i in early and late placental explant cultures. 

AM J OBSTET GYNECOL 1988;159:1220-7) is an impor- 
tant contribution to the understanding of the feedback 
mechanism of hCG production and release. The au- 
thors found that testosterone inhibited and cortisol or 
dehydroepiandrosterone sulfate stimulated the pro- 
duction of hCG under the experimental conditions cho- 
sen for the study. These results, as we would like to 
point out, contradict previous work reported by Han- 
ing et al.,' which indicated that fetal adrenal steroids 
seem to inhibit and not to stimulate hCG secretion. The 
serum hCG levels in pregnant women with a male fetus 
are known to be significantly lower than in those with 


a female fetus but only in the last trimester of preg- 


nancy.’ If this distinction is caused by testosterone se- 
creted by the fetal testes, the hCG decrease occurring 
in both sexes after the tenth week of pregnancy has to 
be governed by factors other than testosterone alone. 

Ahmed and Murphy also postulated that the high 
output of hCG in early pregnancy as compared with 
that in late pregnancy could be due to differences in 
| the half-life of hCG. The half-life of hCG has been 

shown by Wide and Hobson’ to be longer in early preg- 
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nancy than in late pregnancy. Although such a differ- 
ence in the clearance rate may affect the serum level 
of hCG to a certain degree, it is probably of minor 
significance as compared to the enormous secretory 
capacity of the relatively small trophoblastic mass in 
early pregnancy. 

J. S. E. Dericks-Tan, PhD 

H.-D. Taubert, MD 

Abt. für Gyn. Endokrinologie 
Universitäts-Frauenklinik 
Theodor-Stern-Kai 7 
6000 Frankfurt, Federal Republic of Germany 
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Changes in gynecologic cancer staging by the International 
Federation of Gynecology and Obstetrics 


At a recent meeting of the International Federation 
of Gynecology and Obstetrics, extensive changes were 
made in the staging of endometrial cancer. Some minor 
changes also were made in vulvar and ovarian cancer. 


Corpus cancer staging 


Histopathology—degree of differentiation. Cases 
of carcinoma of the corpus should be grouped with 
regard to the degree of differentiation of the adeno- 
carcinomas as follows: 

1. Gl = s5% of a nonsquamous or nonmorular 

solid growth pattern. 

2. G2 = 6% to 50% of a nonsquamous or nonmo- 

rular solid growth pattern. 

3. G3 = >50% of a nonsquamous or nonmorular 

solid growth pattern. 


Notes on pathologic grading 

1. Notable nuclear atypia, inappropriate for the ar- 
chitectural grade, raises the grade of a grade 1 or 
grade 2. tumor by 1. 

2. In serous adenocarcinomas, clear cell adenocar- 


cinomas, and squamous cell carcinomas, nuclear 


grading takes precedence. 

3. Adenocarcinomas with squamous differentiation 
are graded according to the nuclear grade of the 
glandular component. 


Rules related to staging 

1. Since corpus cancer is now surgically staged, pro- 
cedures previously used for determination of 
stages are no longer applicable, such as the find- 
ings of fractional curettage to differentiate be- 
tween stage I and stage IJ. 

2. Itis appreciated that there may be a small number 
of patients with corpus cancer who will be treated 
primarily with radiation therapy. If that is the 
case, the clinical staging adopted by FIGO in 1971 
would still apply but designation of that staging 
system would be noted. 

3. Ideally, width of the myometrium should be mea- 
sured along with the width of tumor invasion. 
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Summary of updated corpus cancer staging 

Stage IA G123 Tumor limited to endome- 
trium 

Invasion to <!4 myometrium 

Invasion >’ myometrium 

Endocervical glandular in- 
volvement only 

Cervical stromal invasion 

Tumor invades serosa and/or 

' adnexa and/or positive peri- 
toneal cytology 

Vaginal metastases 

Metastases to pelvic and/or pa- 

` raaortic lymph nodes 

Tumor invasion of bladder 
and/or bowel mucosa 

Distant metastases including 
intraabdominal and/or in- 
guinal lymph node 


Stage IB G123 ` 
Stage IC G123 

Stage IIA G123 
Stage IIB G123 

Stage IIIA G123 
Stage IIIB G123 
Stage IIC G123 
Stage IVA G123 


Stage IVB 


Definitions of the clinical stages in carcinoma of 
the vulva 


Stage 0 

Tis Carcinoma in situ, intraepithe- 

hal carcinoma 
Stage I , 

T1 NO MO Tumor confined to the vulva 
and/or perineum—=2 cm 
or in greatest dimension. No 
nodal metastasis ` 

Stage II 

T2 NO MO Tumor confined to the vulva 
and/perineum—>2 cm in 
greatest dimension. No 
nodal metastasis 

- Stage IH 

T3 NO MO Tumor of any size with: 

T3 NI MO (1) adjacent spread to the 
lower urethra and/or 
the vagina, or the 
anus, and/or 

T1 NI MO (2) unilateral regional lymph 
node metastasis 

T2 N1 MO 
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Stage IVA 
T1 N2 MO 


T2 N2 MO 


T3 N2 M0 

T4 any N MO 
Stage IVB 

Any T, any N; M1 












Tumor invades any of the fol- 
lowing: 
upper urethra, bladder mu- 
cosa, rectal mucosa, pelvic 
bone, and/or bilateral re- 
gional node metastasis 


Any distant metastasis includ- 
ing pelvic lymph nodes 
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Ovarian cancer 


Stage IA 


Stage IB 
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Chicago Area Schools of Medicine Obstetrics and Gy- 


necology Review Course, June 11-16, 1990, 
McCormick Center Hotel, Chicago, Illinois. 44 
hours Category I, 44 Cognates, Formal Learn- 
ing, ACOG. For information contact: The 
University of Chicago, Center for Continuing 
Medical Education, 5841 S. Maryland Ave., 
Box 139, Chicago, IL 60637. Tel.: (312) 702- 
1056. ` 


Basic Colposcopy, Advanced Colposcopy and HPV 


Update, Colposcopic CO, Laser Surgery 
Postgraduate CME Category 1 Courses, April 
18-20, 1990. Caesars Palace, Las Vegas, Ne- 
vada. For information contact V. Cecil Wright, 
MD, Program Director, 887 Richmond St., 
London, Ontario, Canada N6A 3J1, or by 
phone at (519) 438-1411; or Mary Ann Rio- 
pelle, Course Coordinator, care of Biomedical 
Communications, 3609 Cason St., Houston, 
TX 77005, or by phone at (713) 224-7580. 


2nd Annual Review Course in Obstetrics and Gynae- 
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cology, May 1-5, 1990, Hilton International 
Toronto, Toronto, Ontario, Canada. AMA 


Bound volumes available to subscribers 


Category 1 credit hours. For further infor- 
matiòn contact: Continuing Education, Fac- 
ulty of Medicine, University of Toronto, Med- 
ical Sciences Building, Toronto, Ontario, Can- 
ada M5S IA8. Tel.: (416) 978-2718. 


Updates ‘in Obstetrics & Gynecology, June 19-22, 


1990, Ramada Renaissance Hotel, Jerusalem, 
Israel. Cosponsored by the Departments of 
Obstetrics and Gynecology, The Mount Sinai 
Medical Center, New York, and The Israel 
OB/GYN and Hadassah Medical Organiza- 
tion, Israel. For information contact: Judah 
Friedman, Secretariat, Mount Sinai Medical 
Center, Department of Obstetrics and Gyne- 
cology, Box 1170, New York, NY 10029. Tel.: 
(212) 241-5786. Fax: (212) 360-6917. 


A Postgraduate Course in Colposcopy, Hysteroscopy 


and Laser Surgery, sponsored by Saint Jo- 
seph’s Hospital of Atlanta, June 6-9, 1990, 
The Ritz-Carlton Buckhead, Atlanta, Georgia. 
For information contact:. Michele Nickol at 
(404) 851-5864. ` 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1990 issues from the Publisher, at a cost of $56.00 ($79.00 
international) for Vol. 162 (January-June) and Vol. 163 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 


volume. The binding is durable buckram with the JouRNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact The C.V. 
Mosby Company, Circulation Department, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146-3318, USA; phone (800) 325-4177, ext. 7351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. 





(Il. INTERNATIONAL SYMPOSIUM ON 
CONTRACEPTION: 
New Aspects in Female Contraception 

Recent Advances in the Regulation of Male Fertility 

(Satellite Symposium WHO) 

Heidelberg, West Germany 

June 19-23, 1990 

The 3rd international Symposium on Contraception will be held 
at the congress center (Stadthalle) in Heidelberg, West Ger- 
many, from June 19 to 23, 1990. President: Prof. Benno Run- 



































OBSTETRICIAN/ 
GYNECOLOGIST 


Board eligible or certified general ob- 
stetrician/gynecologist to practice at 
university medical school affiliated 
hospital in Rome, NY, in a private 
practice with Board certified obstetri- 
cian/gynecologist. The community is 
an excellent environmental setting lo- 
cated at the foothills of the scenic 
Adirondack Mts. A Medical College 
appointment at State University of 
New York Health Science Center- 
Syracuse will be offered. Salary 
guaranteed for the first year at 
$120,000 with other additional bene- 
fits. Please submit curriculum vitae to: 


Michael S. Baggish, M.D. 
Professor and Chairman 
736 Irving Avenue 

Suite 308, West Tower 
Syracuse, New York 13210 


nebaum, M.D., Dept. OB/GYN, Division Gynecological Endo- 
crinology, University of Heidelberg. This program will include 
plenary lectures, free oral and poster communications. Head- 
lines of the Symposium are: population growth, fertility, 
epidemiology, oral contraceptives (risk benefit analysis, malig- 
nancy, cardiovascular side effects, metabolic side effects), long 
acting contraceptives (implantables, injectable progestagens, 
monthly estrogen/progestagen injectables, vaginal rings, per- 
cutaneous systems), conventional methods, sexually transmit- 
ted disease and family planning, intrauterine devices (safety 
data, new intrauterine copper IUDs, progestagen releasing 
IUDs, Chinese IUD), sterilization techniques, immunology and 
female reproduction (vaccine-based hCG injections, sperma 
antigens, trophoblastic membrane antigens, LH-RH vaccines), 
antigestagens, recent advances in the regulation of male fertility 
(Satelite Symposium WHO). 

The deadline for submission of abstracts to be considered for 
presentation is March 1, 1990. 

Registration fees: US $200,-until February 1, 1990; US $300,- 
after February 1; students US $50,-. No registration fee for 
WHO symposium. 

For further information please contact: Thomas Rabe, M.D. 
(organizer), Ludwig Kiesel, M.D. (organizer), or Klaus Grun- 
wald, M.D. (secretariat), Universitats-Frauenklinik, Vofstr. 
9, D-6900 Heidelberg, telephone: West Germany / 6221 / 56 
50 72; Fax: West Germany / 6221 / 56 27 13 


THIRD WORLD CONFERENCE ON 
FALLOPPIAN TUBE IN HEALTH 
AND DISEASE 
Kiel, West Germany 
July 3-6, 1990 


“Program Committee Chairman: Profes- 
‘sor Kurt Semm, West Germany. 
Scientist (M.D. and Ph.D.) are invited to 
submit related scientific papers for possi- 
ble inclusion in the final program. 
Deadlines: January 15, 1990 Submis- 
sion of Abstract by Title. 
March 12, 1990 Submission 
of Expanded Abstract. 
April 30, 1990 Final Program. 


For further information and submission of 
abstract, please contact:. 


Professor Kurt Semm 
Department of Obstetrics 
and Gynecology 
University of Kiel and 
Michaelis Midwifery School 
MichaelisstraBe 16, D-2300 Kiel 1, 
West Germany - 
Tel.: 0-431/597-2053 





OB/GYN CHIEF 
PACIFIC NORTHWEST 


The Department of Obstetrics and 
Gynecology at Emanuel Hospital and 
Health Center in Portland, Oregon is cur- 
rently accepting applications for the pos- 
ition of Chief of Obstetrics and Gynecol- 
ogy. This hospital-based position is in a 
554 bed tertiary hospital in the beautiful 
Pacific Northwest, sixty minutes from the 
Oregon Coast, Cascade Mountains and 
Columbia River Gorge. Applicants must 
be board certified in OB/GYN, have ad- 
ministrative, clinical, teaching, and re- 
search experience. For confidential con- 
sideration, please send CV to: 


Lorraine Bivalec, Vice President, | 
Womens & Childrens Division 
Emanuel Hospital & Health Center 
2801 N. Gantenbein 
Portland, OR 97227 
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OBSTETRICIAN- 
GYNECOLOGIST 


29 member multispecialty clinic seeking 
BC/BE physician to join two member de- 
partment. Office ultrasound and colpos- 
copy available. Over 900 births a year. 
North Country Hospital i isa90 bed secon- 
dary care center.’ 


Bemidji, MN is a college community of 
15,000 located in the beautiful lakes and 
trees area of northern Minnesota. Year 
round recreational activities. 


Excellent compensation package avail- 
able. Respond to Mr. Chuck Lowery, Ad- 


ministrator, Bemidji Clinic-MeritCare ~ 


1233 34th St. NW, Bemidji, MN 56601 or 
call 218-751-1280. 


‘rs Bemidji eis 


MeritCare 

















rA: 
Life. 
It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing - 
doctors from the financial baggage of the private practi- 
tioner. 


Group Health Plan isn’t for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with the Medical Recruiter at 
(814) 993-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 63141. An equal opportunity 
employer. . 


i 
GROUP HEALTH PLAN 





PENNSYLVANIA 
NURSE MIDWIFE 


4th CNM needed to join 3 CNM 5 OB, - 


GYN practice. Full scope practice in 


supportive environment: Exceptional 


opportunity for a Certified Nurse-Mid- 
wife to excel and grow with this leader 


in health care. We are a 200+ physi- . 


` cian multi-specialty clinic in N.E. PA. 


We are affiliated with the 366 bed 
Robert Packer Hospital. We offer: At- 


tractive Salary, Outstanding Benefits. 


The area offers: East access to NY 
and PA recreational and cultural ac- 
tivities, Reasonable cost of living, Ex- 
cellent school systems. If you want to 
be a part of this dynamic, aggressive, 
growing corporation, send resume to: 
Guthrie Clinic, Guthrie Square, Sayre, 


PA 18840. Attn: Human Resource Di- 


‘rector, (717) 888-5858. 


SOA 











Chairman, Department of 
Obstetrics & Gynecology 


divisional level.“ 

strong research 

and fellow educatio 

of the largest obste 

care programs in the co 
academic appointment is 


university affiliated program 


The hospital is committed to equ 

in its hiring practices and encoura 

and minority applicants. Inquiries s 
directed to: Robert A, Miller, M.D., Dep 

of Pediatrics. Cook County Hospital, 1835 
Harrison Street, Chicago, IL 60612. 





@) Cook County Hospital 





PERINATOLOGIST 


Mount Auburn Hospital, a Harvard Medi- 
cal School affiliated hospital in Cam- 
bridge, Massachusetts, seeks board eligi- 
ble perinatologist to join an established 
group. This is a new position with excel- 
lent potential for development in collab- 
oration with Massachusetts General Hos- 
pital and other hospitals. A new obstetri- 
cal unit and level I! nursery will be ready 
in the Spring of 1990. We offer a competi- 
tive salary and benefits. Appropriate clin- 
ical appointment at Harvard Medical 
School is available. We are an equal op- 
portunity employer. 

Send letter and c.v. to: 


Martin B. Wingate, M.D., Chairman 
Department of Obstetrics 

and Gynecology 
Mount Auburn Hospital 
330 Mount Auburn Street 
Cambridge, MA 02238 
(617) 499-5161 



















The Southeast 
Permanente 





Medical Group, Inc. | 


O N M V E 


Southeast Permanente Medical Group, Inc. is one of g 
specialty group practices in the region. Our physician-owned/managed 
multi-specialty group provides medical care to members of the Kaiser 
Permanente Medical Program. Due to our growth in membership, we 
are currently seeking a BC/BE OB/GYN to join our physician team. 


As a physician member of our medical group, you will enjoy professional 
flexibility and enrichment without the burdens of managing a private prac- 
tice. In addition to top compensation, we offer a full competitive benefits 
package which includes paid professional liability. 


Located in Atlanta, GA, you will enjoy the cultural and recreational 
amenities of a cosmopolitan lifestyle, complemented by a sense of 
“southern hospitality’. Affordable housing, outstanding educational 
peins, and a year-round temperate climate will enhance your personal 
ifestyle. 


To learn more about the unique practice opportunities with The Southeast 
Permanente Medical Group, Inc., please call or forward your curriculum 
vitae to: 


Jennifer Johnson e 
Director of Professional Recruitment ome 


THE SOUTHEAST PE! 
MEDICAL GROUP, INC. 
Dept. 00001 


pt. 
3355 Lenox Rd., Suite 1000 Good People. Good Medicine. 


marr rk © An Equal Opportunity Employer 






Chairman Department of Obstetrics/Gynecology | 


; ®© 
KAISER PERMANENTE 
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KAISER PERMANENTE 
OBSTETRICIAN-GYNECOLOGIST:. The 
Permanente Medical Group, Inc., of San | 

Jose, California is looking for BC/BE physi- 
cians for immediate openings in the OB/GYN | 
Department. Positions available either at the 
main facility in San Jose or at satellite medical 








- offices in Gilroy. The young, dynamic Depart- 


ment is still growing and currently has nine- 
teen physicians and two nurse practitioners. 
Salary is competitive and includes full cover- 
age malpractice insurance and an outstand- 
ing benefits package. San Jose and Gilroy 
share excellent access to Bay area cultural 
and recreational activities. 
Please contact: 
Jerome L. Nehemiah, M.D. 
l Chief 
Department of OB/GYN 
The Permanente Medical Group, !nc. 
260 International Circle 
San Jose, CA 95119 














The Department of Obstetrics/Gynecology at the 
University of Missouri-Kansas City School of Med- 
icine is seeking a board certified or active candidate 
in obstetrics/gynecology to function as a faculty 
member. Responsibilities will be split between ter- 
tiary level Truman Medical Center-West and Tru- 
man Medical Center-East, a Family Practice Resi- 
dency training hospital. He or she will participate 
in patient care, education of residents and medical 
students, and clinical research. Compensation and 
academic rank are competitive and contingent 
upon experience. 


Please call or send curriculum vitae to: 
James Youngblood, M.D. 








A reer 


Truman Medical Center 
2301 Holmes 

Kansas City, MO 64108 

(816) 556-3454 

or f 
Bennett Walstatter, M.D., Chief, OB/GYN Services 
Truman Medical Center-East 

7900 Lee’s Summit Road 

Kansas Gity, MO 64139 

(816) 373-6228 
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MATERNAL-FETAL MEDICINE 
FACULTY POSITION 


The Department of Obstetrics and Gynecol- - l 


ogy, University of Florida College of Medicine, 
under the direction of Byron J. Masterson, 
M.D. Professor and Chairman, is seeking ap- 
plicants for one full-time, tenure accruing fac- 


ulty position with the rank of Assistant Profes- ` 


sor, Associate Professor or Professor for the. 
Division of Maternal-Fetal Medicine.: 


Board eligibility or certification in Maternal- 


Fetal Medicine and Genetics is required. Ap- 


. pointment is contingent upon having acurrent 


“and experience. Application deadline: 3/16/ _ 
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Florida medical license. 
Salary and rank commensurate with training 


90. Anticipated starting date: 7/1/90. 
Send curriculum vitae to: 
Amelia C. Cruz, M.D. 
Department of Obstetrics and Gynecology ` 
J-294 JHMHC 
University of Florida College of Medicine 
Gainesville, Florida 32610 

“An Equal Employment Opportunity/ 

Affirmative Action Employer” - 





Two obstetrician/gynecologists needed to > 
join university-affiliated Health Mainte- 
‘nance Organization. Clinical faculty ap- ` 
pointment with University of South 
Alabama College of Medicine, Depart- 
ment of Ob/Gyn. Clinical teaching oppor- 
tunities available in addition to patient 
care responsibilities. 

Subspecialty referred on site as well as 
cross-coverage by clinical faculty for 
obstetrical patients. Competitive compen- 
sation. 

H.W. Mendenhall, M.D.. 
Professor and Chairman 
- University of South Alabama - . 
College of Medicine 
Department of Ob/Gyn. 
` 2451 Fillingim Street 
Mobile, Alabama 36617 
(205) 471-7943 
University of South Alabama is a Equal 
Opportunity Employer 





Obstetrics and Gynecology ` 
Maternal/Fetal Medicine Specialist 
The Western Pennsylvania Hospital is seeking a 
second BC/BE specialist in Maternal/Fetal Medicine 
to join a rapidly growing division of Maternal/Fetal 
Medicine ina 550 bed tertiary care center. This is 
a unique opportunity in that major teaching, clinical 


‘and research opportunities are available in this - 
university affiliated center. A fully accredited inde- - 


pendent Ob/Gyn Residency training program is in 


place. This is a level Ill tertiary care center with a ~ 
30 bed neonatal intensive care unit. The Maternal/ 


Fetal Medicine service accepts high risk maternal 


transports from throughout the tri-state area. A . 


full range of genetic services are also performed 
at the institution, including chorionic villi sampling, 


amniocentesis, and genetic counseling. Aresearch - 


building is currently being built, and opportunities 
are available for both basic and clinical research. 
This position offers a state of the art practice op- 
portunity, an attractive compensation package, 
and the chance for one to be creative. Send your 
CV to: . 

Mark Caine, M.D. - 

- Director, Maternal/Fetal Medicine 
Department of Obstetrics and Gynecology 
West Penn Haspital 
-4800 Friendship Avenue 

` Pittsburgh, PA 15224 





- -MATERNAL FETAL MEDICINE 


UNIVERSITY OF TEXAS MEDICAL 
' BRANCH AT GALVESTON 


Faculty position in the Division of Mater- 
nal-Fetal Medicine in the Department of 
Obstetrics and Gynecology at the Univer- 
sity of Texas Medical Branch at Galves-. 


` ton. Successful candidates should be. 


board certified or eligible in maternal fetal 
medicine. They should have a commit- 
ment to an academic career. Academic 
rank: is commensurate with qualification 
and experience. Interested candidates 
please send curriculum vitae to Garland 
D. Anderson, M.D., Professor and Chair- 
man, Department of Obstetrics and 
Gynecology, University of Texas Medical: 
Branch at Galveston, Galveston, Texas - 
77550. l 
UTMB is an equal opportuni M/F/H/V l 
Affirmative Action employer. : 


UTMB hires only individualis authorized 
to work in the United States: 





OBSTETRICIAN/GYNECOLOGIST 
KAISER PERMANENTE 


Kaiser Permanente’s Kansas City Region 
is experiencing continuous membership 
growth and is seeking BC/BE OB-GYN 
Physicians. Our six medical offices are 
strategically located throughout the city, 
and we offer: 


« Academic Affiliation With Two Tertiary 
Care Hospitals 
Excellent Salaries/Benefits 
Family Oriented Metropolitan Area 
Fully Paid Malpractice Insurance 

¢ Scheduled Time Off 

* Student Loan Forgiveness Program 

e Tail Coverage Allowance For Physi- 
cians Currently In Practice 


Send CV or call Larry V. McDonald, M.D., 
6900 Squibb Road, Suite 200, Shawnee 
Mission, KS 66202, (913) 722-8418. 


SAN FRANCISCO BAY 
REGION 


Openings for 2 Ob-Gyns and 6th Maternal-Fetal 
Medicine Specialist in Silicone Valley. Consulta- 
tions, and teaching of 12 Ob-Gyn residents and 4 
interns. Malpractice liability insurance included in 
excellent fringe benefits. Patient care opportunities 
allow for individual's emphasis and practice prefer- 
ence. Excellent opportunities for clinical research. 


Consultations in-house and for community Ob-Gyn 
physicians. Daily rounds and conferences. 3,600 
deliveries per year. 45,000 clinic visits. 200 mater- 


nal transports and 500 regional consultations are ` 


associated with active outreach education pro- 
grams. Ultrasound in MFM. Excellent scope of gyn 
surgical complex pathology and ectopic pregnan- 
cies. Easy access to San Francisco, Santa Cruz, 
the mountains and the ocean. Especially attractive 
climate and location. 


California license. Salary negotiable. ABOG cer- 
tified or active candidate. SCVMC is an equal op- 
portunity employer. . 


Send C.V. to Carol Skinner, Administrative Man- 
ager, Department of OB-GYN, Santa Clara Valley 
Medical Center, 751 Bascom Ave., San Jose, CA 
95128. Phone: (408) 299-6331. 


Practice in beautiful ithaca, NY 


All of the advantages and none of the head- 
aches of a solo practice! BC/BE OB/GYN 
needed for our new comprehensive Ob/Gyn 
Service. We have a reputation for quality care 
and excellent management. You'll be free to 
practice medicine without the pressures of 
administrative, personnel and financial wor- 
ries. Competitive salary, excellent benefits 
including malpractice, new facility. Beautiful 
Finger Lakes region, home of Cornell Univ. 
Begin Fall 1990. Send CV to Executive Direc- 
tor, Planned Parenthood of Tompkins County, 
314 W. State St., Ithaca, NY 14850. 


Planned 
Parenthood" 


of Tompkins County” 


Excellent opportunity for a board certified 
Chief of Obstetrics and Gynecology in a 
teaching position, South Louisiana 55 
miles from New Orleans. Program con- 
sists of 16 residents, 6 of whom are in- 
volved at all times in this integrated institu- 
tion of the Ochsner Medical Foundation 
located in New Orleans. Very active high 
risk obstetrical and gynecologic surgical 
service compose the patient population. 
Present staff consists of one full time 
board certified Obstetrician-Gynecologist 
with excellent consultative ability with 
major subspecialties. Salary very com- 
petitive with superb fringe benefits. 


Contact: Dr. Alvin H. Lassen, 
Medical Director 
South Louisiana Medical 
Center 
1978 Industrial Blvd. 
Houma, Louisiana 70363 
Phone: (504) 873-1265 











LARA 








- 2545 Dr. Martin Luther King Dr., ae 





well- established HMO serving its members in . 


` 20 Health Centers’ throughout the Chicago 


Metro iarea, is seeking additional Board Certi- 
fied/ Eligible physians in’ the following 
specialni 


Obstetrics 
" Gynecology 


Physicians ' with the Health Plan enjóy a full 
practice with modern. facilities and equipment 
as well:as opportunities for’teaching.” 


A highly- -competitive salary and excellent ben: l 


efits complement a Tewarding practte and 
lifestyle. , 


Interested ‘applicants should address inquiries to: J 





Scott P. Smith, M.D. 
MICHAEL REESE HEALTH PLAN i 


Chicago 60616 - 
or call (312) 808-4551 | 


a an equal opportunity employer milih w 


PERINATOLOGIST — 


Bayfront Medical Center is affi liated with USF College 
of Medicine and is widely known for its progressive : 
medicine.and quality patient care. : 


We seek a perinatologist for our Bayfront Outpatient 


OB/GYN Department. The community based clinicis . 
an adjunct of Bayfront’s Level lil Obstetrics and Neo- 
natal Centers. 4000 babies a yearare delivered and ; 


_ cared for in these centers. 
` Your responsibilities will include an 


equal balance of private practice 
and residency teaching in a fully ` 


-accredited community based 
` OB/GYN residency. There will be re--. 


search opportunities and profes- 
sional challenges when you join our 
full-time faculty of three OB/GYN 
generalists and one perinatologist. : 


We offer excellent salary and bene- ` 

fits, a strongly supportive environ- 

ment and the pleasures of Gulf Coast living. Please 
send curriculum vitae to: Charles M. uoa M. D., 
oe Medical Center. - 


g ) Ba ront 
g ayfront, 
{ our Dest 


« 701 Sixth Street South ` logether 
St. Petersburg. FL 33701-4814" 


An Equal Opponuniy Employer 





Nica Reese Health Pan | 


` The Michael Reese Health Plan; a bige 


 OB/GYN OPPORTUNITIES IN 
NORTH CAROLINA ` 


North Carolina needs board certified/ 7 
board eligible OB/GYNS to practice in 


`- modern, fully-equipped community health 


centers offering full spectrum of obstetri- 
cal services regardless. of ability to pay. 

Federal or State funding with full-time ad- 
ministrators and local governing boards. - 


- Attractive peteaien package avail- 
` able. me 


Call Joe Robbins or Judi ‘Ashbaugh col- R 


‘lect-to discuss the advantages of living in 


North Carolina and our sensitive place- 

ment services. .If your professional and 
personal needs match those of the com- 

munities, the State will subsidize your | in- 

terview legs 


(919) 733-2040 


-NORTH CAROLINA STATE OFFICE 
‘OF HEALTH RESOURCES 
~ DEVELOPMENT 





WORCESTER, 
= -MASSACHUSETTS | 
OB/GYN ASSOCIATE 


. BE/BC | 


i Join Established Busy 2 Doctor Group Af- 
filiated With Major. Teaching Hospital/ 


Urban to Rural Lifestyle. With Excellent 
Educational Systems. ` 


s EXCELLENT COMPENSATION PACK: 


AGE INCLUDES: 
Salary | =. 
¢ Malpractice 
Paid CME & Vacation 
Relocation Expenses . 
And Much More. 


- Senid-Or Fax CV To: 
_ Judy Goodney 


Director of Professional Relations ` 
Central Massachusetts Health Care, Inc. 
100 Front Street, Suite 300 


` Worcester, MA 01608 


(508) 798-8667 FAX (508) 798-3069 






























SPECIAL DELIVERIES. 












you to join a unique prepaid health care program. Our 
multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed ` 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 


surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 


G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013. (714) 829. 5365. 


' Equal WT, Employer M/F/H 
i 


KA 


KAISER PERMANENTE 
Good People. Good Medicine. 


OBSTETRICIAN/ 
GYNECOLOGIST 


Mount Auburn Hospital, a Harvard Medical 
School affiliated hospital in Cambridge, Mas- 
sachusetts, seeks board eligible obstetrician/ 
gynecologists to join an established ob/gyn 
group. Skills in general ob/gyn, colposcopy, 
laparoscopy, urodynamics and laser surgery 
are desirable. Interest in primary ob/gyn care, 
teaching medical students, and collaborating 
with nurse practitioners and midwives is es- 
sential. A new obstetrical unit will be ready in 
the Spring of 1990. We offer a competitive 
salary and benefits. Appropriate clinical ap- 
pointment at Harvard Medical School is avail- 
able. We are an equal opportunity employer. 


Send letter and c.v. to: 


Martin B. Wingate, M.D., Chairman 
Department of Obstetrics and Gynecology 
Mount Auburn Hospital 

330 Mount Auburn Street 

Cambridge, MA 02238 

(617) 499-5161 


SPECIAL CHALLENGES. 


The Souther California Permanente Medical Group invites 







coverage, vacation and sick leave, continuing education, life in- 









For a physician application, please call or write to: William 






























OB-GYN ASSOCIATE wanted 
to join established Two Doctor 
-< Group in Plainview, Long Island! 
BUSY PRACTICE with nice mix 
of obstetrics and operative 
gynecology. Hospital affiliations 
include both Community and 
University Facilities. Offering 
salary first year; then partial 
profit share leading to full 
partnership. Candidate must be 
Board Eligible and ready to start 
July 1990. 























For an interview appointment 
call (516) 935-3366. 


Chairperson 
Department of 
Obstetrics and Gynecology 
Medical College of Ohio 





The Medical College of Ohio invites nominations and ap- 
plications for the position of Chairperson, Department of 
Obstetrics and Gynecology. Applicants must be board-cer- 
tified in obstetrics and gynecology and must be qualified for 
an academic appointment at the rank of Professor. This is an 
excellent professional opportunity for individuals with sub- 
‘stantial background and expertise in research, academic 
leadership and clinical experience. The successful applicant 
will have the opportunity to expand research programs and 
to administer a multi-faceted clinical and teaching program. 


Applicants with curriculum vitae should be submitted to: 


Carl E. Hunt, M.D. 
Chairman, Department of Pediatrics 
Chairman, Obstetrics/Gynecology Search Committee | 
Medical College of Ohio 
_ P.O. Box 10,008 
Toledo, Ohio 43699-0008 


The Medical College of Ohio is an affirmative action/equal 
opportunity employer. 
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- OB/GYN: 


Beautiful Oiesen Coast; 21 
physician multispecialty group 
with three OB/GYN MD’s and 
one certified nurse midwife look- 
ing for another BC/BE OB/GYN 


MD to join state of art facility. 
In-house Day Surgery Center 
with laser. Great potential and 
life-style. Contact Marce Knight 
at 1-800-234-1231 or 503- 267- 
5151. 


THE UNIVERSITY OF TEXAS 
MD ANDERSON 
CANCER CENTER 


The Department of Gynecology is seeking 
qualified applicants to fill research fellowship 
positions in academic gynecologic onocology 


starting July 1990. Selected fellows will spend _ 
one to two years engaged in basic and clinical. 


research under the direction of senior staff 


members. Upon completion of this. new NIH . 


research fellowship, certain individuals may 
be qualified to enter the regular two-year clin- 
ical fellowship. Applicants must have com- 
pleted a U.S. approved residency in Obstet- 
rics and Gynecology prior to their appoint- 
ment. Interested individuals should call 


713/792-2770 for further information or send . 


C.V. to: 


Mitchell Morris, M.D. 
Department of Gynecology-67 
UT M.D. Anderson Cancer Center 
1515 Holcombe Bivd. 
Houston; Texas 77030 


AN. EQUAL OPPORTUNITY EMPLOYER 
MINORITIES ARE ENCOURAGED TO APPLY 





Central Minnesota 
Group Health Plan 


OB/GYN | 


Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer- 


tified OB/GYN physicians. New clinic facility 


in the fastest growing urban area in Minne- 
sota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul. Be close to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 
staff and receive competitive salary, outstand- 


-ing benefits, liberal vacation and educational 


leave, malpractice coverage, etc. Contact 


‘Physician Services, Central Minnesota Group 


Health Plan, 1245 15th Street North, 
St. Cloud, MN 56303. 612/253-5220. EOE. 





GENERAL OB/GYN 

The Department of Obstetrics and Gyne- ` 
cology, University MacDonald Women’s 
Hospital, University Hospitals of Cleve- 
land, and the Department of Reproductive 


` Biology, Case Western Reserve Univer- 


sity, is recruiting a Board Certified or Ac- 
tive Candidate at the Assistant or As- 
sociate Professor level. The candidate — 
must be a skilled gynecologic urologist 


with advanced training in urodynamic 
- studies and pelvic and female urologic 


surgery. The position will be available July 
1, 1990. Interested candidates should 
send their curriculum vitae to. 


Wulf H. Utian,- M. D. 

Director 

Department of Ob/Gyn 

University Hospitals . 

2074 Abington Road 

_ Cleveland, OH 44106 

Phone: 216/844-3334 
The University is an equal opportunity/af- 
firmative action employer. 





 BC/BE OBSTETRICIAN/ 
GYNECOLOGIST 


Lucrative practice located just 20 miles . 


north of Santa Fe, New Mexico: on the 
Rio Grande River in the community of Es- 


panola. Income guarantee, office, and re- _ 


location expenses are all part of the first 
year's financial package which is offered 
by the Hospital. This is a modern, fully 


equipped, 80-bed hospital. New Mexico’s . 
per occurrence malpractice insurance is: 


also paid the first year, and the Hospital 
is open to negotiations in helping the right 
physician with their claims made tail. For 
additional information, please contact Bill 
Norris at .1-800-545-4030, extension 
6320, or Mr. Grant Nelson, Administrator 
of Espanola Hospital, at 505-753-7111. 


You may mail your C.V. to Southwest 


Community Health Services, P.O. Box 


26666, Albuquerque, New Mexico 87125. | 


(Attn: Bill Norris): 


MATERNAL-FETAL 
| MEDICINE 
(Board eligible or Certified) 


600 Bed University-affilited Level IIl Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and. Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 


include residency teaching, maternal 


transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair i in very close 
proximity. . 


CALL COLLECT: 31 3-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
GROSSE POINTE, MI 48236 


OBSTETRICIAN 
GYNECOLOGIST 


“Expanding ‘Western Massachusetts staff model 


Health Maintenance Organization is seeking a full- 
time Board Certified/Board Eligible Obstetrician/ 
Gynecologist to join a staff of eight (8) physicians and 
six (6) midwives. 


Our multi-specialty group practice employs seventy 


(70) full-time physicians and provides care for a grow- 
ing membership of over 70,000 from modern subur- 
ban facilities, in-patient care is provided at 900-bed 


Tufts affiliated teaching hospital. 


Attractive Pioneer Valley location with fine educa- 
tional, cultural and recreational opportunities. 
Excellent salary and comprehensive benefit pro- 
gram. Please send curriculum vitae to: 
Oded Rencus, M.D., Chief of OB/GYN, 305 Bicen- 
tennial Highway, Springfield, MA 01118. 


"Medical West 
Len! Community Health Plan 
: WAU A BLUE CROSS & BLUE SHIELD HMO 


` © Wé are an equal opportunity/affirmative action employer 


MATERNAL-FETAL MEDICINE SPECIALIST 


Tertiary Medicine 
" Without the Big City! 
Our client, a major group practice nestled in the 
scenic hills of Pennsylvania, has 550+ bed 
tertiary center, level I trauma, level IH NICU, 
and serves 3MM people at 43 practice sites. 
They have 430+ attendings, 200 residents/ 
fellows in 21 programs. 


Innovative OB Depariment/ 

Fully Accredited Training Program 
The satellites provide continuous referrals to 
the main center: 560 high-risk deliveries (<1% 
drugs and HIV) last year. Hi-tech support is in 
place including maternal-fetal transport system. 
OB staff of nine is young and well-credentialed. 
Goals for the.90’s include: recruitment of addi- 
tional OB's and considerable physical expansion 
of department. 


THE BEST OF BOTH WORLDS! 


Besides clinical challenges, this position comes 

with a Jefferson academic appointment. Salary 
- and benefits are excellent: TDA’s, malpractice, 

4 wks vac, 4 wks CME, much more. Investigate 

the wonderful blend of clinical and academic 
„worlds! 


t Call Jean Caulfield 
ues Ne today for full details 
in confidence or send 


P.O. Box MQ 
your CV and requesta 
Case. i aoe complete summary. 
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MATERNAL-FETAL MEDICINE 
POSITIONS - 
DEPARTMENT OF OBSTETRICS AND 

GYNECOLOGY 
UNIVERSITY OF ILLINOIS HOSPITAL 
CHICAGO, ILLINOIS 


Due to unforeseen circumstances, the Department 


of Obstetrics and Gynecology at the University of 
Illinois has two first year Fellowship positions avail- 
able in Maternal-Fetal Medicine beginning July 1, 
1990. This is a two-year accredited Fellowship pro- 
gram in which both clinical and research training 
are emphasized. 


The Fellowship program at the University of Illinois 
Hospital and the affiliated Michael Reese Hospital 
is the largest perinatal clinical service in the City 
of Chicago, with more than 7000 deliveries per 
year, approximately 50% of which are high risk. 
There is an active prenatal genetic program includ- 
ing CVS. A large baboon colony is available for 
basic perinatal research. in addition to an active 
MD and clinical research faculty, the department 
employs five basic science Ph.D. faculty. Resi- 
dents who are interested in applying for the Fellow- 
ship should contact Andre Bieniarz, M.D., Director, 
Maternal-Fetal Medicine Fellowship, Department 
of Obstetrics and Gynecology, University of Illinois 


College of Medicine, 840 S. Wood Street, Chicago, 


IL 60612. 
An affirmative action/equal opportunity employer. 








Join a Leader 
We’re The Ohio Permanente Medical 
Group, Inc. 


and we are looking for board certified/board eligible 
Ohstetrician/Gynecologists to help us keep up with rapid 
growth of the Kaiser Permanente Program in Northeast- 
ern Ohio. OPMG is the multispecialty group practice 
that provides health care services to the more than 
185,000 Kaiser members in the Cleveland-Akron area. 
Our wealth of experience of over 40 plus years (25 in 
Ohio) makes Kaiser Permanente a mature, solid, leader 
in the managed care sector of the health care industry. 


The rewards of practice with us are substantial—excel- ' 


lent salary and benefit packages, company-paid retire- 
ment plan, full malpractice coverage, a stimulating, col- 
legial environment in which to practice quality medicine, 
and more. 

Kaiser Permanente’s Ohio Region is located in the heart 
of the dynamic, resurgent industrial Midwest. The area 
offers the best of big city sophistication and culture in 
an affordable, accessible living area. 

Please send your resume to: Ronald G. Potts, M.D., 
Medical Director, Ohio Permanente Medical Group, Inc., 
1300 E. 9th Street, Suite 1100, Cleveland, OH 44114. 
Or you may call us collect at (216) 623-8780. 


VA 


KAISER PERMANENTE 





CHIEF OF MATERNAL 
FETAL MEDICINE 
UNIVERSITY OF TEXAS MEDICAL 
BRANCH AT GALVESTON 


Faculty position in the Division of Maternal- 
Fetal Medicine in the Department of Obstet- 
rics and Gynecology at the University of 
Texas Medical Branch at Galveston. A highly 
qualified individual is sought to become the 
Chief òf the Maternal Fetal Medicine Division. 
Successful candidates should be board cer- 
tified or eligible in maternal fetal medicine. 
They should have a proven record of research 
and commitment to an academic career. Aca- 
demic rank is commensurate with qualifica- 
tion and experience. Interested candidates 
please send curriculum vitae to Garland D. 
Anderson, M.D., Professor and Chairman, 
Department of Obstetrics and Gynecology, 
University of Texas Medical Branch at Gal- 
veston, Galveston, Texas 77550. 

UTMB is an equal opportunity M/F/H/V Affir- 
mative Action employer. 

UTMB hires only individuals authorized to 
work in the United States. 


NORTHERN 
CALIFORNIA 


The Kaiser Permanente Medical Care Pro- 
gram of Northern California, San Francisco 
Bay Area, a federally qualified HMO, seek a 
board certified eligible physician for the De-’ 
partment of Obstetrics/Gynecology in our 
Richmond medical office for 1990. 


Competitive salary. 


Excellent benefits include full malpractice and 
medical coverage, paid vacation, holiday, 
education and sick leave, retirement plan and 
shareholder opportunity. 


Direct letter of introduction and curriculum 
vitae to: 
Victor A. David, M.D. 
Chief of OB/GYN 
Kaiser Permanente Medical Center 
901 Nevin Avenue 
Richmond, CA 94801 


or call collect (415) 231-4823. 





OB/GYN 


WANTED: Obstetrician/Gyne- 
cologist, Board Certified or eligi- 
ble physician to join existing 3 
member OB/GYN Department in 
22 member multi-specialty group 
practice in the Lakes Region of 


central N.H. Position offers an 
outstanding professional, finan- 
cial, and life-style opportunity. 
Respond with C.V. to Alan 
Awrich,M.D.,Laconia Clinic, 724 
Main Street, Laconia, NH 03246. 





PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder’s board 
covered in a rich simulated leather, each is designed to 
hold an entire year's issues. The Journal name is 
stamped in gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desk or any location in your home or office. 


































Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A.). U.S. funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Club, call toll-free: 
1-800-972-5858. 





Please send me library cases for 


AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 
at $7.95 each: 3 for $21.95; ó for $39.95, and $1 per unit 
postage and handling ($2.50 per unit outside the U.S.A.). 





(please print legibly or type) 





Name 
(no BO. boxes, please) Jesse Jones Industries 


Address 
City/State/Zip 499 East Erie Avenue 
Philadelphia, PA 19134 


PA residents add 6% sales tax Department Code: Mosby 
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CHAIRMAN, DEPARTMENT 
OF OBSTETRICS AND 
GYNECOLOGY 


Bridgeport Hospital, a 600 bed university af- 
filiated teaching hospital, is seeking a Chair- 
man of the Department of Obstetrics and 
Gynecology. The individual should be a rec- 
ognized clinician with administrative experi- 
ence. 


The candidate must be certified by the Amer- 
ican Board of Obstetrics and Gynecology and 
qualify for an academic appointment at Yale 
University School of Medicine. 


The hospital maintains a fully accredited resi- 
dency program with a full range of tertiary 
clinical services and hospital based faculty. 
There are 3,000 deliveries per year and gyne- 
cologic surgical procedures at the hospital. 


Interested applicants should forward their cur- 
riculum vitae to Thomas Kennedy, M.D., 
Chairman, Search Committee, Bridgeport 
Hospital, 267 Grant Street, Box 5000, 
Bridgeport, Connecticut, 06610. 





OBSTETRICIAN-GYNECOLOGIST 
KALAMAZOO, MICHIGAN 


A practice opportunity is available for a board elig- 
ible/board certified OB/GYN to join a well-estab- 
lished, progressive private practice group of 4. Com- 
petitive salary is being offered as wellas paid malprac- 
tice, health, life and disability insurance with eligibi- 
lity for partnership after 1 year. 


Bronson Methodist Hospital, a 465 bed tertiary care 
facility for southwestern Michigan, has a 500 member 
medical staff which includes 25 obstetrician/gyn- 
ecologists, 6 neonatologists and 2 perinatologists. An 
average of 3,200 deliveries are performed every year. 


Kalamazoo, located midway between Chicago and 
Detroit, offers diverse cultural opportunities. Lake 
Michigan’s sandy beaches and dunes are only minutes 
away and numerous lakes, hills and forests provide 
boundless recreational activities. Excellent schools, 
several colleges and a major university further contri- 
bute to a high quality life style. 


For more information, in confidence and no cost or 
obligation, respond with curriculum vitae or call: 


Debra C. Hartman 
Bronson Management Services 
Corporation 
210 East Vine St. 
Kalamazoo, MI 49001 
(800) 594-9022 or (616) 344-6444 
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ANNUAL CENTRAL PRIZE AWARD 


AND 


- CERTIFICATE OF MERIT AWARD 


OFFERED BY 


The Central Association 
of Obstetricians and Gynecologists 


1. The Central Association of Obstetricians and Gynecologists offers annual awards, totalling $3,000.00, for 
outstanding investigative or clinical work in the field of Obstetrics and Gynecology. 


2. Those eligible to compete are accredited physicians, teachers, research workers and medical students whose 
work was done within the geographic area of the Association (Alabama, Arizona, Arkansas, Colorado, Idaho, 
Illinois, Indiana, lowa, Kansas, Kentucky, Louisiana, Michigan, Minnesota, Mississippi, Missouri, Montana, 
Nebraska, New Mexico, North Dakota, Ohio, Onshons South Dakota, Tennessee, Texas, Utah, West Virginia, 
Wisconsin and Wyoming). ` 


3. n expressly for this competition, and they m riginal, not havin 


rpu li hed. Manuscripts will be considered for both the on ee and the ae 
bari a ae PRS ror otherwise in writing. 


4. For consideration for: this Award one (1) original copy and seven (7) blinded copies of the manuscript along with 
an abstract of not more than 150 words must be submitted to the Assistant Secretary no later than May 1, 1990. 
Both the abstract and the original manuscript should show the authors with their appropriate titles and medical insti- 
tutions as they would appear on a published paper. The seven blinded copies should have all references identifying 
authors and institutions removed. At least one of the authors must be a member of The Central Mesoclanan of 
Obstetricians and Gynecologists. 


5. The Annual Central Prize Award of $2000.00 and the Certificate of Merit of $1000.00 will be presented to 
the successful authors at the Annual Meeting of the Association. These papers shall.be presented by the 
: essayist(s) as part of the Scientific Program at the Annual Meeting, October 11, 12 and 13, 1990 at the Galt House 
in Louisville, Kentucky. The papers will. be offered for publication to the American Journal of Obstetrics and 
Gynecology with the scientific proceedings of the Association. i a 


6. For further details or to submit a manuscript write to Karl C. Podraiz, M.D., Mayo Clinic, W10B, 200 First Street 
S.W. Rochester, MN 55905. 


PLEASE POST ON HOSPITAL OR DEPARTMENTAL BULLETIN BOARD 
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The Obstetrics and Gynecology Review Course 


March 5-10, 1990 — San Francisco 
' June 4- 9,1990 — St. Louis Novy. 26-Dec. 1, 1990 — Chicago 


RO your comprehensive review of basic and clinical science 
eee by the Osler Institute | 


METHODS: 

e HOME STUDY MATERIALS with questions ond answers — 
o SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides : 

e PRACTICE EXAMS with oral and written parts 


OBJECTIVES: . 

` æ Increase basic knowledge and clinical skills in i 
e Assist residents and fellows.to study efficiently 
e Prepare candidates to take board exams . 

. œ Provide practicing gynecologists with an update | 





"Accommodations were comfortable... "ae 
GOALS AND LOCATION: This course 


` "The faculty was outstanding The most pleasant thing was learning a tremendous amount, . 
not only from world-famous authorities but from people who are relatively unknown as well."* 


; . TOPICS F ACULTY ` for Farii and practicing gynecologists . 
; om > $ is a comprehensive review and update of- 
Clinical Science Oncology eo! : Carolina Braga, M. B. B. S. | fered in the spring and fall. The fall is 
Surgical Anatomy Chemotherapy Üniv. of California, San Gh a ginko be oo 
Embryology Vulva and Vag a Panl Brenner, MD. tion. Your best value is to repeat the 
Radiol Cervi Gynecology 
adgiology, Cervix ` ” University of Southern California course for half price immediately before 
Genetics . Cousins, M.D. | your board exam. The meeting hotels will 
Teratol i Loma Linda Universiy 7 be the best combination of good study en- 
erato ogy f l ary Bonnie Dáttel, M.D. “vironment and bargain rates. Please 
Anesthesiology — - Trophoblast oe te e Professor z Ob-Gyn. git instruction before buying travel 
: tree A Niv. ol ornita, rancisco tic ets. 
Antibiotics | Breast Edward Hill, M.D. . 
Pathol B G i Er Ob. gg reai "and those little extras... 
atho logy enign ynéeo ogy niv. ol omia, 'rancisco 
Nicolette Horbach, M.D. LOWEST AIRFARES: Please call toll- 
Vulva Infectious Diseases Assistant Professorof Ob-Gyn. free 1-800-548-8185 and identify yourself. 
Vagina '  UrinaryRetention ` Univ. ~ Ireland, a gage with this Osler course. 
: , a Karen Irela a l 
Cervix oe Urinary Incontinence Orpen Foal Se kelia A ",.remarkably complete and pleasant. ie 
. Endometrium | Pediatric Gynecology Aitan Jacobs, M.D. PLACEMENT SERVICE: For a practice 
Myometrium Sexual Assault l a Te Ob-Gyn. opportunity write or call 1-800-356-7537. 
Ovary - Ectopic Pregnancy Conley Lacey, M. D. "...the most education for the money."* 
iosi i to logy ` |- 
a Placenta Endometriosis Soy Cin sn De el oy ` | FEES-AND CME. CREDITS: y 
pE ves! i usse ros . CME. Credit: ours 
. Reproductive . Maternal and . Prof. & Vice Chmn.of Ob-Gyn.. | Practicing Gynecologists: $690 
Endocrinology Fetal Medicine ci aie ai ee e Residents and Fellows: - $460 
Contraception Pharmacology Assistant Professor ct Ob-Gyn. e Repeating seminar within 3 years: half price ~ 
Infertility Diabetes Univ. of California, San Francisco e Optional extra day Dec. 2 (more questions, `. 
ae Wendell Wall, Jr., M.D. answers and pathology laboratory): $150 
Amenorrhea Hypertension Assistant Professor of ObGyn. e Add 10%within 10 days of the course. 
Abnormal Bleeding > Hematology ie debian anal | Attendees not in course hotel add $11/day. 
‘Androgen Antepartum Testin: ee D. Gyn. “æ Fees do not include lodging or meals. 
E , “Pps 1T OSUDE Oregon Health Science University e A deposit of $50 will reserve your position. 
Prolactin Premature Labor David Witt, M.D. e Most home study materials will be mailed 
Menopause Birth Trauma Genetics Department rer; San Jose -after half of the registration fee. is received. 


"home study material was earemely helpful"* 
Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 


: Í REFUNDS: Subject to a $50 fee, refunds 


Name - willbe made up until the seminar begins. 
dr ` `: eCancellation after mailing home study 
peste 2. i material requires retention of half the fee. - 
City/State/Zip Te : "I feel [the course] helped me pasi 
Phone f ` i : For: [] March'5-10,1990 ~.San Francisco ! INFORMATION: : 
EP ; Tine : : Joseph H. Selliken, Jr., M.D. _ 
Mail today to: Cy June 49, 1990 — St. Louis =}. "THE OSLER INSTITUTE 
. 1094 Dawn Lane, Dept. A2 U Now. ciate i, 1990 — cue 4 Pee ae Nee 
. P.O. Box 2218 E Check enclosed for $ ! (800) 356-7537 or (812) 299-5658 
Terre Haute, IN 47802 _ [© Please send more information : 
fh Fae ot Saute E devamtawaye E cabeusuadoecuicceuatestausuneacaul * Comments by participants 


21- and 28-day regimens 


OATHO-NOVUMT 77. 


norethindrone/ethiny! estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 a norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
proviged with the product and therefore should not be used as the basis for prescribing the product. 

‘his summary was prepared by deleting trom the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophie- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5, Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 








The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners gerd oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today The effect of iong 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
Ceptive users to that among nonusers. The relative risk does not provide information on the actual clinica! 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk 1s primarily in smokers or women with other underlying 
tisk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity. and 
diabetes. The retative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six, The risk is very low under the age of 30. Smoking in combination with orai contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias. age and obesity in 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism. and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization, The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives shouid be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the reiative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although. in general, the risk is greatest among older {>35 years). 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 tor non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives. 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
lipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
The activity and amount of both hormones should be considered in the choice of an orai contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a tow failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e Persistence of risk of vascular disease. There are two 
Studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. ina 
study in the United States, the risk of developing Ocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups in another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methads plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is tow and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiotogical studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer. particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that ora! contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of ag dese. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Ora! contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision: onset of proptosis or diplopia. papiledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately 6 ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY Extensive epidemiological 
Studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect. particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of galibladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestagens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users 

This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 

tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A smal! proportion of women will have persistent hypertrighyceridemia 
while on the pill. As discussed earlier (see WARNINGS ta and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shawn that the incidence of 
hypertension increases with increasing progestational activity Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping orai contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent ar severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES 

Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
Cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bieeding as in 
the case of any abnormal vaginal bleeding. if pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12 ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medica! history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
teference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology. and relevant 
laboratory tests. In case of undiagnosed persistent of recurrent abnormal vaginal biesding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hypertipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of nyperlipidemias 
more difficult. 3. IVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring. in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES Contact lens wearers who develop visual changes or changes in fens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked. has been suggested with barbiturates. phenylbutazone 

phenytoin sodium, and possibly with griseofulvin. ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and biood components may be affected 
by oral contraceptives: a. increased prothrombin and factors Vil, Vill IX. and X, decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability d. increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI. T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased. reflecting the elevated TBG, free TA 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids. however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. 1 Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy, This may be of clinical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9 CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS, Smali amounts of oral contraceptive steroids have deen 
identified in the miik of nursing mothers and a few adverse effects on the child have bean reported, 
including jaundice and breast enlargement. In addition. oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has bean associated 
with the use of oral contraceptives (see WARNINGS section}. Thrombophiebitis and vengus 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving orai contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, sal ae secretion. Change in weight (increase or decrease). Change m cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). intolerance to contact lenses. The following advers 109s have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite Cystitis-like syndrome. Headache, Nervousness 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption 
Vaginitis. Porphyria. impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious 1!! effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
females. ORTHO 
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Even at midcycle, 
she wears white 


with confidence 


Only Tri-Norinyl provides a full 1 mg of progestin at 
the midcycle (days 8—16), when clinical data indicate 
that breakthrough bleeding and spotting are most likely 
to occur! 


To help control midcycle breakthrough bleeding: make 
the midcycle the high point of protection. 


Extra he ia progestin to reduce 
midcycle 


reakthrough bleeding 








TRI - NORIN 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 





1. Data available from Syntex Laboratories, Inc., document #92363. 


Serious as well as minor side effects have been reported following the use of all oral 
contraceptives. These include thromboembolic disease. Before prescribing Tri- Norinyl, 
please see brief summary of prescribing information on following page. 


© 1989 Syntex Laboratories, Inc. 
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(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL” 21-Day Tablets (7 blue tablets of norethindrone 0.5 mg 

with ethinyl estradiol 0.035 mg, 9 yellow-green tablets of norethin- 

drone 10 mg with ethinyl estradiol 0.035 mg, 5 blue tablets of noreth- 

indrone 0.5 mg with ethiny! estradiol 0.035 mg) ; 

TAI-NORINYL® 28-Day Tablets (7 blue tablets of norethindrone 0.5 mg 

with ethinyl estradiol 0.035 mg, 9 yellow-green tablets of norethin- 

drone 1.0 mg with ethinyl estradio! 0.035 mg, 5 blue tablets of noreth- 

indrone 0.5 mg with ethinyl estradiol 0.035 mg 7 inert orange tablets} 

PREVICON” iiey Tablets (norethindrone 0.5 mg with ethinyl estra- 
fol 0.035 mg 

BREVICON® 28-Day Tablets (21 norethindrone 0.5 mg with ethinyl 

estradiol 0.035 ¥ tablets followed by 7 inert tablets) 

NORINYL® 1435 21-Day Tablets (norethindrone 1 mg with ethinyi 

estradiol 0.035 mg) 

NORINYL? 1 + 35 28-Day Tablets (21 norethindrone 1 mg with ethinyl 

estradiol 0.035 mg tablets followed by 7 inert tablets) 

NORINYL® 1 + 50 21-Day Tablets (norethindrone 1 mg with mestranol 


0.05 mg) 

NORIN 1450 28-Day Tablets (21 norethindrone 1 mg with mes- 
tranol 0.05 mg tablets followed by 7 inert tablets) 

NOR-Q.D.” (norethindrone) Tablets 0.35 mg 

ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications: Prevention of pregnancy. 
CONTRAINDICATIONS 


Oral contraceptives should not be used in women who have the following conditions: 

« Thrombophlebitis or thromboembolic disorders 

+ A past history of deep vein thrombophlebitis or thromboembolic disorders 

+ Cerebral vascular or coronary artery disease 

« Known or suspected carcinoma of the breast 

. Carcinoma ‘of the endometrium, and known or suspected estrogen-dependent 
sia 

+ Undiagnosed abnormal genital bigeding 

+ Cholestatic jaundice of pregnancy or jaundice with prior pill use 

+ Hepatic adenomas, carcinomas or benign fiver tumors 

+ Known or suspected pregnancy 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side 
effects fram oral contraceptive use. This risk increases with age and 
with heavy smoking (15 or more cigarettes per day) and is quite marked 
in women over 35 years of age. Women who use oral contraceptives 
should be strongly advised not to smoke. 


The use of oral contraceptives is associated with increased risks of severa! serious 
conditions including ardiai infarction, thromboembolism, stroke, hepatic neo- 
plasia and gallbladder disease, although the risk of serious morbidity and mortality 
increases significantly in the presence of other underlying risk factors such as 
hypertension, hyperlipidemias, hypercholesterolemia, obesity and diabetes. 


Practitioners prescribing oral contraceptives should be tamiliar with the following 
information relating to these risks. 


The information contained in this package insert is principally based on studies 
carried out in patients who used oral contraceptives with formulations containing 
005 m or higher of estrogen. The effects of long term use with lower dose formula- 
tions of both estrogens and progestogens remain to be determined. 


Throughout this labeling, epidemiological studies reported are of two types: retro- 
ects or case control studies and prospective or cohort studies, Case contro! 

tudies provide a measure af the relative risk of a disease. Relative risk, the ratio of 
the incidence of a disease among oral contraceptive users to that among non-users 
cannot be assessed directly from case. control studies, but the odds ratio obtained is 
a measure of relative risk. The relative risk does not provide information on the 
actual clinical occurrence of a disease. Cohort studies provide not only a measure of 
the relative risk but a measure of attributable risk, which is the difference in the inci- 
dence of disease between oral contraceptive users and non-users, The attributable risk 
does provide information about the actual occurrence of a disease in the population 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS 
a. Myocardial infarction 


An increased risk of myocardial infarction has been attributed to oral contraceptive 
use. This n is gray n irsal ne women pres underlying tisk dep for 
coronary ease such as ension, lemia, morbi ity 
and diabetes, The Telative risk of heart attack for current oral contraceptive users has 
been estimated to be 2 to 6. The risk is very low under the age of 30. t, there 
is the possibility of a risk of cardiovascular disease even in very young women who 
take ora! contraceptives, 


Smoking in combination with orai contraceptive use has been shown to contribute 
substantially to the incidence of myocardial infarctions in women 35 or older, with 
smoking accounting for the majority of excess cases. 


Mortality rates associated with circulatory disease have been shown to increase 
substantially in smokers over the age of 35 and non-smokers over the age of 40 
among women who use oral contraceptives. 


Orai contraceptives may compound the effects of well-known risk factors tor coro- 
nary artery disease, such as hypertension, diabetes, hyperlipidemias, hypercholes- 
terolemia, age and obesity. in particular, some progestogens are known to decrease 
HDL cholesterol and impair oral glucose tolerance, while estrogens may create a 
state of hyperinsutinism. Oral contraceptives have been shown to increase blood 
pressure among users (see WARKINGS, section 9). Similar effects on risk factors 

ve been associated with an increased risk of heart disease. Oral contraceptives 
must be used with caution in women with cardiovascular disease risk factors. 


d. Thromboembolism 


An increased risk ot thromboembolic and thrombotic disease associated with the use 
of oral contraceptives is well established. Case control studies have found the 
relative risk of users Compared to non-users to be 3 for the first episode of superfi- 
tial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, 
and 15 to 6 for women with predisposing conditions for venous thromboembolic 
disease. One cohort study has shown the relative risk to be somewhat lawer, about 3 
for new cases (subjects with no past history of vanous thrombosis or varicose veins) 
and about 45 for new cases requiring hospitalization. The risk of thromboembolic 
disease due to oral contraceptives is not related to length of use and disappears after 
pill use is stopped. 

A 2- to 6-told increase in relative risk of post-operative thromboembolic complica- 
tions has been reported with the use of oral contraceptives. If feasible, oral contra- 
ceptives should be discontinued at east 4 weeks prior to and for 2 weeks after 
elective surgery and during and following prolonged immobilization. Since the imme- 
diate postpartum period also is associated with an increased risk of thromboembo- 
lism, orai contraceptives should be started no earlier than 4 to 6 weeks after delivery 
in women who elect not to breast feed, 


c. Cerebrovascular diseases 


An increase in both the relative and attributable risks of cerebrovascular events 
{thrombotic and hemorrhagic strokes) has been shown in users of oral contzacep- 
tives. In general, the risk is greatest among older {>35 years), hyaertensive women 
who also smoke, Hypertension was found to be a risk factor for both users and 
non-users for both types of strokes while smoking interacted to increase the risk for 
haemorrhagic strokes. 


in a large study, the relative risk of thrombotic strokes has been shown to range from 
3 for normotensive users to 14 for users with severe hypertension. The relative risk of 
hemorrhagic stroke is reported to be 12 for non-smokers who used oral contracep- 
tives, 2.6 for smokers who did not use orai contraceptives, 76 for smakers who used 
oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe nor 
tension. The attributable risk also is greater in women 35 or ofder and among smokers. 


d. Gose-reisted risk of vascuiar disease from oral contraceptives 


A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in 
serum high density lipoproteins (HDL) has been reported with some progestational 
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nts. A decline in serum high density lipoproteins has been associated with an 
inereased incidence of puti heart disease, Because estrogens increase HDL 
cholesterot, the net effect of an oral depends on a balance achieved 
between doses of jen and progestogen and the nature and absolute amount of 
progestogens used in the contraceptives. The amount of both hormones should be 
considered in the choice of an oral contraceptive. 


Minimizing exposure to estrogen and progestogen is in keeping with good principles 
of therapeutics. For any particular estrogen/progestogen combination, the dosage 
regimen prescribed should be one which contains the amount of estrogen and 
progestogen that is compatibie with a iow failure rate and the needs of the individual 
patient. acceptors of oral contraceptive agents should be started on prepara- 
tions containing the lowest estrogen content that produces satisfactory results for 
the individual, 

e. Persistence of risk of vascular disease 


There are three studies which have shown persistence of risk of vascular disease for 
ever-users of oral contraceptives. in a study in the United States, the risk of develop- 
ing myocardial infarction after discontinuing oral contraceptives persists for at least 
9 years for women 40-49 years who had used ora! contraceptives for 5 or more 
years, but this increased risk was not demonstrated in other age groups. in another 
Study in Great Brifain, the risk of developing cerebrovascular disease persisted for at 
jeast 6 years after discontinuation of oral contraceptives, although excess risk was 
very smali. Subarachnoid hemorrhage also has a si piticantiy increased relative risk 
after termination of use of orai contraceptives. However ëse Studies were per- 
formed with oral contraceptive formulations containing 0.05 mg or higher of estrogen. 


2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 


One study gathered data from a variety of sources which have estimated the mortal- 
ity rates associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods 
pius the risk attributable to pregnancy in the event of method failure. Each method of 
contraception has its specific benefits and risks. The study concluded that with the 
exception of oral contraceptive users 35 and older who smoke and 40 and older who 
do not smoke, mortality associated with ali methods of birth control is low and below 
that associated with childbirth. However, smokers 35 and older and non-smokers 40 
and older who use oral contraceptives have an increase in mortality greater than 
those using other methods of birth contro’. These facts must be weighed in conjunc- 
tion with failure rates for other methods and the risk associated with subsequent 
pregnancy. 

3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 


Numerous epidemiological studies have been performed on the incidence of breast. 
endometrial, ovarian and cervical cancer in women using oral contraceptives. The 
evidence in the literature suggests that use of oral contraceptives is not associated 
with an increase in the risk of developing breast cancer, regardless of the age and 
parity of tirst use or with most of the marketed brands and doses. The Cancer and 
Steroid Hormone study also showed no latent effect on the risk of breast cancer for at 
least a decade following long term use. A few studies have shown a slighty increased 
relative risk af developing breast cancer, although the methodology of these studies, 
which included differences in examination of users and non-users and differences in 
age at start of use, has been questioned. 


Some studies suggest that oral contraceptive use has been associated with an 
increase in the risk of cervicai intraepithelial neoplasia in some populations of 
women. However, there continues to be controversy about the extent to which such 
findings may be due to differences in sexual behavior and other factors. 


In spite of many studies of the relationship between oral contraceptive use and 
breast or cervical cancers, a cause and effect relationship has not been established. 


4. HEPATIC NEOPLASIA 


Peniga hepatic adenomas are associated with oral contraceptive use although the 
incidence of benign tumors is rare in the United States. Indirect calculations have 
estimated the attributable risk to be in the range of 3.3 cases per 100.000 for users, a 
tisk that increases after 4 or more years of use. Rupture of rare, benign, hepatic 
adenomas may cause death through intra-abdominal hemorrhage. 


Studies in the United States and Britain have shown an increased risk of developing 
hepatocetiular carcinoma in long term {>8 years) orai contraceptive users. However, 
these cancers are extremely rare in the United States and the attributable risk (the 
excess incidence) of liver cancers in oral contraceptive users is less than t per 
1000,000 users. 


5. OCULAR LESIONS 


There have been clinical case reports of retinal thrombosis associated with the use 
of oral contraceptives. Oral contraceptives should be discontinued if there is unex- 
plained partial or complete loss of vision; onset of proptosis or diplopia; papiliedema; 
or retinal vascular lesions. Appropriate diagnostic and therapeutic measures shouid 
be undertaken immediately. 


6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 


Extensive epidemiological studies have revealed no increased risk of birth defects in 
women who have used oral contraceptives prior to pregnancy. More recent studies 
do not a teratogenic effect. particularly insofar as cardiac anomalies and limb 
reduction are concerned, when taken inadvertently during early pregnancy. 


The administration of oral contraceptives to induce withdrawal bleeding should not 
be used as a test for pregnancy. Oral contraceptives should not be used during 
pregnancy to treat threatened or habitual abortion. 


it is recommended that for any patient who has missed 2 consecutive periods, 
pregnancy should be ruled out before continuing oral contraceptive use. if the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy 
Should be considered at the time of the first missed period, Oral contraceptive use 
should be discontinued if pregnancy is confirmed. 


7. GALLBLADDER DISEASE 


Earlier studies have reported an increased lifetime relative risk of gallbladder surgery 
in users of oral contraceptives and estrogens. More recent studies, however, have 
shown that the relative risk of developing gallbladder disease among orai contracep- 
tive users may be minimal. The recent findings of minimal risk may be related to the 
use of oral contraceptive formulations containing lower hormonal doses of estrogens 
and progestogens, 

8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 


Orai contraceptives have been shown to impair ora! glucose tolerance. Oral contra- 
Ceptives containing greater than 0.075 mg of estrogen cause glucose intolerance 
with impaired insulin secretion, while ower doses of estrogen may produce less 
glucose intolerance. Progestogens increase insulin secretion and create insulin 
resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives epar io have no effect on fasting blood 
glucose. Because of these demonstrated el prediabetic and diabetic women 
Should be carefully observed while taking oral contraceptives. 


Some women may devel sistent hypertrighyceridemia while on the pill. As 
discussed earlier (see WARNINGS, sections ta. and td), changes in serum triglyc- 
arides and lipoprotein levels have been reported in orai contraceptive users. 


9. ELEVATED BLOOD PRESSURE 


An increase in blood pressure has been reported in women taking ora! contracep- 
tives. The incidence of risk also was reported to increase with continued use and 
among older women. Data from the Royal College of General Practitioners and 
subsequent randomized triais have shown that the incidence of hypertension 
increases with increasing concentrations of progestogens, 

Women with a history of hypertension or hypertension-related diseases or renal 
disease should be encouraged to use another method of contraception. if women 
elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs oral contraceptives should be discontinued. For 
Most women, elevated blood pressure will return to normal after stopping oral 
contraceptives and there is no difference in the occurrence of hypertension among 
ever- and never-users, 

19. HEADACHE 


The onset or exacerbation of migraine or development of headache with a new 
pattern which is recurrent, persistent or severe requires discontinuation of oral 
contraceptives and evaluation of the cause. 


11. BLEEDING IRREGULARITIES 


Breakthrough bleeding and spotting are sometimes encountered in patients an orat 
especially during ti first 3 months of use. Non-hormonal causes 





Some women may encounter: post-pill amenorrhea or oligomenorrhea, especially 
when such a condition was pre-existent. 


PRECAUTIONS 
1. PHYSICAL EXAMINATION AND FOLLOW-UP 


A compiete medical history and physical examination should be taken prior to the 
initiation or reinstitution of oral contraceptives and at least annually during use of 
oral contraceptives. These physical examinations should include special reference fo 
blood pressure, breasts, abdomen and pelvic organs, including cervical cytology and 
relevant laboratory tests. in case of undiagnosed, persistent or recurrent abnormal 
vaginal bleeding, appropriate diagnostic measures should be conducted to rule out 
malignancy. Women with a Strong family history of breast cancer or who have breast 
nodules shouid be monitored with particular care. 


2. LIPID DISORDERS 
Women who are being treated for hyperiipidemias shouid be followed closely if they 


elect to use oral contraceptives. Some progestagens may elevate LOL levels and may 
fender the control of hyperlipidemias more difficult. 


3. LIVER FUNCTION 
It jaundice develops in any woman receiving oral contraceptives the medication 


should be discontinued, Steroid hormones may be poorly metabolized in patients 
with impaired liver function. 


4. FLUID RETENTION 
Oral contraceptives may cause some degree of fluid retention. They should be 


prescribed with caution, and only with careful monitoring, in patients with condi- 
tions which might be aggravated by fluid retention. 


5. EMOTIONAL DISORDERS 


Women with a history of depression should be carefully observed and the drug 
discontinued i depression recurs to a serious degree. 


6. CONTACT LENSES 


Contact lens wearers who develop visual changes or changes in lens tolerance should 
be assessed by an ophthaimatogist. 

7. ORUG INTERACTIONS 

Reduced efficacy and increased incidence ot breakthrough bleeding and menstrual 
irregularities have been associated with concomitant use of rifampin. A similar 
association though less marked, has been suggested with barbiturates, phenylbuta- 
zone, phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 
8. INTERACTIONS WITH LABORATORY TESTS 


Certain endocrine and fiver function tests and blood components may be affected by 
oral contraceptives: 

a. Increased prothrombin and factors Vil, Vill, IX, and X; decreased antithrombin 3; 
increased norepinephrine-induced platelet aggregability, 

b. Increased thyroid binding globulin {TBG} leading to increased circulating totai 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or 
radioimmunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG. 
Free T4 concentration is unaltered, 

£. Other binding proteins may be elevated in serum. 


4, Sex steroid binding globulins are increased and result in elevated levels of total 
circulating sex steroids and corticoids, however, free or biologically active levels 
remain unchanged. 


e. Triglycerides may be increased. 

1. Glucose tolerance may be decreased. 

g. Serum folate levels may be depressed by oral contraceptive therapy. This may de 
of clinical significance if a woman becomes pregnant shortiy atter discontinuing orat 
contraceptives, 

9. CARCINOGENESIS 

See WARNINGS section 

10. PREGNANCY 

Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 

11. NURSING MOTHERS 


Smali amounts of orai contraceptive steroids have been identified in the miik of 
nursing mothers and a few adverse effects on the child have been reported, including 
jaundice and breast enlargement. In addition, oral contraceptives given in the post- 
partum period may interfere with lactation by decreasing the quantity and quality of 

east milk. possible, the nursing mother should be advised not to use ora! 
centracepines Dul to use other forms of contraception until she has completely 
wean i 


INFORMATION FOR THE PATIENT 
See PATIENT LABELING. 
ADVERSE REACTIONS 


An increased risk of the following serious adverse reactions has been associated with 
the use of orai contraceptives (see WARNINGS section): 


+ Thrombophiebitis + Arterial thromboembolism » Pulmonary embolism + Myocardial 
infarction » Cerebral hemorrhage + Cerebral thrombosis + Hypertension » Gallbladder 
disease + Hepatic adenomas, carcinomas or benign liver tumors 


There is evidence of an association between the following conditions and the use of 
oral contraceptives, although additional confirmatory studies are needed: 


+ Mesenteric thrombosis » Retinal thrombosis. 


The following adverse reactions have been eer in patients receiving oral con- 
traceptives and are believed to be drug-related: 


+ Nausea + Vomiting + Gastrointestinal symptoms (such as abdominal cramps and 
bloating) + Breakthrough bleeding + Spotting » Change in menstrual flow « Amenor- 
thea + lemporary infertility after discontinuation of treatment « Edema + Melasma 
which may persist + Breast changes. tenderness, enlargement, secretion + Change it 
weight (increase or decrease) « Change in cervical erosion and secretion » Diminution 
in lactation when given immediately postpartum « Cholestatic jaundice + Migraine « 
Rash (allergic) + Mental depression + Reduced tolerance to carbohydrates » Vaginal 
Candidiasis « Change in corneal curvature (steepening) + intolerance to contact lenses 
The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nor refuted: 
+ Pre-menstrual syndrome + Cataracts » Changes in appetite  Gystitis-like syndrome + 
Headache + Nervousness + Dizziness » Hirsutism » Loss of scaip hair + Erythema 
muitiforme + Erythema nodosum » Hemorrhagic eruption « Vaginitis + Porphyria + 
impaired renal function + Hemolytic uremic syndrome + Budd-Chiari syndrome + Acne 
« Changes in libido + Colitis 
OVERDOSAGE 

Serious ill effects have not been reported following acute ingestion of large doses of 
ora} contraceptives by young children. Overdosage may cause nausea, and with- 
drawal bleeding may occur in females. 

WON-CONTAACEPTIVE HEALTH BENEFITS 


The following non-contraceptive health benefits related to the use of oral contracep- 
tives are supported by epidemiological studies which largely utilized oral contracep- 
tive formulations containing estrogen doses exceeding 0.035 mg of ethinyl estradiol 
of 0.05 mg of mestranol. 


Effects on menses: 


+ increased menstrual cycle regularity + Decreased blood toss and decreased inci- 
dence of iron deficiency anemia » Decreased incidence of dysmenorrhea 


Effects related to inhibition of ovulation: 


+ Decreased incidence of functional ovarian cysts + Decreased incidence of ectopic 
pregnancies 


Effects from long-term use: 


+ Decreased incidence of fibroadenomas and fibrocystic disease of the breast + 
Decreased incidence of acute pelvic inflammatory disease + Decreased incidence of 
endometrial cancer « Decreased incidence of ovarian cancer 
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The validity of the postcoital test 
Carolyn S. Griffith, MD, and David A. Grimes, MD 
Los Angeles, California 









Analysis of the world’s literature indicates that the postcoital test has poor validity for 
prediction of infertility. 


The. case for routine umbilical blood acid-base studies at delivery 
John W: C. Johnson, MD, Douglas R. Richards, MD, and Rebecca A. Wagaman, MD 
< Gainesville, Florida 





Umbilical blood acid-base studies provide accurate and useful information that is important to 
assess the baby at delivery. 





“Incorporating endovaginal ultrasonography into the overall gynecologic 
-examination 

Steven R. Goldstein, MD 

New York, New York 






Endovaginal ultrasonography has unique characteristics that allow for a distinction between 
the standard ultrasound examination and the concept of routinely examining patients with 










ultrasonography during the bimanual examination. 
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Pseudogene /functional gene ratio in late-onset 21-hydroxylase-deficient 633 
adrenal hyperplasia 

Ricardo Azziz, MD, Gretchen Wells, PhD, Ronald T. Acton, PhD, and Howard A. Zacur, MD 

Birmingham, Alabama, and Baltimore, Maryland 


Seven of eight patients with late-onset adrenal hyperplasia from a non—high-risk population 
had an abnormal CYP21A/CYP21B gene ratio that may serve as a potential marker for this 
disease. 


Cigarette smoking as a risk factor for pelvic inflammatory disease 639 
Polly A. Marchbanks, PhD, Nancy C. Lee, MD, and Herbert B. Peterson, MD 


Atlanta, Georgia 


Analysis of data from the Women’s Health Study suggests that cigarette smoking may 
predispose women to pelvic inflammatory disease. 


Temporal associations of human papillomavirus infection with cervical 645 
cytologic abnormalities 

Attila T. Lorincz, PhD, Mark H. Schiffman, MD, William J. Jaffurs, MD, John Marlow, MD, 

Allison P. Quinn, and Gary F. Temple, MD 

Gaithersburg and Bethesda, Maryland, and Washington, D.C. 


Presence of human papillomavirus deoxyribonucleic acid in cervical tissues predicts past, 
concurrent, and recurrent neoplasia. 
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For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE . . 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Uri tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
retigeri, and Merganella morgani). i 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formeriy D pneumoniae), 
Staphylococcus aureus (penicillinase- and nongenieiinase-productng strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species {including K pneumoniae), and E coli. 

and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and £ coli. E 
Gynecologic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
finase-producing strains), coccus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus si pene - 

intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.” 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. , i 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition, 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
porn may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. _ 

PHY! : The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated-or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract sume and gastrointestinal surgery). . 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 





a ands contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Betore therapy with CEFOTAN Is instituted, careful ort Bec be made to determine whether the 
patient has had jous reactions to disodium, cephalosporins, 
penicillins, is product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. if an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and othar emergency measures. 

Pseudomembranous colitis has heen reported with the use of cephalosporins (and other broad- 
$| m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
oe Geode pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


GENERAL, As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity, Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

i eo Should be used with caution in individuals with a history of gastrointestinal disease, par- 
icularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, : is pee that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside, 

DRU! ORATORY TEST INTERACTIONS: A faise positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Aithough long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cetotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dese} on days 6-35 of life (thought to be 
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developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig celis were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose} only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, partieulariy at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs {3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. ‘ 

USAGE IN PREGNANCY: Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Aaroa pane occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

agic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
Hepatic enzyme elevations occurred in 1.2% of parems and included a rise in SGPT (1 in 150), SGOT 
{1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
nw reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 700). 

cai effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
{1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

ENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 

















‘Woe af Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 











DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage" Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 





“Dose determined hy the type and severity of infection, and susceptibility of the causative organism, 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine tevels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age} 


Maies: aR TTY ST DIOR PONT aA 
72 x serum creatinine (mg/100 mL) 


Females: 09 x value for males 

_Cefotetan is ba Fro and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
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Genetic screening with exfoliated cervicovaginal celis collected by a 
noninvasive lavage technique performed during routine gynecologic 
cancer screening 

Robert D. Burk, MD, and Carol Spitzer, BS, MS 

Bronx, New York 


The use of exfoliated cervicovaginal cells collected by a noninvasive lavage technique as a 
source of genetic material suitable for hereditary disease screening is described. 


Maternal spermicide use and adverse reproductive outcome: A 
meta-analysis 

> = Thomas R: Einarson, PhD, Gideon Koren, MD, David Mattice, MD, and 

“>. Ofra Schechter-Tsafriri, MSc 

Toronto, Ontario, Canada 


: The statistical combination of articles regarding periconceptual and postconceptual use of 
nonmercurial spermicides in human beings confirms lack of adverse fetal outcomes. 


Birth weight discordancy in male-first and female-first pairs of 
unlike-sexed twins 

Isaac Blickstein, MD, and Ariel Weissman, MD 

Rehovot, Israel 


Female twins of unlike sex are smaller than their male cotwins and definitely contribute to 
intertwin growth discordancy. 


-Fetal cytomegalovirus infection: A case report 

‘Richard L. Meisel, MD, Manuel Alvarez, MD, Lauren Lynch, MD, Usha Chitkara, MD; 
David J. Emanuel, MD, and Richard L. Berkowitz, MD 

New York, New York 


The prenatal diagnosis of fetal cytomegalovirus infection is discussed. 


Pregnancy outcome and fetomaternal hemorrhage after noncatastrophic 
trauma 
Thomas M. Goodwin, MD, and Michael T. Breen, MD 


Phoenix, Arizona 





The course of pregnancy was adversely affected by noncatastrophic trauma, but quantitation 
of fetomaternal hemorrhage played a limited role in the evaluation of trauma patients. 


Maternal serum Down syndrome screening: Unconjugated estriol is not 672 
useful 

James N. Macri, PhD, Ramana V. Kasturi, BE, MS, David A. Krantz, BS, Edward J. Cook, PhD, 

Shiraz G. Sunderji, MD, and John W. Larsen, MD 

Carle Place and Syracuse, New York, and Washington, D.C. 


Unconjugated estriol levels in the maternal serum of Down syndrome~affected cases and 
controls were not significantly different, and the use of this marker in screening cannot be 
supported. 
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Cord Blood pH...adding objectivity to 
the newborn assessment. 


Corometrics 220 pH System provides a simple, 
immediate and objective means of obtaining cord blood pH. 
















Umbilical cord blood sampling provides a reliable measurement for objectively determin- 
ing the presence or extent of fetal asphyxia at delivery. Assessment of cord blood parameters 
is indicated when ominous electronic fetal heart rate patterns are present, when other signs of 
intrapartum distress are observed, or when unsuspected neonatal distress is noted at delivery. 
In conjunction with traditional APGAR scoring methods and the assessment of fetal heart rate 
patterns, cord blood pH can serve as a more precise indicator of newborn status after delivery 
as compared to any single assessment method.' Cord blood pH values can also be used to 
retrospectively evaluate intrapartum labor management practices.’ 


The Corometrics 220 pH System is recognized by many to be the simplest, most timely 
means of obtaining important arterial and venous cord blood pH values. 


e A section of the umbilical cord is double-clamped at delivery. 






The disposable pH cartridge is inserted into the 
220 pH monitor. 


+A 15 ul cord blood sample is collectedand ` 
inserted into the monitor. The precisepH , | tae 
value is displayed within 15 seconds! ~ 


The Corometrics 220 pH System allows for quick and easy on- 
BEREITET the-spot assessment of 
paiia cord pH values. Results 
are documented with a 
hard copy printout for 
the patient chart, 
pediatrician, or 
neonatologist. 





Umbilical cord blood sampling with the 
Corometrics 220 pH System . . . the only 
pH assessment system needed in your 
delivery room. Call or write us for a 
system demonstration or a copy 







of our color procedural guide. 
3 x i Page etal, 
E and fetal heart ne 
Eo r COROMETRICS 
Bete, uncomplicated term vä MEDICAL SYSTEMS, INC. 


Bry oe LI 7 9B ' 
 Corometrics Medical Sy th, Wallingford, CT U.S.A. 06492 Tel. 800-243-3952, (In CT 203-265-5631) 


(© 1987 COROMETRICS MEDICAL SYSTEMS, INC 
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Very high CA 125 ievels during early first trimester in three cases of 674 
spontaneous abortion with chromosomal abnormalities 


Jerome H. Check, MD, Kosrow Nowroozi, MD, Milind Vaze, MD, Ronald Wapner, MD, 
and Linda Seefried, MA 
Camden, New Jersey, and Philadelphia, Pennsylvania 


Very-high early first-trimester CA 125 levels were associated with an unusual rate of late 
first-trimester abortions and chromosome abnormalities. 


Sonographic findings in the prenatal diagnosis of bladder exstrophy 675 
Richard Jaffe, MD, Alex Schoenfeld, MD, and Jardena Ovadia, MD 
Tel Aviv, Israel 


In utero diagnosis of bladder exstrophy permitted prompt postdelivery surgical intervention 
with favorable neonatal outcome. 


Contractions of the inner third of the myometrium 679 
Karl de Vries, MD, Edward A. Lyons, MD, Gerry Ballard, RDMS, Clifford S. Levi, MD, 

and Daniel J. Lindsay, MD 

Winnipeg, Manitoba, Canada 


Rhythmic contractions of the inner third of the myometrium are shown by endovaginal 
ultrasonography in early pregnancies and in nonpregnant and postmenopausal women. 


Mechanisms of parturition: The transfer of prostaglandin E2 and 683 


ae §-hydroxyeicosatetraenoic acid across fetal membranes 














Phillip R. Bennett, MD, Geoffrey V. P. Chamberlain, MD, Lata Patel, BSc, Murdoch G. Elder, MD, 
and Leslie Myatt, PhD 
London, England 


Prostaglandin Ez and 5-hydroxyeicosatetraenoic acid can diffuse through the extracellular 
space across amnion-chorion-decidua, escape appreciable metabolism, and hence retain their 
oxytocic capacity and paracrine role. 


Could antiprogesterones be used as alternative cervical ripening agents? 688 
Nicholas Johnson, MRCOG, FRCS, and Fiona C. Bryce, MRCOG 
Leeds, England 


The progesterone antagonist RU-486 ripens (dilates and softens) the cervix in the first 
trimester of pregnancy. 


Myometrial activity after local application of prostaglandin E, for cervical 691 
ripening and term labor induction 

Lena Granström, MD, Gunvor Ekman, MD, and Ulf Ulmsten, MD 

Danderyd and Uppala, Sweden 


After application of 0.5 mg prostaglandin Ez extraamniotically (n = 4) or 4 mg prostaglandin 
Ez vaginally (n = 4), myometrial activity was significantly increased compared with 
intracervical application of 0.5 mg prostaglandin Ez (# = 4). 
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Continuation...an excellent indicator of patient satisfaction. 


The Ortho ALL-FLEX* 
Arcing Spring Diaphragm 


o Easy to insert and position 

o Easy to clean and maintain 

o Easy to use with unscented, colorless, stainless 
GYNOL II* (2% nonoxynol-9) Contraceptive Jelly 

o The combination for continuation—with 4 out 
of 5 patients continuing after 1 year’ 


Continuation...it's one reason why physicians continue 
to make ORTHO ALL-FLEX and GYNOL II the #1 
prescribed diaphragm combination in America? 


rtho ALL-FLEX* 


Arcing Spring 


Dl AP Re A Ge 


>>> 
>>od > 
>> dod 
>>> > 






ALL-FLEX’ 


ARCING SPRING DIAPHRAGM 


GYNOL Ii 3" 


CONTRACEPTIVE JELLY FOR USE WITH DIAPHRAGM ) 


+Number of patients continuing the method for 
12 consecutive months; data on file, Ortho Pharmaceutical Corporation. 


Data on file, Ortho Pharmaceutical Corporation. ORTHO PHARMACEUTICAL CORPORATION 


Consult the patient brochure for information on Raritan, New Jersey 08869-0602 
toxic shock syndrome (TSS) and wearing time. © OPC 1989 *Trademark OJ-319 


ORTHO 
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Management of severe postpartum hemorrhage by intrauterine irrigation 
with prostaglandin E2 

-M. Reuben Peyser, MD, and Michael J. Kupferminc, MD 
Tel Aviv, Israel 


< Rapid hemostasis was achieved in 22 patients with intractable postpartum hemorrhage by 
-continuous irrigation of the uterine cavity with prostaglandin E; solution. 


Postpartum pulmonary embolus as an unusual cause of cortical blindness 
Robert J. Stiller, MD, Sylvie Leone-Tomaschoff, MD, Joseph Cuteri, MD, and Lawrence Beck, MD 
Bridgeport, Connecticut 


A discussion of a patient with blindness in the postpartum period is presented. 


— Antepartum heart rate patterns in small-for-gestational-age 
third-trimester fetuses: Correlations with blood gas values obtained at 
‘cordocentesis 


G. H. A. Visser, MD, G. Sadovsky, MD, and K. H. Nicolaides, MD 
London, England 


Fetal heart rate patterns in appropriate- and small-for-gestational-age fetuses were related to 
the blood gas results in samples obtained by cordocentesis. 


Fetal assessment based on fetal biophysical profile scoring. IV. An 
: analysis of perinatal morbidity and mortality 
F. A. Manning, MD, C. R. Harman, MD, I. Morrison, MD, S. M. Menticoglou, MD, 
L R. Lange, MD, and J. M. Johnson, MD 
: Winnipeg, Manitoba, Canada 


-Fetal biophysical profile scores yielded significant inverse linear correlation to perinatal 
-morbidity and inverse exponential correlation to perinatal mortality among 26,780 fetuses. 


A comparison between umbilical artery velocimetry and standard 

antepartum surveillance in hospitalized high-risk patients 

Curtis. L. Lowery, Jr., MD, Brenda V. Henson, BSN, Jim Wan, PhD, and Cynthia G. Brumfield, MD 
Birmingham, Alabama 





Continuous-wave Doppler ultrasonographic evaluation of umbilical artery blood flow is an 
important adjunct to standard antepartum surveillance in hospitalized high-risk patients. 





Blood exposure in single versus double gloving during pelvic surgery 715 
Gabriel M. Cohn, MD, and David B. Seifer, MD 
Syracuse, New York 


Compared with single gloving, double gloving resulted in significantly fewer cases of visible 
intraoperative blood exposure during pelvic surgery. 


(Contents continued on page 12A) 
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Single-dose antibiotic prophylaxis for patients undergoing extended 
pelvic surgery for gynecologic malignancy 


James W. Orr, Jr., MD, Pamela F. Sisson, RN, Bruce Patsner, MD, Jeffrey M. Barrett, MD, 


John R. Ellington, Jr., MD, Ralph Henry Jennings, Jr., MD, Keith B. Paredes, MD, 
Dale L. Taylor, MD, Seng Jaw Soong, PhD, and Cathy Roe? 
Lakeland, Florida, and Birmingham, Alabama 


A review of single-dose antibiotic prophylaxis suggests it to be as efficacious as a 
multiple-dose regimen in women undergoing extended gynecologic procedures. 


The mons pubis: An excellent graft donor site in gynecologic surgery 
Michelle R. Dudzinski, MD, and Janet S. Rader, MD 
Portsmouth, Virginia, and Baltimore, Maryland 


The mons pubis is an excellent donor site for split-thickness skin grafts in gynecologic surgery. 


Ectopic pregnancy concurrent with induced abortion: Incidence and 
mortality 


Hani K. Atrash, MD, MPH, H. Trent MacKay, MD, MPH, and Carol J. R. Hogue, PhD, MPH 


Atlanta, Georgia 


For 1971 to 1985 the incidence of ectopic pregnancy concurrent with induced abortion was 


1.35/1000 induced abortions with a mortality rate of 11.7/10,000 cases. 


Thrombocytopenia at delivery: A prospective survey of 6715 deliveries 


Robert F. Burrows, MD, and John G. Kelton, MD 
Hamilton, Ontario, Canada 


Asymptomatic healthy patients constitute the majority of patients with thrombocytopenia at 


delivery; maternal and neonatal outcomes are excellent. 


Platelet count in normal, small, and anemic fetuses 
Michiel C. Van den Hof, MD, and Kypros H. Nicolaides, MD 
London, England 


In normal fetuses the platelet count increases with gestation, whereas there is associated 
thrombocytopenia in cases of severe anemia and growth retardation. 


The neuropeptide histidyl proline diketopiperazine throughout human 
pregnancy: An inverse correlation with amniotic fluid prolactin 

Gordon C. Wolf, PhD, MD, Charles W. Hilton, MD, Chandan Prasad, MD, 

Jospeh M. Miller, Jr., MD, and Ian H. Thorneycroft, PhD, MD 

New Orleans, Louisiana 


Cyclo (histidyl-proline) levels have been measured in human amniotic fluid and maternal 
serum throughout gestation and have been correlated with prolactin values. 


Amniotic fluid volume increase after amnioinfusion of a fixed volume 
Thomas H. Strong, Jr., MD, Gretchen Hetzler, MD, and Richard H. Paul, MD 
Los Angeles, California 


A relationship between amniotic fluid index and intrauterine fluid volume is suggested. 
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What new serum test leads to 
the detection of three times 
as many pregnancies with 
Down syndrome as MSAFP? 


Vivigen’s Maternal Serum 
AFP? Screening. 





Vivigen, Inc., the full service genetic testing laboratory and leader 
in chromosome analysis, is pleased to announce the availability of 
Maternal Serum AFP? Screening. This biochemical test utilizes three 
markers; alphafetoprotein (AFP), human chorionic gonadotropin (HCG), 
and unconjugated estriol (UES) to determine a patient’s risks for Down 
syndrome. AFP? can lead to the detection of 60% of Down syndrome 
fetuses in women under 35 with a 4% amniocentesis rate; current 
MSAFP screening only detects up to 20% of those cases". Vivigen’s 
AFP? report form is a breakthrough in risk communication; your 
patient’s risks are displayed on easy-to-read graphs. 

For more information about Vivigen’s competitively priced Maternal 
Serum AFP? Screening, call 1-800-VIVIGEN. 


A 
vivigen 


1Wald N.J., Cuckle H.S., Densem J.W., Nanchahal K., et al., “Maternal Serum E 
Screening for Down Syndrome in Early Pregnancy,” British Medical Journal, 2000 Vivigen Way 
1988; 297 (6653): 883-887. Santa Fe, NM 87505 
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Warning symptoms, uterine contractions, and cervical examination | 
findings in women at risk of preterm delivery 
Rachel L. Copper, MSN, Robert L. Goldenberg, MD, Richard O. Davis, MD, 


Gary R. Cutter, PhD; Mary B. DuBard, MA, Deane K. Corliss, RN, and Jenny B. Andrews, RN 


Birmingham, Alabama 


Warning symptoms, the presence of contractions, and cervical examination findings were 
evaluated as predictors of preterm labor and spontaneous preterm delivery. 


Comparative evaluation of uterine response to exercise on five aerobic 
machines 

Eric P. Durak, MSc, Lois Jovanovic-Peterson, MD, and Charles M. Peterson, MD 

Santa Barbara, California, and New York, New York 


Arm ergometry and recumbent bicycle ergometry do not resultin uterine contractions, 
whereas bicycle ergometry, rowing ergometry, and treadmill are associated with uterine 
contractions. 


Amniotic fluid a,-antitrypsin concentration in premature rupture of the 
membranes 

William F. O’Brien, MD, Robert A. Knuppel, MD, MPH, Walter J. Morales, MD, PhD, 
Jeffrey L. Angel, MD, and Carol T. Torres, AS 

Tampa, Florida 


No difference in amniotic fluid a,-antitrypsin concentration was found between women with 
premature membrane rupture and those with preterm labor. 


A 62-year-old woman with endodermal sinus tumor of the ovary 
Kazuo Kinoshita, MD 
Hitoyoshi, Kumamoto, Japan 


A case of endodermal sinus tumor of the ovary in a woman after the age of 60 years is 
reported. 


Fetal acoustic stimulation in the early intrapartum period as a predictor 
of subsequent fetal condition 


Albert P. Sarno, Jr., MAJ, USA, Myoung Ock Ahn, MD, MPH, Jeffrey P. Phelan, MD, 
and Richard H. Paul, MD 
Los Angeles, California 


Fetal acoustic stimulation in early labor is predictive of subsequent fetal condition. 


„Intracranial teratoma: Prolonged neonatal survival after prenatal 
< diagnosis 
Lawrence A. Dolkart, MD, Robert J. Balcom, MD, George Eisinger, MB, BS 
Elmira, New York 


A case is presented in which prenatal diagnosis of an intracranial teratoma preceeds 
prolonged neonatal survival. 
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Transient oligohydramnios in a severely hypovolemic gravid woman at 770 
_ 35 weeks’ gestation, with fluid reaccumulating immediately after 
-intravenous maternal hydration 
David M. Sherer, MD, Jacquelyn B. H. Cullen, MD, Howard O. Thompson, MD, and 
James R. Woods, Jr., MD S 
Rochester, New York ; 





A case- is reported in which a patient with acute hypovolemia and oligohydramnios, 
documented ultrasonographically, had normal amnoitic fluid volume on massive intravenous 
maternal rehydration. 


Preoperative assessment of fragment D-dimer as a predictor of ee ETS 
- postoperative venous thrombosis : 

George J. Olt, MD, Charles Greenberg, MD, Ingrid Synan, RN, R. E. Coleman, MD, 

and Daniel Clarke-Pearson, MD 

Durham, North Carolina 


Preoperative elevations of fragment D-dimer are not predictive of postoperative deep venous 
thrombosis and in fact may identify patients who are at decreased risk. 





Ovulation and successful pregnancy in a woman with ovarian failure after 775. 
hypophysectomy and gonadotropin therapy 
Jerome H. Check, MD 

Camden, New Jersey 


‘The combination of hypophysectomy for a prolactinoma and human menopausal gonadotropin 
therapy enabled a 38-year-old woman to conceive despite previous hypergonadotropic 
amenorrhea. 





Acute renal failure in hypertensive disorders of pregnancy TT 
Baha M: Sibai, MD, Marco A. Villar, MD, and Bill C. Mabie, MD Soni Ni 
Memphis, Tennessee 


Hypertensive pregnancies complicated by acute renal failure are associated with poor 





maternal-perinatal outcome. 


A longitudinal study of maternal digoxin-like immunoreactive substances 783 
-in normotensive pregnancy and pregnancy-induced hypertension 

Steven A. Kerkez, PhD, Lucilla Poston, PhD, Charles D. Wolfe, MRCOG, 

Heinrich W. Quartero, MRCOG, Patricia Carabelli, Research Sister, Anne Petruckevitch, MSC, 

and Philip J. Hilton, MD 

London, England 





A longitudinal study of maternal serum digoxin-like immunoreactivity shows that it is not a 
good prognostic indicator of hypertension in pregnancy. 


The use of nifedipine during the postpartum period in patients with 788 
severe preeclampsia 

John R. Barton, MD, Adam K. Hiett, MD, and Wayne B. Conover, MD 

Lexington, Kentucky 





Nifedipine: has favorable effects on urinary output and mean arterial pressure in postpartum 
‘patients with severe preeclampsia. 
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The Permanente Medical Group, the largest multispecialty group 
practice in the U.S., is undergoing explosive growth in its North- 
ern California region: the San Francisco Bay Area, Sacramento and 
the Central Valley. Our rapid increase in membership has created 
opportunities throughout the region for additional BC/BE Obste- 


tricians and Gynecologists. 


As part of a comprehensive health care system made up of the 
Kaiser Foundation Health Plan, Kaiser Foundation Hospitals, and 
our physician-managed group, you will have access to the latest 
medical technology and resources, the support of colleagues in 





all subspecialties 


and the opportunity to provide excellent 


health care without the burdens of managing a practice. 


Join us in one of these facilities: 


Walnut Creek — Department of 15 
physicians, a perinatologist and seven 
nurse practitioners. Two physicians 
on call daily. Teaching responsibilities 
for third-year residents affiliated with 
the University of California at San 
Francisco. Clinical appointments at 
UCSF also available. Expansion plans 
include a large ICN, and within five 
years, a completely new hospital. 


Martinez/Antioch — Southern Cali- 
fornia climate, Northern California 
charm, Bay Area location. Primarily in 
outpatient GYN, outpatient OB. Seven 
physicians, four nurse practitioners in 
office and hospital practice. Deliver at 
the Walnut Creek Medical Center. 
High-risk pregnancy clinic at Martinez. 
Labor room call once or twice a month. 


Vallejo/Fairfield/Napa — Seventeen 
physicians and four nurse practitioners 
at these facilities. Perform approxi- 
mately 2,900 deliveries per year at the 
Vallejo hospitial and are usually on 
call every eighth night. Affiliated with 
David Grant Medical Center residency 
program at Travis Air Force Base. Val- 
lejo/Fairfield/Napa area offers diverse 
lifestyle options, with both recreational 
and cultural attractions nearby. 


Hayward/Fremont — Full range of 
OB/GYN services with Level IN L&D 
ICN, 3000 deliveries yearly. Full time 
staff includes perinatologist and four 
neonatologists. Medical center and 
associated medical office located on 
east shore of San Francisco Bay with 
easy access to entire Bay Area. 


Santa Rosa — In early 1990, opening 
new hospital featuring seven LDR’s. 
Ten OB/GYN physicians and five nurse 
practitioners. Specialties include infer- 
tility, colposcopy, laser surgery and 
hysteroscopy. Call required once every 
nine nights. Located in Northern 
California's wine country, one hour 
north of San Francisco. 

Santa Clara/Milpitas/Sunnyvale — 
The Santa Clara Medical Center and 
associated medical offices serve 
246,000 members and offer a full range 
of OB/GYN services. 

San Rafael/Petaluma — OB/GYN 
services are available at both the San 
Rafael Medical Center and the new 
Petaluma medical offices, which 
opened in January of 1989. 

San Jose/Gilroy — This department's 
18 physicians average 3,000 deliveries 
per year and offer a full range of 
services including infertility, dysplasia 
and gyn-urology. On-call responsibili- 
ties approximately three nights per 
month. In-house Level II nursery; 
prenatal service shared with our nearby 
Santa Clara hospital. Satellite office in 
Gilroy. Located south of San Francisco 
and about one hour from the Monterey 
coast. The surrounding hills create a 
pleasant environment in which to live 
and work. 


South Sacramento — Fight physicians 
and four nurse practitioners serve 
104,000 members in fast-growing Central 
Valley area. Planning new family- 
oriented L&D facilities. 


Member physicians share TPMG's many benefits, from our leading quality assur- 


ance and continuing education to malpractice coverage and substantial retirement 
programs. For application information, call or send CV to: The Permanente 
Medical Group, Inc., Richmond Prescott, M.D., Physician Recruitment Services, 
1814 Franklin, 4th Floor, Oakland, CA 94612. 800-777-4912. EOE 
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Bacteriuria in the puerperium 792 
Babill Stray-Pedersen, MD, Merete Blakstad, MD, and Tom Bergan, MD 
Oslo, Norway 


Urinary screening of 6803 puerperal women showed bladder bacteriuria in 3.7%; the condition 
persisted in 27%, whereas treatment of 3 to 10 days’ duration provided significant cure. 


Prediction of residual trophoblastic tissue in first-trimester abortions and 797 
low levels of human chorionic gonadotropin @-subunit 

Eyal Schiff, MD, Gilad Ben-Baruch, MD, Orit Moran, MD, Iris Yahal, MBA, Gabriel Oelsner, MD, 

Shlomo Mashiach, MD, and Joseph Menczer, MD 

Tel Aviv, Israel 


A mathematic formula and a clinical scoring system for the prediction of residual villi in 
first-trimester abortions and low 8-hCG is proposed to prevent unnecessary curettage. 


Severe acidosis and subsequent neurologic status 802 
Susan C. Fee, MD, Kathleen Malee, PhD, Ruth Deddish, MD, John P. Minogue, DMin, and 

Michael L. Socol, MD 

Chicago, Illinois 


Severe acidosis identified by umbilical cord arterial blood values in a poor predictor of 
subsequent neurologic abnormalities. 


Antenatal diagnosis of sacral agenesis syndrome in a pregnancy 806 
complicated by diabetes mellitus 


J. D. Sonek, MD, S. G. Gabbe, MD, M. B. Landon, MD, L. E. Stempel, MD, M. R. Foley, MD, 
and K. Shubert-Moell, MD 
Columbus, Ohio 


This case report describes the sonographic and radiologic findings of complete agenesis of the 
lumbosacrococcygeal spine and partial thoracic spine agenesis in an offspring of a diabetic 
mother. 


E Current Development 


An analysis of antenatal tests to detect infection in preterm premature 809 
rupture of the membranes 

Arne Ohlsson, MD, and Elaine Wang, MSc, MD 

Toronto, Ontario, Canada 


An ideal test to rule in or out infection in preterm premature rupture of the membranes has 
not been developed. 
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Production of prostaglandin E2 by human amnion in vitro in response to 
addition of media conditioned by microorganisms associated with 
chorioamnionitis and preterm labor 


R. F. Lamont, DM, F. Anthony, PhD, L. Myatt, PhD, L. Booth, MRCPath, P. M. Furr, FIMLS, 


and D. Taylor-Robinson, MD 
Southampton and London, England 


Twenty-one organisms found in association with chorioamnionitis in preterm labor were 
shown to stimulate prostaglandin Ez production by amnion cells in vitro and was consistent 
with a similar response to the addition of phospholipase Ay. 


A longitudinal study of respiratory changes in normal human pregnancy 
with cross-sectional data on subjects with pregnancy-induced 
hypertension 

Gareth B. Rees, DM, Fiona Broughton Pipkin, PhD, Edwin M. Symonds, MD, and 

John M. Patrick, PhD 

Nottingham, England 


Respiratory changes during normal pregnancy were compared with those occurring during 
hypertensive pregnancy and no significant difference was found. 


a -Adrenergic receptors in guinea pig myometrium in late pregnancy: 
Evidence for a predominantly postjunctional location 
Stephen J. Arkinstall, DPhil, Isabel Moye, BA, and Colin T. Jones, PhD 


Oxford, England 


In pregnant uteri both high a-adrenergic receptor levels in denervated myometrium and 
absence of presynaptic neuromodulation in sympathetically innervated regions suggest that 
these receptors are postjunctional. 


immunohistochemical localization of epidermal growth factor receptor 
during. implantation in the rabbit 

Glen E. Hofmann, MD, PhD, and Ted L. Anderson, PhD 

Norfolk, Virginia 


Epidermal growth factor receptor was immunohistochemically localized weakly to the 
cytotrophoblast and strongly to the syncytiotrophoblast during implantation in the rabbit. 


The relationship between experimentally determined litter size and 
maternal blood pressure in spontaneously hypertensive rats 

Robert A. Ahokas, PhD, and Baha M. Sibai, MD 

Memphis, Tennessee 


The magnitude of maternal peripheral vasodilation during pregnancy is directly related to 
fetal/placental number in spontaneously hypertensive rats. 
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_ Deoxyribonucleic acid flow cytometric analysis of cervical 

- adenocarcinoma: Prognostic significance of deoxyribonucleic acid ploidy 
cand S-phase fraction 

Arto Leminen, MD, Jorma Paavonen, MD, Ervo Vesterinen, MD, Matti Forss, PhD, 

Torsten Wahlström, MD, Pirkko Kulomaa, MSc, and Matti Lehtinen, MD 

Helsinki and Tampere, Finland 








Deoxyribonucleic acid aneuploidy and high S-phase fraction value correlated with poor 
prognosis in cervical adenocarcinomas. 


Studies on cervical intraepithelial neoplasia: The level of 854 
octadeca-9, 11-dienoic acid and measurement of free radical content by 

electron spin resonance spectroscopy 

David G. Wickens, PhD, Michael J. Davies, PhD, John Fairbank, MRCOG, Sun Kuie Tay, MRPO 

Trevor F. Slater, DSc, PhD, and Thomas L. Dormandy, DSc, FRCPath 

London and Middlesex, England 


Neither electronic spin resonance spectroscopy with a spin-trap approach nor 
octadeca-9,11-dienoic acid could distinguish cervical cells obtained from women with cervical 
precancer from those of normal control subjects. 


Increase in the plasma levels of the N-terminal and C-terminal portions of : BBO 
the prohormone of atrial natriuretic factor during normal pregnancy ee 
Rhene W. Merkouris, MD, Frank C. Miller, MD, Val Catanzarite, MD, PhD, Lee A. Rigg, MD, PhD, 

J. Gerald Quirk, Jr., MD, PhD, and David L. Vesely, MD, PhD 

Little Rock, Arkansas 


Both the amino (N)-terminus and carboxy (C)-terminus of the atrial natriuretic factor 
‘prohormone increase during normal pregnancy, with a further increase during postpartum 
diuresis. 





Value of hamster egg penetration assay Stephen L. Corson, MD Philadelphia; Pennsylvania 865 
Reply Constance Mao, MD, and David A. Grimes, MD Seattle, Washington, and Los Angeles, California 865 


Low segment cesarean section: A supracervical hysterotomy Kenneth J. Reamy, MD. MPH Morgantown, West 
Virginia 866 


Sex bias inappropriate Helen H. Kay, MD Durham, North Carolina 866 
Reply B. M. Petrikovsky, MD, PhD, M. Cohen, MD, and J. W. Andreoli, Jr., MD, PhD Stony Brook, New York 866 
Hormone activity and autoimmune function Ting-Chung Pun, MB, and Pak-Chung Ho, MB Hong Kong 866 
Reply Norbert Gleicher, MD, and Albert El-Roeiy, MD Chicago Illinois 867 


Theoretical and technical questions involved with hemodynamic responses James F. Clapp IHH, MD 
Burlington, Vermont 867 


Reply Robert J. Morrow, MD Glasgow, Scotland 867 
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EDITORIAL — 
Summary of analysis of published articles 


September 1, 1988, through August 31, 1989 


Each year a retrospective analysis of the articles published in the JOURNAL is presented 
to the readers and also to the Editorial Board and the Advisory Committee on Policy. | 
Over the past twenty years we have compiled data on the classification, category, and. 
type of articles accepted and published. A comparison of the data for the past two years © 
is presented in Table I. A comparison of publication time in the AMERICAN JOURNAL OF 
OBSTETRICS AND GYNECOLOGY of regular articles (excluding society articles) for 1984- 
1985 through 1988-1989 is shown graphically in Fig. 1, on page 614.* The pie charts on 
page 614 show the articles and page utilization for 1988-1989 by classification (Fig. 2A) 
and by category (Fig. 2B). 


*Publication time of regular articles from time of acceptance to publication: 1984-1985, 4.9) 000. 
months; 1985-1986, 3.7 months; 1986-1987, 4.9 months; 1987-1988, 5.2 months, and 1988-1989, : 
5.6 months. l 





Table I. Comparison of data on classification, category, and type of articles published in 1987-1988 and A ; 
` 1988-1989 l 















1987-1988 1988-1989 i 
No. of Average length No. of Average length 
“| articles Pages per article articles Pages. |. per article” 


Classification of articles: 


Clinical 434 2046 519 2309 
Clinical Investigation 66 365 * s 
Basic Science 63 379 110 635 
Total 563 2790 629 2944 
Category of articles: 
Obstetrics 210 984 237 1086 
Gynecology 172 91] 156 764 
Fetus, Placenta, Newborn 169 819 225 1045 
Education 12 76 11 49 
Total 563 2790 629 2944 


Composition of the JOURNAL based 
on the type of article: 


Regular 290 1499 5.2 329 1609 4.9 

Society 170 1013 6.0 185 1043 5. 

Brief Communication/Case Report 82 153 1.9 93 185 2.0 

Current Investigation 0 0 l 4 4.0 

Current Development 4 38 9.5 1 6 6.0 

Clinical Opinion 17 87 5.1 20 97 4.9 
Total 563 2790 629 2944 





*Clinical Investigation articles are now included in the Clinical classification. 
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Fig. 1. Five-year comparison of publication time of regular articles (excluding society articles) in the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY. 
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CLINICAL SECTION 





Clinical Opinion 


The validity of the postcoital test 


Carolyn S. Griffith, MD, and David A. Grimes, MD 


Los Angeles, California 


Opinion is divided on the clinical usefulness of the postcoital (Sims-Huhner) test in diagnosing infertility. To 


-+ ‘evaluate the validity of this test, we reviewed the world’s literature in English and calculated four indexes 


of validity for each study with sufficient information. The sensitivity of the test ranged from 0.09 to 0.71, 
specificity from 0.62 to 1.00, predictive value of abnormal from 0.56 to 1.00, and predictive value of normal 
from 0.25 to 0.75. In addition to the problem of poor validity, the test suffers from a lack of standard 
methodology, lack of a uniform definition of normal, and unknown reproducibility. The postcoital test lacks 
validity as a test for infertility. (Am J OssteT GYNECOL 1990;162:615-20.) 


Key words: Postcoital test, infertility, semen, cervical mucus 


What is unacceptable is to persist in demonstrably 
ineffective practices either because we fail to col- 
lect systematic information about the effects of our 
actions or because we establish and respond to 
inappropriate incentives.’ 

Since it was first described by the father of American 
gynecology in 1866,° the postcoital test (also known as 
the Sims-Huhner test) has been widely used in infer- 
tility investigations. Despite more than a century of ex- 
perience with this test, its clinical utility is still debated 
in the literature. Some investigators’ suggest that it is 
so informative that it eliminates the need for semen 
analysis, whereas others’ contend that it merely con- 
firms the occurrence of vaginal intercourse. Because of 
this disagreement and the widespread use of this test, 
we conducted a review of the literature and analyzed 
the validity of the postcoital test for predicting infer- 
tility. 


Material and methods 


We conducted a Medline search of publications in 
English related to the postcoital test. We also consulted 
textbook chapters, review articles, and infertility ex- 
perts in our search for relevant literature. For inclusion 
in our study, investigations had to include sufficient 
description of material and methods to allow for anal- 
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ysis, the results of the postcoital test had to be cate- 
gorized as either positive or negative (i.¢., normal or 
abnormal), and the numbers of pregnancies had to be 
reported. For each study*" we calculated four indexes 
of test validity: sensitivity, specificity, and the predictive 
value of abnormal and normal results. 

The sensitivity of the postcoital test as a diagnostic 
test describes its ability to detect infertility. The speci- 
ficity describes its ability to identify fertility. The pre- 
dictive value of abnormal is the likelihood that a couple 
with an abnormal postcoital test result is.actually in- 
fertile. The predictive value of normal is the likelihood 
that a couple with a normal test result is fertile. We also 
examined the correlation between sperm density and 
pregnancy rates in those studies providing this infor- 
mation and plotted receiver-operating characteristic 
curves" for the two largest studies. '° 

The postcoital test involves two assessments: (1) an 
evaluation of the characteristics of the mucus: amount, 
viscosity, spinnbarkeit, and cellularity and (2) a measure 
of the number and motility of sperm found. Abundant, 
clear, highly elastic mucus of the periovulatory period 
is optimal for sperm penetration. Such mucus may be 
available for only 1 to 2 days of the cycle.” Not all the 
reports we analyzed correlated the quality of the mucus 
with the pregnancy rate. Some treated quality of the 
mucus and sperm density as separate diagnostic enti- 
ties.  Others* made the presence of g 
prerequisite for a valid test. Stull others™° studied pop- 
ulations undergoing ovulation induction and thas were 
able to control ovulation timing and mucus charactere 


sod mycus a 





istics. Since the value of good mucus is widely accepted: 


615 











616 Griffith and Grimes 








Am J Obstet Gynecol 


Table I. Summary of patient evaluations in studies of the postcoital test 






Author and 









Diagnostic tests 


Interval from 
coitus to test 





Hystero- Seman 
reference no. Patient population Exclusions Laparoscopy | salpingogram | analysis (hr) 
Jette and Glass*° Infertility patients Artifical insemination, NS NS NS <18 
ovulation induction 
Giner et al.’ Fertile with recent NS NS NS NS 2-8 
spontaneous 
abortions 
Franken and Slabber? Ovulation-induction NS NS Yes NS NS 
patients 
Hull et al.*t Infertility patients Irregular cycles, coital Yes NS Yes 6-18 
failure, poor mucus 
Skaf and Kemmann’t Ovulation-induction NS Yes Yes Yes 8-12 
patients 
Collins et al." Infertility patients Recurrent abortion, Yes Yes Yes 2-12 


prolonged amenor- 
rhea, azospermia 





NS, Not stated. 


*Excluded “organic pathology of female” but evaluation not described. 


+Patients who conceived early did not undergo laparoscopy. 


Patients underwent laparoscopy or hysterosalpingogram. 


and the assessment of its quality does not require post- 
coital examination, we limited our evaluation to the 
sperm. Where sperm density results were stratified ac- 
cording to the quality of the mucus at the time of col- 
lection, only those with good quality were analyzed. 
Failure to conduct the test at the time of ovulation 
leads to a large number of “false-abnormal” results,” 
and the importance of repetitive testing is echoed 
throughout the literature. However, there is no such 
agreement on which test should be repeated and under 
what circumstances. Some investigators® repeated tests 
that were thought to be poorly timed relative to sub- 
sequent menses. Others” repeated those with poor mu- 
cus. In the investigation of Giner et al. of a group of 
fertile patients, every couple was retested until the 
woman became pregnant or the couple dropped out. 
Some authors’ ° did not state the criteria used for ac- 
cepting or repeating an abnormal test result. 
Evaluation of the postcoital test is complicated by the 
lack of standardization between investigations. Patients 
underwent markedly different evaluations to exclude 
alternative causes of infertility, such as tubal occlusion 
(Table I). The interval after coitus at which the sample 
was taken ranged from 2 to 18 hours. The mucus was 
collected with forceps or aspiration without fraction- 
ating the sample. Only two of the studies described the 
length of follow-up, which was 24 months in one study® 
and an average of 23 months in the other." 
Investigators used different systems for assessing 
sperm penetration and different definitions of normal. 
Giner et al.° considered one or more motile sperm per 
high-power field a normal result. Jette and Glass* con- 
sidered one sperm per high-power field adequate to 


assure sperm survival and good coital technique. Hull 
et al.° required at least one sperm swimming forward. 
Collins et al.'° recorded the results of two scoring sys- 
tems, in which five or more sperm per high-power field 
were taken as a normal result. Franken and Slabber” 
devised a scoring system that required the number of 
sperm of a given motility to be multiplied by a com- 
pensatory factor. A good result was equivalent to 10 
fast-moving sperm, 15 “devious” moving, or 30 vibrat- 
ing sperm. In another approach, Skaf and Kemmann? 
scored sperm according to the number, motility, and 
morphology. Pregnancy rates were evaluated for each 
set of values and the cumulative score when the three 
variables were combined. In calculating the sensitivity, 
specificity, and predictive values, we analyzed each 
study’s data according to its definition of normal. 


Results 

The postcoital test has poor validity as a diagnostic 
test for infertility (Table II). Sensitivities ranged from 
0.09 to 0.71, which indicated that between 9% and 71% 
of infertile couples were detected with this test. In five 
of the six studies, about half or fewer of infertile cou- 
ples were identified. Test specificity ranged from 0.62 
to 1.00. In other words, a normal result identified an- 
ywhere from 62% to all the fertile couples. In all six 
studies, the specificity was higher than the sensitivity. 

The predictive value of an abnormal test result varied 
from 0.56 to 1.00. Two small studies had perfect pre- 
dictive values for abnormal tests. In the other four stud- 
ies, from 8% to 44% of diagnoses of infertility were 
incorrect. The predictive value of a normal test result 
ranged from.0.25 to 0.75. Stated alternatively, from 
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Table IL. Validity of the postcoital test 





















Definition 
Author and of abnormal No. of 
reference no. (sperm! HPF) couples 





Jette and Glass* <it 132 

Giner etal.’ 0.0 544 
- Franken and Scoring 38 

Slabber’ system 
Hull et al® 0.0 or only 80 
immobile 
Skaf and Kemmann® <5 50 
Collins et al. <5 355 





HPF, High-power field. 


Prevalance of 
infertility 


0.46 
0.77 
0.74 


0.40 


0.52 
0.63 


Postcoital test validity 61 





Predictive values 



















Sensitivity* Abnormal Normal 


Specificity 


0.25 0.83 0.56 0:36., 
0.09 1.00 1.00 Q25 
0.71 1.00 1.00 ‘0.56 
0.54 0.90 0.79 0.75 
0.42 0.96 0.92 0.61 
0.52 0.62 0.70 0.43 


*Sensitivity defines ability of the test to identify infertile couples. 


+Not explicitly stated. 
Denominator is 107 ovulatory cycles. 


75% to 25% of diagnoses of fertility were incorrect. In 
five of the six studies, the predictive value of an ab- 
normal test result was superior to that of a normal test. 

The likelihood of pregnancy was not clearly related 
to the number of motile sperm recovered from cervical 
mucus. Four of these six studies” *'° stratified preg- 
nancy rates by sperm density, and the relationship was 
not linear. In the largest series published” (Fig. 1), no 
trend was evident between sperm density and preg- 
nancy rates. Indeed, couples in whom no sperm were 
seen had higher pregnancy rates over 2 years of 
observation than did those in whom one to five mo- 
tile sperm were seen, although the confidence limits 
around these rates are wide and overlapping. 

In Fig. 2, the receiver-operating characteristic curves 
for the data from the two largest series* '° are plotted. 
The vertical axis represents the sensitivity (the true- 
positive rate), whereas the horizontal axis represents 
1— specificity (the false-positive rate). A curve dem- 
onstrating perfect predictive accuracy would follow the 
left vertical and upper horizontal boundaries of the 


. graph. The diagonal line indicates that predictive ac- 


curacy is no better than chance, that is, the frequency 
of true-positive results is the same as the frequency of 
false-positive results. Both studies* ° reveal predictive 
accuracy similar to flipping a coin. 


Comment 


As stated by the American Fertility Society," “The 
purpose of a postcoital test is not only to determine 
whether there is a sufficient number of active sper- 
matozoa in the cervix, but also to evaluate sperm sur- 
vival and behavior many hours after coitus (reservoir 
role).” The first objective cannot be met, since the “suf- 
ficient number” has not been identified. Toward this 


end, the test is uninterpretable. Although sperm sur- 


vival and behavior may have bearing on conception 


rates; this has not been established. 


A more reasonable statement of the purpose of the: 
postcoital test is that “the ultimate value of the diag- 
nostic test must lie in its ability to predict pregnancy.” 
In this regard the postcoital test performs poorly. How- 
ever, pregnancy clearly has many determinants, and it 
is difficult to examine any one factor in isolation: A rule: 
of thumb is that the sensitivity and specificity of a good 


test should add to at least 1.50, and those of a very o 


good test should add to at least 1.80. Only one of these”: 
six studies’ met the lower criterion, and this study had 
only 38 patients. The lack of validity of the postcoital 
test has been recognized for decades, although not well 
quantified.'*"* More recent studies have also shown a 
lack of validity in predicting the success or failure with 
in vitro fertilization.'’* *° ee 

Today increasing emphasis is placed on limiting the < : 
use of large, high-technology procedures, such as- 
in vitro fertilization.” However, frequently used “litte 
ticket” items, such as diagnostic tests, account fora 
much larger proportion of rising health care expen- 
ditures. Each year, about 1 million -couples in the 
United States seek medical attention because of infer- 
tility.” If each couple had only one postcoital test per- 
formed at a cost of $50, about $50 million would then 
be spent annually on a test with poor validity. Since 
abnormal tests are commonly repeated, the total cost 
may be substantially higher. 

The proper clinical evaluation of a diagnostic test is 
said to contain eight elements”: (1) a “blind gold. stan- 
dard” of diagnosis, (2) a patient sample that includes 
an appropriate spectrum of mild and severe treated 
and untreated cases, plus persons with different. but 
commonly confused disorders, (3) an adequate descrip- 
tion of both the setting for the study and the filter 
through which the study patients passed, (4) a deter- 
mination of the reproducibility of the test result and 
its interobserver variation, (5) a sensible definition of 
normal values, (6) if advocated as part of a cluster or 
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Fig. 1. Cumulative pregnancy rates (+2 SEs) by number of sperm per high-power field (HPF) on 
postcoital test. (Data from Collins et al.) 
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Fig. 2. Receiver-operating characteristic curves for the post- 
coital test. (Data from Collins et al.’ [squares] and Jette and 
Glass’ [circles].) Diagonal line indicates predictive value no bet- 
ter than chance. 


sequence, a determination of its contribution to the 
overall validity of the cluster or sequence, (7) a descrip- 
tion of the method sufficient for exact replication, and 
(8) a determination of the utility of the test. 

Is there a “blind” comparison with a “gold standard” 
of diagnosis? The postcoital. test has been conducted 
primarily in patients going to-an infertility clinic. Since 
the reproductive history of the couple is usually known 


to the person interpreting the postcoital test, a blind 
comparison is usually not performed. The “gold stan- 
dard” for evaluation is subsequent pregnancy, which 
depends on the length of follow-up. The follow-up pe- 
riod was stated in only two investigations. Thus the 
postcoital test has not been adequately compared in 
“blinded” fashion with a “gold standard.” 

Is there an appropriate spectrum of mild and severe 
treated and untreated cases, plus persons with different 
but commonly confused disorders? The result of the 
postcoital test can be influenced by a variety of disor- 
ders, including cervical stenosis, hypoplastic endocerv- 
ical canal, poor quality of mucus, faulty coital tech- 
nique, “weak sperm factor,” inappropriate semen vol- 
ume, and overly viscous semen?" Moreover, tubal and 
ovulatory factors account for much infertility. Investi- 
gations of the postcoital test have not provided ade- 
quate descriptions of patient evaluations to allow for 
assessment of the spectrum and severity of disease. 

Was there adequate description of both the setting 
for the study and the filter through which study patients 
passed? Studies were done in university hospitals, but 
the filter through which study patients passed was not 
precisely stated. Only a few studies. described. evalua- 
tions that exclude tubal disease or other causes of in- 
fertility. 

Is there a determination of the reproducibility of the 
test and interobserver. variation? The results of the 
postcoital test change dramatically over time. As noted 
by Moghissi® and others," abnormal: postcoital tests 
must be repeated. Harrison” originally found abnor- 
mal test results in 58% of patients, but repeat testing 

















lowered that figure to 30%. Interobserver variation has 
| not been adequately addressed. 


7 “Is there a sensible definition of normal values? 

. Normal values. for this test have not been based on 
large. populations of fertile couples. Neither the 

_ American Fertility Society® nor the World Health 
“Organization” has defined appropriate population- 
based norms. Some argue that any motile sperm should 
be considered a normal test result.” Tredway” defined 
five ‘sperm per high-power field as normal after he 
determined that this was the lower 95% confidence limit 
for the median number in his series of only 43 “normal” 

couples. This figure is suspect, since in another series 
of 50.“normal” patients* nearly a third would have 
been judged abnormal by this criterion. As shown in 
Fig. 1, more than 30% of couples with no sperm 
seen conceived within 2 years. In 70 postcoital tests 
performed during the cycle of conception, earlier 
investigators" found that 39% of tests had fewer than 
one sperm per high-power field. 

In the six studies reviewed here (Table IH), the ab- 
normal value ranged from 0 to less than five sperm per 
high-power field. The definition of abnormality influ- 
ences the performance of the test. Information theory" 
can be used to select the cutoff point, but this has not 
been done to date. 

If advocated as part of a cluster sequence, is there a 
determination of its contribution to the overall validity 


of the cluster sequence? In the diagnosis of syphilis, a 


reagin test is used in conjunction with a treponemal 
antigen test. Each has a contribution to the diagnostic 
sequence. Although efforts have been made to coor- 
dinate the use of postcoital tests with other mucus pen- 
etration tests,” the contribution of the postcoital test 
and its place in the diagnostic sequence are not clear. 
Harrison® usually performs the postcoital test first, 
whereas Moghissi’® suggests that it be performed after 

-< semen analysis. What diagnostic value the postcoital test 
has beyond that of semen analysis is unknown. How- 
ever, Collins et al.” found that the information obtained 
from a postcoital test is more readily obtained from 
semen analysis. 

Is a description of the method sufficient for exact 
replication? The descriptions of methods were ade- 
quate, but the methods varied dramatically between 
studies. There was no standard for the collection of 
mucus, the time from coitus to sampling, the definition 
of ovulation, the length of abstinence before coitus, or 
the conditions under which abnormal tests should be 

repeated. Until the methodology is standardized, it will 
be impossible to establish the reproducibility of the 
postcoital test.” 

Is there a determination of the utility of the test? 

- There is no agreement how this test might influence 
patient management. Opinions range from the test 
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being “a clear and useful means of predicting the- 
chance of conception” to being “an unnecessary and 
cumbersome process.” Jette and Glass’ suggested that 
since no normal values could be determined, the test's 
use may be limited to assurance of adequate.coital tech- 
nique and sperm survival in mucus; this can be done 
with observation of even a single sperm. Although the 
postcoital test may have other uses, such as investigation 
of immunologic factors in infertility, this remains to be 
established. 

The poor validity of the postcoital test is not without 
precedent. As recently shown,” the sperm penetration 
assay, an expensive test currently in vogue, does not 
discriminate well between fertile and infertile men. 
Moreover, it appears that even the time-honored semen 
analysis is not predictive of fertility.” 

Despite performance of millions on millions of post- 
coital tests during the past century, the validity of the 
test has never been established. The limited available 
literature suggests that its validity is poor. The lack of 
standard technique, the absence of population-based 
norms, and the large effect of biologic variation render 
the existing literature nearly uninterpretable. The 
methods used for evaluating the postcoital test. have 
been deficient,!" * and no study has even considered 
the impact of prevalence of infertility on the predictive 
values of the test. Moreover, this test is not innocuous. 
The psychologic pressure of coitus on schedule asso- 
ciated with postcoital testing can lead to impotence, 
further aggravating an already stressful situation for 
couples.” * 

No health care practice should be evaluated in a vac- 
uum. One must always ask what benefits would have 
accrued had the same amount of money and time been 
spent on alternative practices. To the extent that prac- 
tices of undocumented value (such as the postcoital test) 
consume time and resources that could be spent on 
worthwhile practices, they have a negative net impact 
on health.** For example, use of barrier contraceptives 
and spermicides has been shown to provide significant 
protection against tubal infertility.” What health ben- 
efits might have accrued had a century of effort been 
devoted to preventing tubal infertility by this means 
rather than performing millions of postcoital tests of 
unknown clinical significance? 

Tests come and go. Determinations of human pla- 
cental lactogen and urinary estriol as indicators of fetal 
well-being have disappeared from clinical practice be- 
cause of poor validity, as has use of the Rubin test for 
tubal patency. Authorities” acknowledge that “One 
negative [abnormal] postcoital test has little clinical 
value. . ..” The limited existing literature (Table H} sug- 
gests the same holds true for a normal test. Thus until 
the alleged benefits of this test have been shown to merit 
its expense, inconvenience, and psychologic morbidity, 











the test should probably be used more selectively and 
interpreted with greater caution. 
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BRIEF SUMMARY 


SYNAREL® Nasal Solution contains nafarelin acetate (2 mg/mL, expressed as nafarelin base), benzalkonium chloride, 
glacial acetic acid, sodium hydroxide or hydrochloric acid, sorbitol, and purified water. 
INDICATIONS AND USAGE: For management of endometriosis. Experience is limited to women 18 years and older 
treated for 6 months. 
CONTRAINDICATIONS: Hypersensitivity to GnRH, GnRH agonist analogs or any excipients in SYNAREL; undiag- 
Nosed abnormal vaginal bleeding; pregnancy or possibility of pregnancy while taking the drug because SYNAREL may 
Cause fetal harm when administered to a pregnant woman. If SYNAREL is used during pregnancy or if the patient 
becomes pregnant while taking this drug, she should be apprised of the potential hazard to the fetus; use in women who 
are breast feeding. 
WARNINGS: Safe use in pregnancy has not been established clinically. Before starting treatment preg- 
nancy must be excluded. 
When used regularly at the recommended dose, SYNAREL usually inhibits ovulation and stops menstruation. Contra- 
Ception is not insured, particularly if patients miss successive doses. Therefore, patients should use nonhormonal con- 
traception. Advise patients to see their physician if they believe they may be pregnant. If a patient becomes pregnant 
during treatment, discontinue the drug; apprise patient of the potential risk to the fetus. 
PRECAUTIONS Information for Patients: 1. Since menstruation should stop with SYNAREL, the patient should 
ea her physician if regular menstruation persists. Patients missing successive doses may experience breakthrough 
bleeding. 
2. Patients should not use SYNAREL if pregnant, breast feeding, have undiagnosed abnormal vaginal bleeding, or are 
allergic to any of its ingredients. 
3. Safe use in pregnancy has not been established. Therefore, a nonhormonal method of contraception should be 
o during treatment. If a patient becomes pregnant during treatment, she should discontinue the drug and consult 
r physician. 
4. Adverse events occurring most frequently in clinical studies are associated with hypoestrogenism. Nasal irritation 
occurred in about 10% of patients. 
5. Induced hypoestrogenic state results in a small loss in bone density over a 6-month treatment course. Some of this 
loss may not be reversible. During one six-month treatment period, this should not be important. In patients with major 
risk factors for decreased bone mineral content, i.e., chronic alcohol and/or tobacco use, strong family ot of 
osteoporosis, or chronic use of drugs that can reduce bone mass such as anticonvulsants or corticosteroids, SYNAREL 
may pose additional risk. In these patients risks and benefits must be weighed carefully. Repeated courses of treatment 
with GnRH analogs are not advisable in patients with major risk factors for loss of bone mineral content 
6. Patients with intercurrent rhinitis should consult their physician for use of a topical nasal decongestant. If a topical 
nasal decongestant is required during treatment, it must be used at least 30 minutes after SYNAREL dosing to decrease 
the possibility of reducing drug absorption. 
7. Retreatment cannot be recommended since safety data beyond 6 months are not available. 
Drug Interactions: No pharmacokinetic-based drug-drug interaction studies have been conducted. Nafarelin acetate 
is a peptide primarily degraded by peptidase and not by cytochrome P-450 enzymes, and is only about 80% bound to 
fan proteins at 4°C; therefore drug interactions would not be expected to occur. 

rug/Laboratory Test Interactions: SYNAREL in therapeutic doses suppresses the pituitary. gonadal system. Nor- 
mal function is usually restored 4-8 weeks after treatment is discontinued. Therefore, diagnostic tests of pituitary 
gonadotropic and gonadal functions during treatment and up to 4-8 weeks after discontinuation of SYNAREL may be 
misleading. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenicity studies were conducted in rats and 
mice at intramuscular doses up to 110 times and 560 times the maximum recommended human intranasal dose, 
respectively. These multiples of the human dose are based on the relative bioavailability of the drug by the two routes of 
administration. As with other GnRH agonists, nafarelin acetate given to laboratory rodents at high doses for prolonged 
periods induced hyperplasia and/or neoplasia of endocrine organs. At 24 months, there was an increase in the incidence 
of pituitary tumors (adenoma/carcinoma) in high-dose female rats and a dose-related increase in male rats. There was 
an increase in pancreatic islet cell adenomas in both sexes, and in benign testicular and ovarian tumors in the treated 
groups. There was a dose-related increase in benign adrenal medullary tumors in treated female rats. In mice, there was 
a dose-related increase in Harderian gland tumors in males and an increase in pituitary adenomas in high-dose females. 
No metastases of these tumors were observed. It is known that tumorigenicity in rodents is particularly sensitive to 
hormonal stimulation 

Mutagenicity studies using bacterial, yeast, and mammalian systems provided no evidence of mutagenic potential. 

Reproduction studies in male and female rats have shown full reversibility of fertility suppression when treatment was 
discontinued after continuous administration for up to 6 months. 

Pregnancy, Teratogenic Effects: nancy Category X. Intramuscular SYNAREL was administered to rats 
throughout gestation at about 0.5, 2, and 7 times the maximum recommended human intranasal dose based on the 
relative bioavailability by the two routes of administration. An increase in major fetal abnormalities was seen in 4/80 
fetuses at the bo dose. A similar study at the same doses in rats and studies in mice and rabbits at doses up to 600 
ug/kgiday and 0.18 y.g/kg/day, respectively, failed to demonstrate an increase in fetal abnormalities after administration 
throughout gestation. In rats and rabbits, there was a dose-related increase in fetal mortality and a decrease in fetal 
weight with the highest dose. 

Nursing Mothers: It is not known whether SYNAREL is excreted in human milk. Because many drugs are excreted in 
human milk, and because the effects of SYNAREL on lactation and/or the breastfed child have not been determined, 
SYNAREL should not be used by nursing mothers. 

Pediatric Use: a effectiveness in children have not been established. 

ADVERSE REACTIONS: The most frequently reported adverse reactions were those related to hypoestrogenism. In 
Controlled studies comparing SYNAREL (400 g/day) and danazol (600 or 800 mg/day), the following adverse reac- 
tions were most frequently reported and thought to be if Sra 
Hypoestrogenic: hot flashes (SYNAREL , danazol 69%), decreased libido (22%, 7%), vaginal dryness Ang 
7%), headaches (19%, 21%), emotional lability (15%, 18%), insomnia ig 4%); Androgenic: acne (13%, 20%), 
moga (10%, 23%), reduced breast size (10%, 16%), edema (8%, 23%), seborrhea (8%, 17%), weight gain (8%, 
28%), hirsutism (2%, Ca larga libido (1%, 6%); Local: nasal irritation (10%, 3%); Miscellaneous: depression 
(2%, 5%), weight loss (1%, 3%). 

Less than 1% of patients experienced paresthesia, palpitations, chloasma, maculopapular rash, eye pain, urticaria, 
asthenia, lactation, breast engorgement, and arthralgia. In clinical trials, immediate hypersensitivity thought to be pos- 
sibly or probably related to nafarelin occurred in 3 (0.2%) of 1509 healthy subjects or patients. 

Changes in Bone Density: After 6 months’ treatment vertebral trabecular bone density and total vertebral bone mass, 
measured by quantitative computed tomography (QCT), decreased by an average of 8.7% and 4.3%, respectively, com- 
pared to pretreatment levels. There was partial recovery of bone density post-treatment; the average trabecular bone 
density and total bone mass were 4.9% and 3.3% less than pretreatment levels, respectively. Total vertebral bone mass, 
measured by dual photon absorptiometry (DPA), decreased by a mean of 5.9% at end of treatment. Mean total vertebral 
mass, re-examined by DPA 6 months post-treatment, was 1.4% below pretreatment levels. There was little, if any, 
decrease in the mineral content in compact bone of the distal radius and second metacarpal. Use for longer than the 
pone 6 months or in presence of other known risk factors for decreased bone mineral content may cause addi- 
tional bone loss. 

Changes in Laboratory Values: P/asma enzymes. During clinical trials SGOT and SGPT levels were more than twice 
the upper limit of normal in only one patient each. There was no other evidence of abnormal liver function and levels 
returned to normal after treatment was stopped. 

Lipids. At enrollment and at end of treatment, 9% of patients on SYNAREL 400 „g/day and 2% on danazol had total 
cholesterol values above 250 mg/dL. 

Of those with pretreatment cholesterol values below 250 mg/dL, 6% on SYNAREL and 18% on danazol had post- 
treatment values above 250 mg/dL. 

Mean (+SEM) ponam values for total cholesterol from all patients were 191.8 (4.3) mg/dL in the SYNAREL 
group and 19311 (46) mg/dL in the danazol group. At the end of treatment, mean values from all patients were 204.5 (48) 
mg/dL in the SYNAREL group and 2077 (51) mg/dL in the danazol group. These increases from pretreatment values 
were significant (p < 0.05) in both groups. 

Triglycerides were increased above the upper limit of 150 mg/dL in 12% ofthe patients on SYNAREL and in 7% ofthe 
patients on danazol. 

At the end of treatment, no patients on SYNAREL had abnormally low HDL cholesterol fractions (< 30 mg/dL) com- 
pared with 43% of patients on danazol. No patients on SYNAREL had abnormally high LDL cholesterol fractions 
b 190 mg/dL) compared with 15% of those on danazol. There was no increase in the LOL/HDL ratio in patients on 

NAREL, but approximately a 2-fold increase in the LDL/HDL ratio in patients on danazol. 

Other changes. In comparative studies, the following changes were seen in approximately 10% to 15% of patients. 
SYNAREL was associated with elevations of plasma phosphorous and eosinophil counts, and decreases in serum 
calcium and WBC counts. Danazol therapy was associated with an increase of hematocrit and WBC. 
OVERDOSAGE: At present there is no clinical evidence of adverse effects following overdosage of GnRH analogs. 
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The case for routine umbilical blood acid-base studies 


at delivery 
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One of the major goals of obstetricians is to prevent fetal asphyxia. Unfortunately, the commonly used 
clinical indicators (fetal heart rate monitoring, meconium staining of the amniotic fluid, and Apgar scores) 
do not have acceptable accuracy in establishing the presence of fetal asphyxia. These subjective 
assessments often overdiagnose fetal asphyxia and on occasion may fail to detect its presence. The only 
scientific, objective means of diagnosing fetal asphyxia at delivery is through umbilical blood acid-base 
.studies. This test is convenient, noninvasive, and accurate. The routine use of umbilical blood acid-base 
studies is a major asset to the obstetric team in determining (1) the presence of asphyxia and its 
consequences, (2) the efficacy of interventions to prevent fetal asphyxia, and (3) the mechanisms 
responsible for fetal acidosis. (AM J OpsTET GYNECOL 1990;162:621-5.) 


Key words: Fetal acid-base, cord acid-base, fetal asphyxia 


The use of umbilical blood acid-base studies as a clin- 
ical tool was first demonstrated by Saling’ and others 
in the 1960s. The value of these studies has been dem- 
onstrated many times since.?* Yet umbilical blood acid- 
base studies are probably performed in less than 1% of 
all deliveries in the United States. We believe that the 
use of this test should be expanded greatly for the 
following reasons: (1) It is the most accurate method 
of quantifying the acid-base status of the fetus at the 
moment of delivery; (2) if done routinely, it would allow 
us to determine the extent to which fetal asphyxia is 
associated with adverse long-term outcomes; (3) it can 
serve as an objective, scientific measure of the efficacy 
of various antepartum and intrapartum interventions 
designed to prevent fetal asphyxia; and (4) it can pro- 
vide indications about the mechanism responsible for 
fetal asphyxia. 


Umbilical blood acid-base studies provide the 
most accurate method of quantifying the baby’s 
acid-base status at delivery 


When umbilical blood acid-base studies are unavail- 
able, the Apgar score is used to assess the degree of 
fetal asphyxia.’ Unfortunately, a low Apgar score is a 
poor means of diagnosing asphyxia. Low Apgar scores 
indicate only fetal depression or hypotonicity, of which 
there are many causes other than asphyxia. Immaturity, 
anesthetic or other drugs, sepsis, trauma, fetal anom- 
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alies or disease of the central nervous system, or re- 
suscitation mishaps may cause low Apgar scores in the 
absence of fetal asphyxia. Other clinical measures of 
intrapartum fetal asphyxia, such as abnormal fetal 
heart rate tracings and meconium staining of the am- 
niotic fluid, are also often not associated with fetal as- 
phyxia (Table I). Previous studies have shown that 
among fetuses with abnormal fetal heart rate patterns 
before delivery or with low Apgar scores, only 30% to 
40% were acidotic at delivery.** Only 5% of babies with 
meconium staining of amniotic fluid are acidotic at de- 
livery. Even babies with newborn encephalopathy at 
delivery are acidotic only about 20% of the time.* Al- 
though the estimated accuracy of these tests varies de- 
pending on the definition of significant fetal acidosis 
and its prevalence within the study population, it is clear 


that the most commonly used clinical indicators of “as- 


phyxia” (abnormal fetal heart rate tracings and low 
Apgar scores) frequently occur in the absence of fetal 
acidosis (Table I). 

Not only do these clinical proxies usually fail to pre- 
dict acidosis, they can be misleading in that other causes 
(infections, anomalies, or anesthetic effects) are not 
sought.* ® To assess the newborn infant with low Apgar 
scores, it is important to determine the cause since treat- 
ments differ. Depressed newborns who do not respire 
spontaneously or adequately may indeed need basic 
respiratory support. However, the specific cause of the 
depression may indicate the additional need for nal- 
oxone hydrochloride or antibiotic therapy. On the 
other hand, if the depression is related to significant 
acidosis, then, as in the case of the critically ill adult, 
specific respiratory support and alkali therapy may be 


pH determinations’ in the second stage have’ bonge 
eos N 


622 Johnson, Richards, and Wagaman 


March 1990 
Am J Obstet Gynecol 


Table I. Validity of clinical observations in diagnosing fetal acidosis* 

















Clinical measure Sensitivity 


Apgar score <7 at 1 mint 0.46 
Apgar score <4 at 5 min : 0.08 
Moderate or servere meconium staining} 0:31 
Abnormal fetal heart monitoring pattern? 0.62 
Severe newborn encephalopathy : 0.24 


Predictive 
value 
positive 












Predictive 
value 
negative 






False 
negatives 


False 
positives 


l Specificity 





0.38 0.62 0.84 0.88 0.12 
0.27 0.73 0.99 0.98 0.02 
0.05 0.95 0.86 0.98 0.02 
0.44 0.56 0.84 0.91 0.09 
0.22 0.78 0.92 ` 0.93 0.07 





*Values vary depending on the definition and prevalence of significant acidosis. 


{Significant acidosis defined as umbilical arterial pH <7.0.° 


Significant acidosis defined as umbilical arterial buffer base <34 mmol/L.* 


ported to correlate well with umbilical arterial blood 

pH determinations. However, it is not always feasible 

to perform scalp blood pH determinations, and even 

if performed, further progression of fetal compromise 

or successful intervention may result in significant dif- 
. ferences between these two tests. 


If done routinely, umbilical blood acid-base 
studies would allow us to determine the extent 
to which fetal asphyxia is associated with 
adverse long-term outcomes 


It was long believed that intrapartum asphyxia was 
the leading cause of cerebral palsy. However, recent 
studies have shown the fallacy of this theory.’ Only 15% 
of infants with cerebral palsy have low 5-minute Apgar 
scores.* As seen in Table I, only a small percentage of 
infants with low Apgar scores are acidotic. Since Apgar 
scores serve as a poor proxy for umbilical blood acid- 
base studies in the diagnosis of fetal asphyxia, the effect 
of fetal asphyxia on long-term neurologic outcome has 
yet to be determined. 

Widespread use of umbilical blood acid-base studies 
would allow better definition of what degree of as- 

` phyxia places a fetus at risk for neurologic handicap. 
In the past an umbilical arterial pH of <7.2 has been 
accepted as the cutoff point designating significant 
newborn acidemia. However, recent studies report that 
the lower range of normal in uncomplicated pregnan- 
cies is a pH of 7.15. Gilstrap and coauthors’ found that 
even umbilical arterial pH values of <7.00 did not re- 
liably diagnose birth asphyxia when Apgar scores were 
>3 at l and 5 minutes. Low’ cites an umbilical arterial 
buffer base value of <34 mmol/L as indicative of sig- 
nificant fetal asphyxia. Additional large-scale studies 
are needed to determine which values of umbilical 
blood acid-base studies (if any) are predictive of sub- 
sequent neurologic abnormalities. Until such large scale 


studies are done, it seems unlikely that the assertion . 


that cerebral palsy is usually caused by fetal asphyxia 
(and implied mismanagement by the obstetrician) will 
be laid to rest. 


Umbilical blood acid-base studies can serve 
as an objective, scientific measure of the 
efficacy of various antepartum and intrapartum 

` interventions désigned to prevent fetal asphyxia 


Obstetricians probably direct more health care re- 
sources to the prevention of fetal asphyxia (hypoxia 
and acidosis) than to ‘any other fetal complication. 
Banta and Thacker” estimated the cost of electronic 
fetal monitoring at about $250 per monitored patient 
in 1979. If we add to this the cost of antepartal testing 
and adjust for inflation, a current estimate would be 
$500 per delivery. This is an extraordinary expense 
considering that (1) the impact of asphyxia on the fetus 
is not well understood and (2) a scientific, accurate mea- 
sure of asphyxia is rarely used. Umbilical blood acid- 
base studies provide a scientific measure and are the 
“gold standard” for identifying asphyxia of the fetus. 
As such they should be used to evaluate diagnostic and 
treatment modalities designed to prevent asphyxia. 
This is especially true for obstetric studies,'™™ but it 
also applies to anesthesia and neonatology® investiga- 
tions. 

As seen in Table I, fetal heart rate monitoring in 
labor can predict fetal acidosis, but it more often is 
falsely positive. Umbilical blood acid-base studies pro- 
vide the obstetrician with objective, scientific informa- 
tion that enables an accurate, if retrospective, inter- 
pretation of the fetal heart rate tracing. This feedback 
assists the obstetrician in identifying reassuring or 
alarming features in the tracing and may serve to pre- 
vent the over- or underdiagnosing of fetal distress in 
future cases. 

It has been suggested that 15% of the recent increase 
in cesarean sections is because of “fetal distress” as di- 

` agnosed by fetal monitoring. This increase might be 
substantially reduced by the judicious use of scalp blood 
pH determinations and cautious interpretation of the 
fetal heart rate trace. Umbilical blood acid-base studies 
could be used to assess the safety of such a prograrh 
designed to decrease the cesarean section rate. Since 
the occurrence of acidemia is determined by assessment 
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of cord blood gas, routine measurements in an obstetric 
population would afford the most accurate indication 
of the quality of obstetric care. Several clinics have used 
such measurements to assess their own quality of care.” 
When significant metabolic acidosis is present at deliv- 
ery, a careful review of intrapartum management might 
be useful to identify measures to improve overall care. 


Umbilical blood acid-base studies provide 
indications about the mechanisms responsible 
for acidosis 


The acid-base values within the umbilical artery are 
the most accurate indications of fetal tissue status. Um- 
bilical venous acid-base values reflect placental respi- 
ratory status and may not be affected in all causes of 
fetal acidosis. For example, reduced fetal perfusion of 
the placenta resulting from umbilical cord occlusion or 
poor fetal cardiac output would be expected to result 
in ultimate fetal tissue acidosis. However, the delay in 
transit of fetal blood through the placenta in cases of 
reduced cord blood flow may result in improved equil- 
ibration with maternal blood and the presence of es- 
sentially normal pH values in the umbilical venous sam- 
ple. However, since umbilical venous blood flow is also 
reduced under these circumstances, further tissue hy- 


poxia and acidosis occur that are readily reflected in ` 


umbilical arterial blood analysis.'® It has been reported 
that in cases of umbilical cord entanglement, a mean 
pH difference of 0.12 between the artery and vein is 
observed.'? On the other hand, when the cause of fetal 
acidemia is reduced perfusion of the placenta from the 


maternal side (uteroplacental insufficiency, tetanic — 
uterine contractions, or maternal hypotension), re- . 


duced pH values in both the umbilical arterial and ve- 
nous blood can be expected. The mean difference be- 
tween these pH values is then characteristically less.and 
in the range of 0.05." Of course, various combinations 
of uteroplacental insufficiency and cord occlusion can 
occur. However, pH and blood gas differences between 
the two vessels may be used as a crude indication of 
the cause of fetal acidemia. This information can be of 
assistance to the obstetric team in reconstructing events 
that occurred during labor and delivery. 

Because umbilical blood acid-base studies are the 
only scientific, objective measure of fetal asphyxia avail- 
able to obstetricians at delivery, we are surprised that 
they have not been more universally accepted. Al- 
though many obstetric institutions are convinced of the 
value of umbilical blood acid-base studies, not all are. 
The hesitancy in performing these studies can be at- 
tributed to four general concerns: (1) It is a test of 
unproved value. (2) The assessment of the baby by cord 
acid-base studies is “after the fact.” Delivery has already 
occurred, and the values do not add much to the 
impression of monitoring or Apgar scores. (3) The 
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methodology is inconvenient, cumbersome, and costly. 
(4) Such information could be damaging to the clini- 
cian. If the baby has a good Apgar score but acidotic 
umbilical arterial blood, the obstetrician might then be 
accused of improper intrapartum management. These 
issues will be addressed separately. 

It is a test of unproved value. Identification of the 
presence or absence of fetal asphyxia is impossible with- 
out direct acid-base studies. We have previously dis- 
cussed the accuracy and value of umbilical blood acid- 
base studies to assess fetal status at delivery. Umbilical 
blood acid-base studies provide the only scientific, ob- 
jective measure of fetal acid-base status at delivery. As 
such, these studies constitute the “gold standard” for 
all clinical subjective assessments of fetal asphyxia. 

Similar tests of blood acid-base status have played 
key roles in other fields of medicine (e.g., adult and 
pediatric critical care) for at least 30 years. The infor- 
mation provided by these studies has played an essential 
role in improving critical care. Similar use can be an- 
ticipated to evolve in obstetric management of the fetus. 
The precepts for the interpretation of these studies are 
well established and easily applied to umbilical blood 
acid-base studies. These studies have been performed 
by some obstetric units for 5 to 15 years. *:'® Normal 
values and ranges are well established.’ 

The assessment of the baby by umbilical acid-base 
studies is “after the fact.” Delivery has already oc- 
curred, and the values do not add to the impressions 
of intrapartum monitoring or Apgar scores. “After the 
fact” in obstetrics today may not be until the baby has 
reached its twenty-first birthday. Obstetricians, pedia- 
tricians, and anyone else concerned about the neonate 
and the impact of antenatal care on postnatal health 
should be interested in the acid-base status of the baby 
at delivery. As discussed previously, intrapartum mon- 
itoring and Apgar scores are inaccurate indexes of fetal 
asphyxia compared with umbilical blood acid-base stud- 
ies. These umbilical blood studies are also educational 
for the obstetric team in that objective information is 
provided regarding the accuracy of the clinical diag- 
nosis of fetal asphyxia, its probable cause, and the ef- 
ficacy of interventions. 

Umbilical cord blood testing is inconvenient, cum- 
bersome, and costly. Cord blood samples are easily 
obtained in most cases. Delivery room nurses can be 
easily educated to obtain the samples. Sampling is easy 
and timing is convenient.’ Once the cord is clamped, 
very little change in umbilical blood acid-base studies 
occurs. Under these circumstances, the nonclotting fea- 
tures of cord blood allow a minimum of 20 minutes in 
which to obtain and analyze the sample. (Analysis may 
be delayed for 2 to 3 hours if the samples are collected 
in heparinized syringes and stored on ice.) Any quali- 
fied blood gas laboratory technician should be able to 
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perform these analyses. With the new microanalytic 
equipment, duplicate determinations can be done on 
0.6 to 1 ml samples.’ 

The cost is a relative consideration, Realistically, very 
little time, effort, and expendable supplies are required 
to do: these analyses. Umbilical arterial studies are re- 
quired to quantify the severity and type of acidosis. 
Umbilical venous blood analyses are important in qual- 
ity control and to differentiate maternal acidemia, re- 
duced umbilical blood flow, and reduced intervillous 
flow. We prefer analyses on both vessels, but umbilical 
venous studies are not crucial and could be selectively 
excluded to reduce costs. Were these tests to become 
routine in all units, then the expense should decrease. 

We predict that umbilical blood acid-base studies will 
be of assistance in fending off litigation in maloccur- 
rence cases. The money saved by the prevention of one 
major award could pay for the analyses in 70,000 to 
100,000 deliveries. 


Cord acid-base values might be used against the 
obstetrician in a maloccurrence case. If the baby 
has a good Apgar score but acidotic umbilical 
arterial blood, the obstetrician might then be 
accused of improper intrapartum management 


Any maloccurrence has the potential to become a 
litigation case. We predict that umbilical blood acid-base 
studies will be more helpful than harmful to obstetri- 
cians. Seventy-three percent of infants with cerebral 
palsy are born with normal 5-minute Apgar scores.® In 
such cases normal umbilical blood acid-base studies 
should aid immeasurably in refuting allegations of in- 
appropriate intrapartum management. Recent studies 
indicate that only 15% of cases of cerebral palsy are 
associated with low 5-minute Apgar scores.* Even in 
babies with low Apgar scores, 60% to 80% will not have 
fetal acidosis (Table I). Umbilical blood acid-base stud- 
ies could substantiate appropriate intrapartum care in 
these cases. Among the small number of patients in 
whom severe metabolic acidosis is found by umbilical 
blood acid-base studies, the same information would 
become evident during neonatal resuscitation. There 
seems to be little to lose but much to be gained by 
scientific documentation of fetal status with umbilical 
blood acid-base studies at delivery. 


Comment 


Obstetric units that use cord blood acid-base analyses 
on a routine basis have found that they are an accurate 
and informative measure of fetal status at delivery. 
Such analyses are useful to obstetricians in assessing the 
quality of intrapartum care and to pediatricians in de- 
ciding on management immediately after delivery. The 
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educational benefits of umbilical blood acid-base studies 
are invaluable for the obstetric team, the anesthesiol- 
ogists, and the neonatologists. There is little doubt that 
these measurements will improve the quality of ob- 
stetrics and neonatal care. 

The universal or widescale use of umbilical blood 
acid-base studies could serve as a major asset to quality 
assurance and evaluation. The percentage of babies 
delivered with metabolic acidosis of some magnitude 
could be used as a measure of overall quality of obstetric 
care. Cost-effectiveness is another question and one 
that cannot be substantiated at this time. We anticipate 
that umbilical blood acid-base studies will improve the 
cost-effectiveness of intrapartum care by aiding in the 
identification of the most efficacious diagnostic and 
treatment options. Umbilical blood acid-base studies 
could also reduce the risk of litigation in maloccurrence 
cases, thereby decreasing defense expenses. 

In our efforts to assess the baby at delivery, we have 
progressed beyond descriptive terminology. It is time 
to incorporate precise and meaningful laboratory tests 
into our assessment of the baby. Umbilical blood acid- 
base studies provide this information and also clues 
about the underlying pathologic process. They will help 
us establish. better diagnostic criteria and more effica- 
cious therapeutic interventions. 
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Incorporating endovaginal ultrasonography into the overall 


gynecologic examination 


Steven R. Goldstein, MD 
New York, New York 


Previously endovaginal ultrasonography was considered an adjunct for use in full-service ultrasound 
facilities by subspecialists only. The technique, however, has tremendous application for use by the 
clinician in the examination room for patients at bimanual examination. This is because the procedure is 
meant to be performed with an empty urinary bladder. It requires very little time once the operator is 
adequately trained. It provides excellent resolution despite high degrees of magnification. This allows for a 
distinction between a traditional ultrasound examination and this new concept of examining gynecologic 
patients with vaginal probe ultrasonography as a part of the routine overall gynecologic examination. 
Methodology and philosophic issues arising from such a concept are discussed. (AM J OBSTET GYNECOL 


1990;162:625-32.) 


Key words: Endovaginal ultrasound, gynecology, examination 


When endovaginal ultrasound probes were first in- 
troduced into this country, the initial thrust was for 
their use in infertility. The endovaginal approach for 
follicle surveillance in ovulation induction and oocyte 
retrieval in in vitro fertilization has become wide- 
spread.' Subsequent application of the technology has 
come to involve very early pregnancy detection.’ This 
will impact greatly on our sonographic concept of early 
pregnancy failure, especially as it pertains to ectopic 
pregnancy. Currently most generalists in obstetrics and 
gynecology consider endovaginal ultrasonography a 
subspecialization of the already-specialized field of 
obstetric-gynecologic sonography. Quite the contrary, 
however, some early investigators have claimed that the 
modality will be used “as routinely as the classic vaginal 
speculum.” This article describes how endovaginal 
scanning could be incorporated into a clinical practice 
routine. i 

Endovaginal probes are generally of higher fre- 
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quency (5 to 7.5 MHz). This results in excellent reso- 
lution despite high-degrees of magnification. In reality, 
this actually becomes a form of “sonomicroscopy,” 
wherein structures that would not be discernible with 
the naked eye can be appreciated. An example is our 
ability to see cardiac pulsations in a 3 mm embryonic 
thickening along the edge of the yolk sac (Fig. 1). The 
disadvantage is that the higher frequency results in less 
penetration and the effective field of vision is quite 
short. Thus the panoramic pelvic view to which one 
may be accustomed is unavailable and instead one must 
hone in on the appropriate target organ, hence “anat- 
omy derived orientation.” 

The procedure is meant to be performed with an 
empty urinary bladder. This saves time, is better ac- 
cepted by patients, and most important allows for the 
procedure to be incorporated into the overall pelvic 
examination while the patient is still in the lithotomy 
position at the time of the bimanual examination by 
the physician. The probe is cleansed with a disinfectant 
between patients. It is covered with a sheath, finger of 
a glove, or a condom before placement into the vagina. 
Once the operator is adequately trained and under- 
stands the orientation the vaginal probe examination 
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.. Figs 1. Endovaginal ultrasound exainination offers a form of “ “sonomicroscopy’ ibanen high degrees - 


of magnification result in imaging of a structure that would not be discernible with the naked: eye. 
Seen here is a.3.8 mm embryonic thickening along the edge: ofthe yolk sac in w hice cardiac pulsations 


were visualized. 
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Fig. 2. Vaginal probe examination of patient. who had clinical -signs of threatened abortion. Vaginal 
bleeding was accompanied by a closed cervical os. Examination with ultrasonogr: aphy revealed a.23 
mm embryo with normal cardiac activity. and normal- “appearing - adjacent yolk sac. No source of 


patient’s bleeding was discernible. 


adds no more than 1 to 3 minutes. to the overall ex-  - 


amination process.” 


“Mee in.the examination | process 


I will show the evolutionary process - I underwent 
regarding how to incorporate the vaginal probe into 


daily practice routine, I initially viewed this as an 
ultrasound examination and attempted to look at ~ 
indications for’ its use. Over a several month period , ; 


. in, a general obstetrics-gynecology private practice. 
” (university-based) setting in which 15 to 18 patients” 


were seen per half-day session, patients were scanned . 
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Fig. 3. Endovaginal scan of another patient who had clinical signs‘of a threatened abortion (vaginal 
bleeding and closed cervical os). Examination with the vaginal probe revealed an 8-week intrauterine 
gestation with fetal cardiac activity noted. There was a smal] area of subchorionic hemorrhage (white 


arrow), which resolved on subsequent examinations. 


‘ 


when the examiner thought the procedure would én- _ 
` hance the clinical examination. Obviously, this is mark- |; 
edly subjective and not reproducible. Indications for’ ` 
scanning were as follows: first-trimester pregnancy with ` 

an indication (46%); pain resulting in an inadequate; 


bimanual examination (15%); adnexal ‘mass or “full- 


ness” on bimanual examination (11%); amenorrhea:” : 
with a negative slide agglutination test for urinary hu-: * 
man chorionic gonadotropin (7%); postmenopausal pa- - 
tients with a.mass or bleeding (6%); postoperative pa-. . 
tients with complications (6%); and assorted others, in- ` i 


` cluding intrauterine device problems and questionable 


premature cervical dilatation i in pregnancy (9%). After’ - 


routine second- and third- trimester obstetric patients 


were eliminated, I found that 18% of the remaining . i 


patients had ultrasound examinations perforined. 


Over time this examiner realized that anyone having 
a bimanual examination was a candidate for exami- - 
nation with ultrasonography. The potential for im- _ 
` mediate enhancement ‘of clinical information above 


that derived from bimanual examination is very great. 
Consider the: patient who is in the. first trimester of 


pregnancy by dates and is experiencing vaginal bleed- ` 
ing with a closed cervical os. Vaginal probe examination, 
may reveal an intrauterine gestation with cardiac activ-. 


ity and no discernible cause of bleeding (Fig. 2) (con- 


tinuation raté >95%) or an intrauterine gestation with — 


positive fetal heart but thè presence ‘of subchorionic 


hemorrhage (Fig. 3) (continuation rate, 60% to 70%) 5: 
or a nonviable intrauterine gestation (Fig. 4) (elective -, 


curettage indicated as soon as possible). Furthermore, 


‘consider ‘the patient with a palpable adnexal mass or 


“fullness.” Vaginal probe examination may reveal a 
prominent but normal ovary (Fig. 5) or a similarly sized 
cystic. mass with debris (Fig. 6). Follow- -up examination 
may differentiate hemorrhagic corpus luteum cyst 


. from possible endometrioma. Caution must be exerted 


to not overinterpret findings that préviously may not 


: have been appreciated. Also, consider the patient with 
< postmendpausal bleeding in -a normal-sized uterus. 


Vaginal probe examination may reveal a “pencil line” 
linear endometrial. echo (Fig. 7) or abundant endo- 
-metrial echogenicity (Fig. 8). Currently endometrial 
sampling is still mandatory, but preliminary findings 
indicate .that the former picture is consistently associ- 


© ated with tissue. insufficient for diagnosis, whereas the 


latter ‘picture should yield an appropriate amount of 
tissue at the time of sampling. The histologic diagnosis, 
however, should remain in the pathology laboratory. 


l Finally, consider the routine examination that seemed 


normal to palpation at the time of bimanual exami- 
nation but in which vaginal probe examination revealed 
a 1 cm dermoid (Fig. 9) or a 2.6 cm myoma (Fig. 10). 
Incorporation of the vaginal probe ultrasound exam- 


‘ination into our daily routine may raise new dilemmas 


about how we incorporate this knowledge into patient 
, management.. However, ignorance of the exact ana- 


- tomic findings certainly does not enhance patient care. 


‘Instead, we must find appropriate ways to factor such 


“information responsibly into our daily practice. 
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Fig. 4. Patient who had threatened abortion (once again a closed cervical os and vaginal bleeding). 
Examination with the vaginal probe revealed a large gestational sac without evidence of a viable 
embryo. This is compatible with a diagnosis of intrauterine pregnancy failure. Elective curettage 
.can be carried out as soon as logistically feasible. 
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Fig. 5. Routine bimanual examination revealed a “fullness” in the adnexa. Vaginal probe ultrasound 
examination shows a normal-appearing ovary measuring 4.1 by 2.9 cm. It occupies, the normal 
anatomic position overlying the iliac vessels (labeled). The iliac artery is easily identified by its pul- 


sations. 
Comment technology opens the door to “seeing” at the time of 
It becomes apparent that there is a very real differ- examination. Such an analogy may be even more strik- 
ence between a pelvic ultrasound examination and ex- ing in the field of cardiology, in which we meticulously 
amination of a patient with ultrasonography. In the use sounds through the stethoscope to describe anat- 
gynecologic examination room, we have been limited omy of heart valves. Considering that such a technique 


to bimanual examination for decades. Now, increasing is blind, practitioners have become very good at it. With 
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Fig. 6. Patient with similar bimanual examination findings as the patient in Fig. 5. However, vaginal 
probe examination here revealed a 4.1 by 3.4.cm thick-walledvovarian cyst. with debris. One must 
be cautioned about not overinterpreting such findings. Follow-up examination in.6 weeks revealed 
total resolution of this hemorrhagic corpus luteum cyst. 
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Fig. 7. An 8l-year-old patient who had postmenopausal bleeding. Examination with the vaginal 
probe revealed a linear “pencil line” endometrial echo. Endometrial sampling-revealed tissue in-' 


sufficient for diagnosis. 


changing and improving technology, the day will come ` 


when the internist will place a stethoscope-looking de- 
vice (transducer) and “see” the valves. This is no longer 
science fiction. The same is now possible in obstetrics 
and gynecology. However, there are complex nuances 
to understanding the path to its acceptance in our field. 


We can learn by examining the urology model for 


prostate “examination with ultrasound studies. Once 
introduced, its acceptance, as with any new technol- 
ogy, followed a bell-shaped distribution. In obstetrics 
and gynecology, we have had ultrasonography for al- 
most 30 years. Everyone— physicians, patients, and 
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ae, ok Fig. 8.A 74- year -old patient who had postmenopausal bleeding. The uterus-was normal in'siże on 
bimanual: examination. _Endovaginal ultrasound examination revealed a.markedly thickened (2.8 
_cm) echogenic endometrium.. A large amount of tissue was obtained at endometrial simpling; which 


‘revealed pangai perpina: 


manufacturers—have,a set notion of what “ültra- ` 
sound” means. Because of newer" technology, we are 
confrontéd with a new age. We must open our minds .., 
to new, possibilities. “However, as with any~new tech- .. 
nology, t there must be responsible ways ofi incorporating f 


it into our routine. The greatest problem’ with: ‘pro: 


mulgation of vaginal ultrasound scanning may, be ov-: l 
erinterpretation. of ‘normal findings. - “not ‘previously ` 
imaged: This is unlike the early days of obstetric ultra- 
_ sound examination when the greatest fear’(and right- ` 
fully so) was missing something that was indeed present: 
.but went unrecognized. With the high degrees-of mag-. 
nification (sonomicroscopy) that the' vaginal probe ex- ` 
amination allow us, conditions never ‘before appreci-. 


ated will now become clinically . evident. The corpus 


luteum cyst is not always. a smooth-walled unilocular,’ 
structure. It can contain considerable debris and ap; > 


pear more “complex” then previously appreciated. 


Cul-de-sac fluid is seen. more easily and more often with | 


the vaginal probe technique. In addition, very small, 


unilocular, smooth-walled postmenopausal cysts, echo- - . 


genicity in postmenopausal endometria, and small 


asymptomatic seedling myomas are easily seen with this _ 
technique. We need to-address how. we will avoid” 
overreaction to conditions that may be physiologic that 


previously escaped detection. This will require per- 
forming scientific studies to understand what among 


this new knowledge i is ; significant and should require ° 
- intervention. 


The only reasons not to use the technique as outlined 


R, 


zare as follows: (1) timé involved; (2) cost, and (3)'safety.” 


Very quickly’ ‘it becomes ‘obvious that as with any tech- .. 


- nical: ‘skill, the more. one does it. the’ easier ‘it becomes. = 


The ‘same number of patients were: seen in the same 
block ‘of time despite an ultrasound examination that `- 
accompanied. virtually every bimanual’ examination. 

The cost issue is valid and will be addressed. Regarding’ 
its use in pregnancy, L believe that documentation of 


viability. ateach visit-is appropriate : ‘and something that 


has always been practiced. When the fetoscope was all ` 
that, was available;-we-listened for fetal hearts tones as 


early.as we could auscultate them. When continuous- | - 


wave hand-held Doppler. devices were introduced, we.. 


` slistenėd for the. fetal heart much earlier (10 to 12. 


weeks), Now with the. yaginal probe, we can document 
cardiac activity in. a-matter of. seconds at each visit: 
during the first trimester: This allows early recognitioi 


‘of intrauterine pregnancy failure (old terminology: 


blighted ovum versus missed abortion; new terminol- 
ogy: embryonic resorption). ‘Such’ patients can have. 


elective curettage and avoid the physical and emotional ' 
sequelae of spontaneous incomplete abortion. This may 

. raise new clinical dilemmas. When can the patient with © 
a small empty sac be managed expectantly instead of ~ 


scheduling a curettage? Obvion more ee will be- 


. come necessary. Ea . 7 
* Important issues of training and ‘cost must still: be ee 


addressed. If incorporated into residency training: uk- ` 
timately in the manner of fetal monitoring or laparos- h 


PP all pracuagnes residents will become par of the. l 
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Fig. 9. Patient. who had totally unremarkable bimanual examination. Vaginal probe ultrasound 
examination revealed the presence of a small dermoid cyst contained within this normal-sized ovary 


(2.3 by 2.9 cm). 
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Fig. 10. No abnormalities were appreciated at bimanual examination. Vaginal probe ultrasound 
examination revealed an intramural myoma (2.6 by 1.8 cm) anteriorly located between the fundus 
and the lower uterine segment. Such information that previously went undetected may raise new 


solution rather than part of the problem. For physicians p , 


already in practice, postgraduate courses will have to 


fill the need—these already exist from organizations ` 
such as American College. of Obstetricians and Gyne- 


cologists, American Institute of Ultrasound in Medi- 
cine, and various universities and institutions. Fortu- 


nately, this is a diagnostic modality. Any physician ac- 


issues about its saheorporation into actual clinical’ management, 


quiring the skill need not act on it initially. During that 
physician’s “learning curve” phase, he or she need not 
act on the information generated by the technique. The 
patient may still be triaged according to that physician’s 
method of practice. Once that physician is comfortable 
with the information derived from the vaginal probe 
examination, then he or she can begin to factor it into 
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clinical patient management. As previously stated, this 
is a diagnostic modality. No matter how many beef 
tongues one vaporizes with a laser or how many lapa- 
roscopies one performs on a rabbit, those treatment mo- 
dalities must be practiced on live patients. However, the 
incorporation of the vaginal probe examination may 
have a variable rate from physician to physician. 

Admittedly, the equipment will add cost for the prac- 
titioner. However, as it is refined, we will see dedicated 
examination room devices with markedly decreased 
prices that will make a machine in every room a reality. 
The physician may well carry a probe from room to 
room like the internist does his stethoscope. The overall 
time will barely be increased—still some time and ex- 
pense will be incurred and must be passed along to the 
patient (most reasonably in the form ofa slightly higher 
global fee). However, we cannot begin to examine all 
patients routinely with ultrasonography and charge 
them for a pelvic ultrasound scan the way the system 
now charges. Such consideration (cost, training, and 
equipment development), will only affect the slope of 
the adoption of the technique. 

In summary, examining patients with vaginal probe 
ultrasonography will find its way into the gynecologic 


March 1990 
Am J Obstet Gynecol 


examination room because it provides excellent infor- 
mation in selected cases with a small amount of time 
required. It is also simple to perform (operator 
friendly). Still, there will be situations in which the in- 
formation generated will not be clear-cut and definitive. 
Such cases will require consultative ultrasonography 
with an imaging specialist. Knowing one’s limitation, 
that is, when to obtain consultation, has always been 
the sign of a good physician. 

Endovaginal ultrasound scanning is not merely a sub- 
set of conventional ultrasonography as practiced today. 
It should not be reserved for the imaging specialist. Its 
unique characteristics allow instant confirmation of the 
primary obstetric-gynecologic clinician’s physical find- 
ings at the time of the pelvic examination. 
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Clinical Articles 


Pseudogene/functional gene ratio in late-onset 
21-hydroxylase-deficient adrenal hyperplasia 


Ricardo Azziz, MD," Gretchen Wells, PhD,’ Ronald T. Acton, PhD, and 
Howard A. Zacur, MD* 


Birmingham, Alabama, and Baltimore, Maryland 


Late-onset adrenal hyperplasia caused by 21-hydroxylase deficiency leads to hyperandrogenic symptoms 
in 1% to 6% of hyperandrogenic women. Normally there are two 21-hydroxylase genes present in a 1:1 
ratio. Gene CYP21A is a nonfunctional pseudogene, whereas CYP21B is an active gene. Abnormalities of 
the CYP21A/CYP21B gene ratio may serve as a marker for late-onset adrenal hyperplasia. Eight 
hyperandrogenic patients with late-onset adrenal hyperplasia and five control subjects were studied by 
evaluation of autoradiograms of Taq | and Kpn | digests by means of laser densitometry. Seven of eight 
(87%) patients with late-onset adrenal hyperplasia had an abnormal CYP21A/CYP21B gene ratio on laser 


densitometry, suggestive of CYP21A gene duplication, CYP21B gene deletion, or the conversion of a 
CYP21B gene to a CYP21A gene. One of the five control subjects had a heterozygous deletion of the 
CYP21A gene. The CYP21A/CYP21B gene ratio may serve as a useful genetic marker for late-onset 
adrenal hyperplasia in a non-high-risk population. (Am J OssteT GYNECOL 1990;162:633-8.) 


Key words: 21-Hydroxylase, adrenal, hyperplasia, genetic, late-onset 


Late-onset adrenal hyperplasia caused by 21- 
hydroxylase deficiency is associated with the peri- 
pubertal or postpubertal development of hyperan- 
drogenic symptoms including acne, hirsutism, and 


oligoovulation. Between 1% and 6% of hyperandro- 


genic women suffer from this disorder.'® Alternatively, 
in the classic form of the disease the 21-hydroxylase 
deficiency is more severe and leads to the hyperandro- 
genic symptoms (e.g., virilization) in the antenatal or 
immediate postnatal period, with or without salt wast- 
age and cortisol insufficiency. Late-onset adrenal hy- 
perplasia is transmitted as an autosomal recessive trait 
linked to the human leukocyte antigen (HLA) complex. 
Linkage disequilibrium has been described between 
late-onset adrenal hyperplasia and the HLA haplotype 
B14, DR1.**° The incidence of late-onset adrenal hy- 
perplasia is estimated to be 1 in 1000 in the general 
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white population and 1 in 27 among Ashkenazi Jewish 
descendants,’ thus making it one of the most common 
single-gene disorders. Recently the 21-hydroxylase 
genes have been cloned and sequenced.*’ There are 
two 21-hydroxylase genes, CYP21A and CYP21B, 
which tandemly lie 3’ to the genes that encode the 
fourth component of serum complement within the 
HLA region on the short arm of chromosome 6,°° Each 
gene is divided into 10 exons. There are 88 sequence 
differences between the two genes, and mutations in 
exons 3, 7, and 8 render gene CYP21A a nonfunctional 
pseudogene, whereas CYP21B is an active gene. De- 
oxyribonucleic acid digestion with various endonu- 
cleases including Taq I, Kpn I, and Bgl II, followed by 
agarose gel electrophoresis, separates the CYP21A 
from the CYP21B gene. Normally a CYP21A and 
CYP21B gene are present on each chromosome in a 
1:1 ratio. 

Currently the in vivo diagnosis of late-onset adrenal 
hyperplasia is based on the adrenocortical response to 
acute maximal stimulation with exogenous adrenocor- . 
ticotropic hormone (ACTH). This test involves the ad- 
ministration of ACTH or an analog (e.g., 1-24 ACTH) 
followed by serum measurement of the 21-hydroxylase 
precursors 17-hydroxyprogesterone and androstene- 
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dione. If the poststimulation level of these steroids is 
above normal, adrenal 21-hydroxylase is presumed to 
be hypofunctioning or deficient. The diagnosis of 
late-onset adrenal hyperplasia is usually established 
when the 17-hydroxy progesterone level measured 30 
or 60 minutes after 1-24 ACTH administration is 
>36.3 nmol/L (1200 ng/dl) and symptoms appear 
peripubertally or postpubertally, as previously re- 
ported.'* 

To assess the accuracy of endocrinologic testing for 
diagnosis and to determine the prevalence of late-onset 
adrenal hyperplasia, the abnormality at the molecular 
level must also be detectable. Werkmeister et al.’ de- 
scribed an abnormal CYP21A/CYP21B gene ratio in 
five patients with late-onset adrenal hyperplasia by 
means of Taq I restriction endonuclease digestion and 
Southern blotting. In a recent study of 57 families with 
adrenal hyperplasia, Morel et al.? included four fam- 
ilies with late-onset adrenal hyperplasia, three with 
point mutations, and one with a duplication of the 
CYP2IA gene. An abnormal CYP21A/CYP21B gene 
ratio may signal gene deletions or duplications, or gene 
conversion that directly or indirectly affects the func- 
tion of the CYP21B allele. Our study was undertaken 
to determine the utility of the 21-hydroxylase pseu- 
dogene/functional gene ratio (CYP21A/CYP21B) as a 
marker for late-onset adrenal hyperplasia in a non- 
high-risk population. 


Material and methods 

Subjécts 

Control subjects. Five white female volunteers under- 
went acute adrenal stimulation (as outlined below) after 
appropriate written consent according to the guidelines 
of the Institutional Review Board of the University of 
Alabama at Birmingham. All women were physically 
normal without evidence of hirsutism, with regular 
menses (every 26 to 32 days), with a negative personal 
or family history of endocrinologic disorders, and with- 


out current use of medications, including oral contra- ` 


ceptives. AH had normal serum androgen levels and a 
17-hydroxy progesterone level determined 30 minutes 
after ACTH stimulation of <9.7 nmol/L (320 ng/dl), 
within normal limits for our laboratory, as previously 
reported.' 

Patients with late-onset adrenal hyperplasia.: From the 
clinical practices of the Divisions of Reproductive En- 
docrinology of The Johns Hopkins University School 
of Medicine and Reproductive Biology and Endocri- 
nology of the University of Alabama, eight women who 
complained of hirsutism, acne, or hyperandrogenic olj- 
goovulation were diagnosed as having 21-hydroxylase 
deficient late-onset adrenal hyperplasia after an acute 
1-24 ACTH adrenal stimulation test, as previously re- 
ported.' The 17-hydroxy progesterone level 30 minutes 
after the administration of 1-24 ACTH was >36.3 
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nmol/L (1200 ng/dl) in all eight patients, consistent 
with the diagnosis òf late-onset adrenal hyperplasia as 
previously reported in this and othér laboratories. * 
All subjects were white, with only one of Ashkenazi 
Jewish ancestry (No. 1), a population at risk for late- 
onset adrenal hyperplasia.’ All had normal female ex- 
ternal genitalia, and the hyperandrogenic symptoms 
were manifested postpubertally. 

HLA typing. HLA class I antigens were determined 
on peripheral blood leukocytes with the standard Na- 
tional Institutes of Health two-stage microcytoxicity 
test.” Class II antigens were determined by the mod- 
ified microcytotoxic color fluorescent method in B-cell- 
enriched preparations." 

DNA hybridization studies. Plasmid pC21/3c from 
the Tenth International Histocompatibility Workshop 
was used as a hybridization probe. This plasmid had 
been isolated from a human fetal adrenal complemen- 
tary deoxyribonucleic acid library as previously re- 
ported.” The probe was labeled with phosphorus 32— 
cytidine triphosphate to a specific activity of 3 x 10° 
dpm/g with the use of a Random-Primed DNA la- 
beling kit (Boehringer-Mannheim, Indianapolis). 

High-molecular-weight deoxyribonucleic acid was 
prepared from peripheral blood leukocytes according 
to established procedures and digested overnight with 
the following restriction endonucleases: Tag I, Kpn 1, 
EcoRI, and Bgl II (Boehringer-Mannheim). All en- 
zymes were used in the conditions recommended by 
the manufacturer. Gels were viewed under ultraviolet 
transillumination to ensure complete digestion of the 
deoxyribonucleic acid. On agarose gel electrophoresis, 
Taq I, Kpn I, and Bgl II separate the 21-hydroxylase 
genes, with CYP21A/CYP21B fragment sizes of 
3.2/3.7, 4.0/2.9, and 12/10 kb, respectively.*'° Alter- 
natively, EcoRI cleaves the human leukocyte anti- 
gen/21-hydroxylase gene region in a polymorphic 
fashion. 

Deoxyribonucleic acid fragments were electropho- 
retically separated in either 1% (wt/vol) agarose gel 
electrophoresis (Taq I and Kpn I digests) or 0.7% 
(wt/vol) agarose gel electrophoresis (Bgl II and EcoRI 
digests) and transferred to a magnagraph filter (Micron 
Separations Inc., Westboro, Mass.) according to the 
method of Southern,’ Blots were then placed in an 
80° C vacuum oven for 2 hours to bake the deoxyri- 
bonucleic acid onto the filter. Prehybridizations were 
performed with 6x saline sodium citrate buffer, 0.5% 
sodium dodecyl sulfate, 10% Denhardt’s solution, and 
200 pg/ml of sheared herring sperm deoxyribonucleic 
acid for 4 hours at 42° C. Hybridizations were per- 
formed in 50% formamide, 5x saline sodium citrate 
buffer, 1% sodium dodecyl sulfate, 5% Denhardt's so- 
lution, 5% dextran sulfate, and 1 ng/ml of the labeled 
probe for 18 hours at 42° C. Blots were then washed 
in increasingly stringent conditions: twice for 5 minutes 
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Table I. HLA types of late-onset adrenal patients with hyperplasia 


1 A3, A28, B14 

2 A2, B14 

3* A3, B7, B14 

4* A3, A9, B7, B21 
5* A24, B60 

6* A24, B60 

7 A2, A30, B5, B22 
8 A2, A3, B7, B27 





Class I antigens 


DR7, DRw53 

DR1, DR7, DQw1; DRw53 

DRI, DR2, DQw1 

DRI, DR2, DQw1 

DRI, DRw6, DQw!, DRw52 

DRI, DRw6, DQw!, DRw52 

DRI, DR3, DQw1, DRw52 

DR4, DR6, DQw1, DQw3, DRw52, DRw53 





*Patients Nos. 3 and 4 and Nos. 5 and 6 are sisters. 


at room temperature in 5 X saline sodium citrate/0.5% 
sodium dodecyl sulfate, once for 10 minutes at 37° C 
in 1X saline sodium citrate/0.1% sodium dodecyl sul- 
fate, and finally for 10 to 15 minutes at 65° C in 0.2 x 
saline sodium citrate/0.5% sodium dodecyl sulfate. 

The blots were exposed to Kodak XAR film (Kodak, 
Rochester, N.Y.) for 3 to 7 days with a Dupont Cronex 
Lighting Plus intensifying screen (Dupont Co., Wil- 
mington, Del.) at —70° C. Autoradiograms of three 
separate Tag I and Kpn I digests were evaluated in 
triplicate with a Zeinah soft laser scanning densitometer 
(Biomed, Fullerton, Calif.) Bgl II autoradiograms were 
used to further assess whether a homozygous gene dele- 
tion had occurred. However, Bgl II autoradiograms 
were not used for laser densitometry because of the 
proximity of the bands. The coefficient of variation for 
the laser densitometry readings was 6% to 9%. 


Results 


HLA typing. As detailed in Table I, only three of 
eight patients with late-onset adrenal hyperplasia dem- 
onstrated the HLA-B14 allele. Our Ashkenazi Jewish 
patient (No. 1) did not possess the DRI allele typically 
associated with the HLA-B14 allele and late-onset ad- 
renal hyperplasia. , 

DNA hybridization. Taq I, Kpn 1, and Bgl II Southern 
blots, when hybridized to the 21-hydroxylase comple- 
mentary deoxyribonucleic acid probe, yielded two frag- 
ments corresponding to the separated 21-hydroxylase 
genes. None of our control subjects or patients with 
late-onset adrenal hyperplasia had a homozygous dele- 
tion of either 21-hydroxylase gene with the above en- 
donucleases. 

EcoRI digestion and hybridization to the 2l- 
hydroxylase probe resulted in 16 and 12 kb fragments 
in two of our normal individuals (patients 1 and 2), 
whereas the remaining three control subjects showed 
athird 13 kb band. Five patients with late-onset adrenal 
hyperplasia (Nos. 1, 2, 3, 6, and 7) had four bands 
(16, 14, 13, and 12 kb). The remaining three women 
with late-onset adrenal hyperplasia had only the 16, 
13, and 12 kb bands, similar to some of our control 
subjects. 

Relative laser quantitation of the CYP21A and 


CYP21B genes. Autoradiograms of Kpn I and Tag I 
blots underwent laser densitometry to determine the 
CYP21LA/CYP21B gene ratios (Table II). Four of five 
control subjects had equal intensities of their gene frag- 
ments, consistent: with the expected CYP21A and 
CYP21B ratio of 1:1. One control subject (No. 1) dem- 
onstrated a 1:2 gene ratio. 

Among the patients with late-onset adrenal hyper- 
plasia a variety of CYP21A/CYP21B gene ratio abnor- 
malities were observed (Table II). Examples of the au- 
toradiogram patterns are depicted in Fig. 1. Three pa- 
tients, including two sisters, demonstrated a 3:2 gene 
ratio. Three other women with late-onset adrenal hy- 
perplasia, including two sisters, had an approximate 
2:1 gene ratio. One patient had a 3:1 ratio, and one 
patient with late-onset adrenal hyperplasia had no de- 
monstrable abnormality in the CYP21A/CYP21B gene 
ratio. The estimated gene ratios were consistent for 
both the Kpn I and Taq I digests. 


Comment 


Few studies of the molecular genetics of late-onset 
adrenal hyperplasia have been performed. Speiser 
et al.” sequenced the functional gene from an Ash- 
kenazi Jewish patient with late-onset adrenal hyperpla- 
sia who had the B14, DR1 haplotype and suggested 
that a mutation in exon 7, altering codon 281 and re- 
sulting in a valine to leucine shift, was the abnormality 
most likely to be functionally important. They also stud- 
ied eight other patients with the same HLA haplotype 
and one non-B14, DRI individual. Their results sug- 
gested that the reported mutation appeared to be spe- 
cific for this high-risk ethnic group. Although in this 
study the presence of an abnormal gene ratio was not 
noted, this same group of investigators reported an 
altered CYP21A/CYP21B gene ratio (different than 
1:1) in five patients with late-onset adrenal hyperplasia 
by means of Taq I restriction endonuclease digestion." 
All patients in this report also had the B14, DR1 hap- 
lotype, although their ethnic ancestry was not iden- 
tified. Subsequently Morel et al. have studied the 
restriction endonuclease digestion pattern of 57 21- 
hydroxylase—deficient families and included four 
with the nonclassic or late-onset adrenal hyperplasia 
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Table II. CYP21A/CYP21B gene ratios in normal women and women with late-onset adrenal hyperplasia: 
Laser densitometry of Tag I and Kpn I digested deoxyribonucleic acid 














Densitometry* 


Densitometry gene ratio 

















Patient No. 


Estimated 





Average 








Normal subjects 
1l 0.51 = 0.01 0.49 + 0.10 0.50 1:2 
2 : 1.01 + 0.01 1.00 + 0.01 1.00 1:1 
3 1.14 + 0.04 0.94 + 0.11 1.04 1:1] 
4 1.09 + 0.24 0.96 + 0.06 1.02 1:1 
5 1.25 + 0.17 0.98 + 0.04 1.11 l:l 
Women with late-onset adrenal hyperplasia 
1 3.42 + 1.01 3.04 + 0.21 3.23 3:1 
2 1.49 + 0.79 1.39 + 0.13 1.44 3:2 
37 1.52 + 0.17 1.48 + 0.23 1.50 3:2 
4t 1.83 + 0.18 1.37 + 0.19 1.60 3:2 
5t 2.30 + 0.19 2.19 + 0.12 2.24 2:1 or 4:2 
67 211+ 0.14 2.30 + 0.44 2.20 2:lor4:2 
7 1.07 + 0.05 0.95 + 0.09 1.01 1:1 
8 2.91 + 0.55 2.23 + 0.08 2.57 2:lor5:2 
*Mean + SD. 


+Patients Nos. 3 and 4 and Nos. 5 and 6 are sisters. 


form. Three of these families showed apparent point 
mutations and one had a duplication of the CYP21A 
gene. 

We studied the type and frequency of 
CYP21A/CYP21B gene ratio abnormalities in eight pa- 
tients with late-onset adrenal hyperplasia, all of whom 
were white and, with one exception, not of Italian, Yu- 
goslavian, Hispanic, or Jewish ancestry, ethnic popu- 
lations that demonstrate a higher frequency of late- 
onset adrenal hyperplasia.’ None of our patients with 
late-onset adrenal hyperplasia had a homozygous dele- 
tion of the CYP21B gene as expected, because these 
patients clinically demonstrate 21-hydroxylase func- 
tion, albeit deficient. One of our patients with non- 
HLA-B14 late-onset adrenal hyperplasia (No. 7) had a 
normal gene ratio (1:1). Potentially, this densitometry 
reading could also represent either a normal gene com- 
plement or a heterozygous deletion of both the CYP21A 
and CYP21B gene. One set of sisters (Nos. 5 and 6) 
and an unrelated patient (No. 8) demonstrated a gene 
ratio suggestive of a heterozygous deletion of the 
CYP21B gene (2:1). None of these three patients car- 
ried the HLA-B 14 allele. Alternatively, these densitom- 
etry readings could also be interpreted as a gene ratio 
of 4:2 or 5:2, suggestive of multiple duplication of the 
pseudogene. Three of the five patients with late-onset 
adrenal hyperplasia studied by Werkmeister et al. ap- 
peared to have a similar gene ratio. Three of our pa- 
tients with late-onset adrenal hyperplasia had an ap- 
parent heterozygous duplication of the CYP21A gene 
(suggested by a 3:2 gene ratio). Two of these patients 
were sisters (Nos. 3 and 4); one had the A3, B7/A3, 
B14 haplotype, whereas her sibling inherited the A3, 
B7/A9, B21 haplotype instead. They share the A3, B7 
haplotype that has been related to 21-hydroxylase de- 


ficiency in one report. The third patient (No. 2), 
was unrelated and homozygous for the HLA-B14 
haplotype. 

` Gene conversions, unequal crossovers, and polymor- 
phisms can produce a blotting pattern suggestive of a 
gene deletion or duplication by altering the cleavage 
site of the various restriction endonucleases. We used 
three different endonucleases (Tag I, Kpn I, and 
Bgl II) to reduce the possibility that an altered restric- 
tion site is responsible for our blotting pattern. Only 
one of our patients with late-onset adrenal hyperplasia, 
homozygous for the HLA-B14 haplotype, had a gene 
ratio (3:1) suggestive of a CYP21B to CYP21A gene 
conversion. Alternatively, although less likely, this ratio 
may represent repeated multiplication of the pseudo- 
gene while maintaining a normal CYP21B gene com- 
plement (i.e., a 6:2 gene ratio). — 

Of our five endocrinologically normal control sub- 
jects, only one demonstrated an abnormality in her 
CYP21A/CYP21B gene ratio, with an apparent het- 
erozygous deletion of the CYP21A gene. Al-Othman 
et al.'® studied 60 control subjects by Taq I restriction 
endonuclease digestion and subsequent hybridization 
to a 2l-hydroxylase complementary deoxyribonucleic 
acid probe. They observed that 12% appeared to ex- 
hibit a homozygous deletion and 22% a heterozygous 
deletion of the CYP21A gene. Eight percent of these 
apparently normal women also demonstrated a het- 
erozygous deletion of the CYP21B gene. Because only 
Taq I endonuclease digestion was used in this study, 
some of these CYP21B gene deletions could also rep- 
resent an altered restriction site. Furthermore, the 
endocrine status of their control subjects was des- 
cribed and may have included carriers for 21- 
hydroxylase deficiency. Donohoue et al. studied 14 
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Fig. 1. Examples of autoradiograms of Kpn I (A) and Tag I (B). Southern blots after hybridization 
to a complementary deoxyribonucleic acid 21-hydroxylase probe from normal subjects (1:1 and 
1:2 gene ratios) CYP21A and CYP21B gene ratio and patients with late-onset adrenal hyperplasia 
(2:1, 3:1, and 3:2 gene ratios). The different CYP21A/CYP21B gene ratios have been established 


by laser densitometry. 


control subjects, defined as normal by their 17-hydroxy 
progesterone responses to adrenal stimulation, and ob- 
served no 21-hydroxylase gene deletions or duplica- 
tions on Taq I or Kpn I digestion. 

Laser densitometry of Southern blot autoradiograms 
for the quantitation of genes can produce equivocal 
results, particularly when different gel Janes are com- 
pared. In this study, laser densitometry results were 
confirmed in each patient by multiple measurements 
and repeat blot analysis, and similar densitometry re- 
sults were obtained with either Tag I or Kpn I DNA 
digests. In addition, the densitometry results were very 
similar within the two sets of sisters with late-onset ad- 
renal hyperplasia. Finally, the presence of a gene and 
pseudogene within each patient permits a quantitative 
comparison within a gel lane, eliminating the problem 


of variable deoxyribonucleic acid loading onto different 
gel lanes. 

Various investigators have used EcoRI deoxyribo- 
nucleic acid digestion and 21-hydroxylase probing to 
confirm gene deletions or duplications.'”'® However, it 
appears that EcoRI digestion in the human leukocyte 
antigen/21-hydroxylase gene region produces a poly- 
morphic blotting pattern, even in normal individ- 
uals. © Although recently EcoRI polymorphisms 
served to distinguish three individuals with different 
types of 21-hydroxylase deficiency within the same fam- 
ily,” in our two sets of sisters with late-onset adrenal 
hyperplasia the EcoRI blotting pattern was similar, sug- 
gesting that they had the same genetic abnormality. 
Although a higher proportion of our patients with late- 
onset adrenal hyperplasia had a greater number of 
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bands on EcoRI digestion and 21-hydroxylase probing, 
this did not reliably distinguish normal from affected 
individuals. 

The clinical significance of the abnormalities in the 
CYP21A/CYP21B gene ratio observed in seven of eight 
(87%) of our women with late-onset adrenal hyperpla- 
sia, compared with one in five (20%) of our control 
subjects, is unclear. Deletions, gene conversions, or 
conversion of the CYP21B gene may be found more 
frequently in families with 21-hydroxylase deficiency, 
including those with classic congenital adrenal hyper- 
plasia. 1» '*'* 2 In some patients with congenital adre- 
nal hyperplasia with a heterozygous deletion of the 
CYP21B gene, the remaining abnormal CYP21B gene 
is actively transcribed, suggesting that at least in those 
patients the defect was within the gene sequence and 
not its regulatory region.” The relationship of a 
duplicated pseudogene to clinically apparent 21- 
hydroxylase deficiency is less clear. It is possible that 
repeated duplication of the CYP21A gene in some way 
alters the CYP21B regulatory areas. As evidenced by 
the parents of children with classic congenital adrenal 
hyperplasia, only one normal CYP21B gene comple- 
ment is required for individuals to be clinically unaf- 
fected: However, family carriers for only one normal 
gene, as suggested by an altered gene ratio, may be at 
higher risk for producing an affected offspring 
through inheritance of another mutant allele. 

In conclusion, our patients with endocrinologically 
evident 21-hydroxylase deficient late-onset adrenal 
hyperplasia, not deriving from a high-risk popula- 
tion, demonstrated a high frequency of abnormal 
CYP21A/CYP21B gene ratios. The gene ratios sug- 
gested single or multiple CYP21A gene duplication; 
CYP21B gene conversion, or heterozygous CYP21B 
gene deletion, similar to the findings in classic congen- 
ital adrenal hyperplasia. These abnormalities may serve 
as a marker for late-onset adrenal hyperplasia and fam- 
ilies at risk for producing affected offspring. Prospec- 
tive studies are under way to test this hypothesis. 
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Cigarette smoking as a risk factor for pelvic 


inflammatory disease 


Polly A. Marchbanks, PhD, Nancy C. Lee, MD, and Herbert B. Peterson, MD 


Atlanta, Georgia 


To examine the relationship between cigarette smoking and pelvic inflammatory disease we analyzed data 
from a hospital-based, case-control study of pelvic inflammatory disease. Case subjects were 197 women 
hospitalized with their first episode of pelvic inflammatory disease; control subjects were 667 women 
hospitalized with nongynecologic conditions. Logistic regression was used to control for potentially 
confounding factors, including number of recent sexual partners, frequency of intercourse, and previous 
episodes of gonorrhea. Compared with women who had never smoked, current cigarette smokers had a 
significantly elevated relative risk of pelvic inflammatory disease of 1.7 (95% confidence interval, 1.1 to 
2.5). Similarly, former cigarette smokers had a significantly elevated relative risk of pelvic inflammatory 
disease of 2.3 (95% confidence interval, 1.3 to 4.2). However, a dose-response relationship was not 
observed. These results suggest that cigarette smoking is associated with pelvic inflammatory disease. 
Whether or not this association is causal requires clarification. The high prevalence of cigarette smoking 
and the serious consequences of pelvic inflammatory disease make such clarification an important 
consideration for future research. (Am J OpsteT GYNECOL 1990;162:639-44.) 


Key words: Pelvic inflammatory disease, cigarette smoking, women, epidemiology 


In the United States, 28% of adult women smoke 
cigarettes on a regular basis; approximately half of all 
U.S. women have smoked cigarettes at some time in 
their lives.’ In 1985 two case-control studies reported 
that cigarette smoking was an independent risk factor 
for tubal infertility.” * Because tubal infertility is usually 
the result of pelvic inflammatory disease, we hypothe- 
sized that cigarette smoking could be related to an in- 
creased risk of pelvic inflammatory disease. To inves- 
tigate this hypothesis, we analyzed data from the 
Women’s Health Study. 


Material and methods 


The Women’s Health Study has been described in 
detail.‘ In brief, it was a multicenter, hospital-based, 
case-control study of pelvic inflammatory disease. En- 
rollment and data collection occurred from 1976 
through 1978 in 16 U.S. hospitals. Potential case and 
control women were identified by a daily surveillance 
of hospital records. Each prospective participant was 
asked to consent to an interview during her hospital 
stay and to a review of her medical records after dis- 
charge. ; ; 

Study population. Case subjects were women 18 to 
44 years of age with a discharge diagnosis of pelvic 
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inflammatory disease. Control subjects were women 18 
to 44 years of age with a discharge diagnosis of a non- 
gynecologic condition. Because an original goal of the 
Women’s Health Study was to examine the relationship 
between contraceptive use and pelvic inflammatory dis- 
ease, women with discharge diagnoses thought to in- 
fluence contraceptive choice were excluded from the 
pool of potential controls. Three additional groups of 
women were excluded from being potential case sub- 
jects or potential controls: (1) women who reported no 
sexual intercourse in the previous year, (2) women who 
had been sterilized for =30 days, and (3) women whose 
partners had been sterilized for =60 days. 

Although data collection for the Women’s Health 
Study began in October 1976, the collection of infor- 
mation with regard to smoking was not initiated until 
April 1977. Therefore we could not include case and 
control subjects enrolled before April 1977 in this anal- 
ysis. In addition, we excluded women with a history of 
pelvic inflammatory disease and women with a preg- 
nancy within the previous 3 months. After all exclu- 
sions, 197 women remained eligible as case subjects and 
667 women remained eligible as control subjects. 

Data collection. Standardized personal interviews 
were used to collect information with regard to each 
woman’s reproductive, contraceptive, and medical his- 
tories. Recent sexual behavior was assessed through 
questions concerning each woman’s number of sexual 
partners in the previous 6 months and her usual fre- 


. quency of sexual intercourse in the previous 6 months. 


Information about cigarette smoking included current 
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Table I. Percentage distribution of cases and 
controls by eight selected characteristics* 





Cases Controls 
Characteristic (n = 197) (%) (n = 667) (%) 
Age (yr) 
18-19 19.3 11.2 
20-24 38.6 35.4 
25-29 22.8 22.6 
230 19.3 30.7 
Race 
White 47.2 53.7 
Black 36.0 27.9 
Other 16.2 18.3 
Unknown 0.5 0.2 
Education (yr) 
<12 31.5 22.0 
12 39.1 35.4 
>12 29.4 42.6 
Marital status 
Currently 24.9 35.2 
married 
Cohabiting 10.7 7.7 
Previously 21.3 19.0 
married ` 
Never 43.2 37.9 
- married 
Unknown 0.0 0.2 
Number of 
recent sex- 
ual partners -> 
0-1 77.2 88.8 
2-3 17.3 8.7 
=4 5.6 1.8 
Unknown 0.0 0.8 
Frequency of 
intercourse ` 
(per week) 
0-1 45.7 53.8 
2-5 43.2 41.2 
=6 10.7 3.6 
Unknown r- 05 - 1.4 
Previous epi- 
sodes of 
gonorrhea 
None 80.2 91.9 
21 19.3 7.8 
Unknown 0.5 0.3 
Current 
method of 
contra- 
ception 
None 42.6 ; 
Intrauterine 27.4 14.1 
contra- 
ceptive 
device 
Oral contra- 18.3 31.3 
ceptives 
Barrier, 11.2 21.1 
other 
Unknown 0.5 1.5 





*Totals may not equal 100% because of rounding. 


smoking status, the number of cigarettes smoked per 
day for both former and current smokers, and the time 
elapsed since last use of cigarettes. 

For both case and control subjects, medical record 
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abstraction permitted a final determination of study 
eligibility. In addition, the review of medical records 
permitted an evaluation of the certainty of each pelvic 
inflammatory disease diagnosis. Among the 197 case 
subjects in this analysis, 71 women (36.0%) had a dis- 
charge diagnosis of pelvic inflammatory disease that 
was based on operative findings; 40 women (20.3%), 
although they did not undergo surgery, had a discharge 
diagnosis of pelvic inflammatory disease plus a tem- 
perature elevation of >38° C on 2 or more days plus 
a hospital stay 7 days or longer. Eighty-six women 
(43.7%) who did not meet the above criteria had a dis- 
charge diagnosis of pelvic inflammatory disease plus 
medical management (antibiotics) for pelvic inflam- 
matory disease. Microbiologic information for the cases 
of pelvic inflammatory disease was not obtained. 

Definitions. For our analysis, we defined a woman’s 
current method of contraception as that method used 
at any time during the 3 months before interview. If 
more than one method had been used during this time, 
we used the following priority to determine the current 
method: (1) intrauterine contraceptive device; (2) oral 
contraceptives; (3) barrier methods; and (4) other. We 
considered that a woman currently used no method of 
contraception if she had not used any contraceptive 
method during each of the 3 months before interview. 

We defined a woman as previously married if her 
reported marital status was separated, divorced, or wid- 
owed. We defined a woman as cohabiting if she was 
living with a man who was not her husband. 

Analysis. On the basis of previous work with the 
Women’s Health Study,’ we identified eight covariates 
that might potentially confound an association between 
cigarette smoking and pelvic inflammatory disease: age, 
race, education, marital status, number of recent sexual 
partners, frequency of intercourse, history of gonor- 
rhea, and current method of contraception. We used 
logistic regression models containing these eight co- 
variates to compute adjusted odds ratios as estimators 
of the relative risk of pelvic inflammatory disease; 95% 
confidence intervals accompany all of our relative risk 
point estimates. To determine if the effect of smoking 
on the relative risk of pelvic inflammatory disease dif- 
fered among subgroups of women, we assessed our 
eight covariates as potential effect modifiers. Specifi- 
cally, we applied a likelihood ratio test for heterogeneity 
to logistic regression models that included the relevant 
interaction terms.® 


Results 


Table I shows the percentage distribution of case and 
control subjects by the eight selected covariates. A 
higher percentage of case subjects were younger than 
20 years old, were black, had not completed high 
school, were not currently married, had more than one 
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Table II. Relative risk of pelvic inflammatory disease by current and former smoking status 


Smoking status | Cases (n = 192)* |__ Controls (n = 642)" | Relative riskt | (n = 642)* Relative risht 95% confidence interval 





Never 47 248 
Current} 120 327 
Former 25 


67 





Referent 
1.1-2.5 
1.3-4.2 


N =e m 
NGO 





*Excludes one case and one control subject with unknown smoking status; excludes four cases and 24 controls with unknown 


values for covariates in the model. 


tAdjusted by logistic regression for age, race, education, marital status, number of recent sexual partners, frequency of 
intercourse, previous episodes of gonorrhea, and current method of contraception. 


Current smokers include women who had stopped smoking within the 3 months before interview. 


recent sexual partner, had intercourse =6 times per 
week, and had a history of.gonorrhea. A higher per- 
centage of case women used an intrauterine contra- 
ceptive device or did not use a contraceptive method, 
whereas a higher percentage of control subjects used 
oral contraceptives or barrier methods. As mentioned 
in the Material and methods section, all relative risk 
estimates in our analysis were adjusted by logistic 
regression for these eight covariates. 

The relative risk of pelvic inflammatory disease by 
current and former smoking status is shown in Table 
II. Because women might have stopped smoking be- 
cause of their hospitalization, current smokers included 
women who had stopped smoking within the 3 months 
before interview. Compared with women who had 
never smoked, current smokers had a singificantly el- 
evated relative risk of 1.7. Similarly, former smokers 
had a significantly elevated relative risk of 2.3. (Al- 
though not shown here, when women who had stopped 
smoking within the 3 months before interview were 
categorized as former smokers, the relative risk for cur- 
rent smokers remained 1.7, and the relative risk for 
former smokers dropped unappreciably to 2.1.) 

For current and former smokers, compared with 
never smokers, we examined the relative risk of pelvic 
inflammatory disease according to time elapsed since 
last use of cigarettes (Table III). Although the relative 
risk point estimates were not greatly different, the rel- 
ative risk of pelvic inflammatory disease was lowest for 
former smokers who had stopped smoking within the 
3 months before interview. Somewhat higher relative 
risks of pelvic inflammatory disease were observed for 
current smokers and women who had stopped smoking 
in the more distant past. 

Compared with women who had never smoked, the 
relative risk of pelvic inflammatory disease among cur- 
rent smokers did not increase consistently as the num- 
ber of cigarettes smoked per day increased (Table 1V). 
We repeated this analysis among former smokers and, 
similarly, did not observe a dose-response relationship 
(not shown). 

To assess the eight covariates as potential effect mod- 
ifiers, we started analysis with an initial logistic regres- 


sion model that contained the exposure variable (smok- 
ing) and the covariates. We compared this model with 
a full model that contained the exposure variable, 
the covariates, and all two-factor (exposure-covariate) 
product terms. The full model was not a significant 


` improvement over the initial model (p > 0.1). In ad- 


dition to this omnibus test of statistical significance, we 
constructed logistic regression models to examine each 
potential effect modifier individually. No meaningful 
variations in relative risk of pelvic inflammatory disease 
were observed among women with differing levels of 
the eight covariates (not shown). Thus, the effect of 
smoking on relative risk of pelvic inflammatory disease 
did not appear to be remarkably different among these 
specific subgroups of women. Otherwise stated, none 
of the eight covariates substantially modified the effect 
of smoking on relative risk of pelvic inflammatory 
disease. 


Comment 


We found that both current and former cigarette 
smoking were associated with a statistically significant 
twofold increased relative risk of pelvic inflammatory 
disease. A dose-response relationship was not observed, 
nor was substantial effect modification detected. 

In this analysis we were limited to hospitalized cases 
of pelvic inflammatory disease. This meant we could 
not study a complete spectrum of disease because many 
women with pelvic inflammatory disease are never hos- 
pitalized. Furthermore, since pelvic inflammatory dis- 
ease is difficult to diagnose correctly, some misclassifi- 
cation of disease undoubtedly occurred. However, al- 
most 40% of the cases in this analysis met the most 
stringent criteria for pelvic inflammatory disease by 
having a diagnosis that was based on surgical findings. 
Among women who did not undergo surgery, the re- 
striction to hospitalized patients with pelvic inflam- 
matory disease and the use of a discharge diagnosis, 
rather than admission diagnosis, should have further 
reduced disease classification error. To explore the im- 
pact of certainty of diagnosis of pelvic inflammatory 
disease on our results, we repeated our assessment of 
the relative risk of pelvic inflammatory disease by cur- 
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Table III. Relative risk of pelvic inflammatory disease among current and former smokers, according to 


time elapsed since last use of cigarettes 








Months since last 
use of cigarettes 










Cases {n = 191)* 





Never smoked 47 
Current smoker 115 
<3 5 
4-12 5 
>12 19 





Controls {n = 639)* 





95% Confidence 
interval 









Relative risk? 


Referent 
1,1-2.6 
0.4-4.2 
0.8-7.5 
1.2-4.4 


o A O ST © 


1. 
l. 
lL 
2. 
2. 








*Excludes two cases and four controls with unknown time since last use of cigarettes; excludes four cases and 24 controls with 


unknown values for covariates in the model. 


tAdjusted by logistic regression for age, race, education, marital status, number of recent sexual partners, frequency of 
intercourse, previous episodes of gonorrhea, and current method of contraception. 


Table IV. Relative risk of pelvic inflammatory disease among current smokers* by number of cigarettes 


smoked per day 








Cigarettes 
smoked per day Cases (n = 167)T Controls {n = 573)T 
Never smoked 47 248 
0-9 30 88 
10-19 48 115 
20-29 32 91 
=30 10 31 





Relative riskt 95% Confidence interval 


1.0 Referent 
1.4 0.8-2.5 
1.9 1.1-3.1 
1.4 0.8-2.5 
1.8 0.8-4.2 


*Current smokers include women who had stopped smoking within the 3 months before interview. 

tExcludes 25 cases and 67 controls who were former smokers; excludes one case and three controls with unknown number of 
cigarettes smoked per day; excludes four cases and 24 controls with unknown values for covariates in the model. 

Adjusted by logistic regression for age, race, education, marital status, number of recent sexual partners, frequency of 
intercourse, previous episodes of gonorrhea, and current method of contraception. 


rent and former smoking status while restricting the 
analysis to the 111 women with more certain pelvic 
inflammatory disease diagnoses (71 women with a dis- 
charge diagnosis of pelvic inflammatory disease on the 
basis of operative findings, and 40 women with a dis- 
charge diagnosis of pelvic inflammatory disease plus a 
temperature elevation of >38° C on 22 days plus a 
hospital stay =7 days). The relative risk of pelvic in- 
flammatory disease for current smokers dropped from 
1.7 to 1.4 (95% confidence interval, 0.8 to 2.4), and the 
relative risk for former smokers increased from 2.3 to 
2.5 (95% confidence interval, 1.3 to 5.1) (data not 
shown). When we further restricted our case group to 
the 71 women with the most certain discharge diag- 
noses of pelvic inflammatory disease based on operative 
findings, the relative risk of pelvic inflammatory disease 
for current smokers dropped from 1.7 to 1.3 (95% 
confidence interval, 0.7 to 2.4), and the relative risk for 
former smokers dropped from 2.3 to 2.2 (95% confi- 
dence interval, 0.9 to 5.1) (data not shown). Although 
these restrictions did not change markedly the relative 
risk point estimates, the smaller sample sizés resulted 
in wider confidence intervals and loss of statistical sig- 
nificance in three of the four situations. 

Because control subjects were hospitalized, our com- 


parison group probably did not represent accurately 
the smoking status of the general population of women 
from which the cases of pelvic inflammatory disease 
were derived. However, since hospitalized control sub- 
jects would be expected to have a higher prevalence of 
current smoking than the general population, any re- 
sulting bias should have tended to reduce, not elevate, 
the observed association between smoking and pelvic 
inflammatory disease. To investigate this potential bias 
further, we studied the nature of our control group in 


. greater detail. Table V shows the composition of our 


control group by primary discharge diagnosis and 
smoking status. The majority of controls (83.6%) had 
trauma or surgical diagnoses. A somewhat higher per- 
centage of medical control subjects were never smokers, 
and a somewhat higher percentage of trauma controls 
were current smokers. Former smokers were distrib- 
uted more uniformly across discharge diagnosis cate- 
gories. We compared the smoking status of our total 
control group with that of the U.S. female population 
(Table VI). Compared with the 1978 U.S. female pop- 
ulation aged 20-44 years,° the control group of the 
Women’s Health Study contained fewer never smokers, 
more current smokers, and a similar percentage of for- 
mer smokers. This comparison supported the expec- 
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Table V. Percentage distribution of controls, by primary discharge diagnosis and smoking status* 













Traumat 
(n = 172; 25.8%) 
(%) 






Smoking status 


Never 33.1 
Current 55.2 
Former 11.6 


*Totals may not equal 100% because of rounding. 








Surgical? Medical 
(n = 385; 57.8%) (n = 109; 16.4%) 
. (%) (%) 





39.5 47.7 
46.8 39.5 
13.8 i 12.8 








$172 of the 666 controls with known smoking status had trauma diagnoses (172/666 = 25. Sam 


Excludes one control with unknown smoking status. 


tation that our hospital control group would have a 
higher prevalence of current smoking than the general 
population. Therefore any resulting bias should have 
reduced, not elevated, the observed association between 
smoking and pelvic inflammatory disease. 

Three additional sources of potential error should 
be recognized. First, we had incomplete exposure in- 
formation. Most notably, we lacked data on duration 
of smoking and the age at which smoking began. This 
information would have enabled us to explore to a 
greater extent the possibility of a dose-response rela- 
tionship between cigarette smoking and pelvic inflam- 
matory disease. Second, although we were able to adjust 
simultaneously for eight covariates, uncońtrolled con- 
founding was a possibility, especially with regard to 
aspects of sexual behavior. Although we had substantial 
information about a woman’s own sexual behavior, we 
had no information about the sexual behavior of her 
partner. Third, the small numbers of women in certain 
strata increased the likelihood that chance could have 
accounted for some of our findings. 

We are aware of no other study that reports the effect 


of cigarette smoking on relative risk of pelvic inflam- . 


matory disease. However, a number of studies have 
documented an association between cigarette smoking 
and infertility.***° Daling et al.” found that current 
cigarette smoking was a risk factor for tubal infertility 
(relative risk = 2.7) but not for infertility as a result of 
ovulatory factors, cervical factors, or endometriosis. 
The results of Phipps et al.® indicated that current 
cigarette smoking was a risk factor for cervical infertil- 
ity (relative risk = 1.7) and tubal infertility (relative 
risk = 1.6). In contrast to our results related to pelvic 
inflammatory disease, former smokers have not been 
found to be at significantly increased relative risk of 
infertility,” * and a dose-response relationship between 
current cigarette smoking and infertility has been sug- 
gested.” ® 

Cigarette smoking is known to increase the risk of 
cancer in organs having a direct interface with cigarette 
smoke (e.g., lung, larynx, and esophagus), but it also 
has been associated with cancer in certain distal sites 
(e.g., bladder, pancreas, and cervix).""'° In addition, the 


Table VI. Percentage distribution of controls 
by smoking status compared with U.S. 


female population* 





Women’s 
Health Study U.S. female 
controls population, 
(n = 666)F 20-44 yr, 19784 
Smoking status (%) (%) 
Never 39.2 50.9 
Current 47.8 35.3 
Former. 13.1 13.8 


*Totals may not equal 100% because of rounding. 
tExcludes one control with unknown smoking status. 


Source: Health Interview Survey, Division of Health In- 
terview Statistics, National Center for Health Statistics; data 
are based on household interviews with a sample of the civilian 
noninstitutionalized population. 


constituents of cigarette smoke have been reported to 
affect other health conditions through complicated 
mechanisms. For example, cigarette smoking has been 
linked to decreased concentrations of estrogen and to 
estrogen-related effects such as early menopause, post- 
menopausal osteoporosis, and menstrual disorders.® '! 
Numerous studies have reported an association be- 
tween cigarette smoking and adverse pregnancy out- 
comes such as low birth weight’; one study has reported 
an association between cigarette smoking and the oc- 
currence of condyloma acuminatum."” 

The suggestion from case-control studies that ciga- 
rette smoking is a risk factor for ectopic pregnancy™ 
lends support for a possible relationship between cig- 
arette smoking and pelvic inflammatory disease. Be- 
cause pelvic inflammatory disease is a well-established 
risk factor for ectopic pregnancy, perhaps cigarette 
smoking influences the occurrence of ectopic preg- 
nancy through the intermediate condition of pelvic in- 
flammatory disease. Similar to our results related to 
pelvic inflammatory disease, Chow et al. found that 
the relative risk of ectopic pregnancy was increased in 
both former smokers (relative risk = 1.6) and current 
smokers (relative risk = 2.2). 

Evidence from both animal and human studies 
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provides support for the theory that cigarette smoking 
could have an etiologic role in the development of 
pelvic inflammatory disease. Nicotine has been found 
to reduce tubal blood flow in rats and to alter tu- 
bal motility in rhesus monkeys.” Tubal motility in 
women has been experimentally altered by cigarette 
smoking before uterotubal insufflation tests.’* Endo- 
crine function may be affected by cigarette smoking, 
and hypothalmic-pituitary-ovarian interrelationships 
may be disrupted.'”'* Cigarette smoking can affect cer- 
vical mucus constituents'® *° and can depress immune 
function.” ” The precise mechanism through which 
cigarette smoking could mediate an increased relative 
risk of pelvic inflammatory disease is unclear. Our re- 
sults suggest that both former smoking and current 
smoking are associated with pelvic inflammatory dis- 
ease. If this association is causal, then the predominant 
mechanism of action is likely to be a permanent or long- 
lasting change in anatomy, physiology, or both that is 
not yet fully understood. 

The data in this analysis were collected from women 
hospitalized for pelvic inflammatory disease during 
1977 and 1978. Since these calendar years correspond 
roughly to the data collection periods in the two in- 
vestigations that prompted our study hypothesis (1979- 
19815 and 1981-1983), data from the Women’s Health 
Study were particularly appropriate for this hypothesis 
testing. It is possible, however, that the proportions of 
cases of hospitalized pelvic inflammatory disease at- 
tributable to various etiologic agents may have changed 
over time. We have no reason to believe that specific 
etiologic agents would affect possible mechanisms of 
action through which cigarette smoking could influence 
pelvic inflammatory disease occurrence. 

In summary, previous studies have suggested that 
cigarette smoking could be a risk factor for pelvic in- 
flammatory disease. Because of the high prevalence of 
cigarette smoking and the serious consequences of pel- 
vic inflammatory disease, we pursued this issue by anal- 
ysis of existing data from the Women’s Health Study. 
Although our analysis cannot provide conclusive an- 
swers, it suggests that cigarette smoking may somehow 
predispose women to pelvic inflammatory disease. The 
relationship between cigarette smoking and pelvic in- 
flammatory disease needs to be clarified by epidemio- 
logic investigations specifically designed to evaluate this 
possible association. 
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Temporal associations of human papillomavirus infection with 


cervical cytologic abnormalities 


Attila T. Lorincz, PhD, Mark H. Schiffman, MD, William J. Jaffurs, MD, 
John Marlow, MD, Allison P. Quinn,* and Gary F. Temple, MD? 


Gaithersburg and Bethesda, Maryland, and Washington, D.C. 


The relationship between infection with different human papillomavirus types and cervical intraepithelial 
neoplasia was studied in a group of 398 women seen in a private gynecology practice in Washington, D.C. 
Each woman was assessed for human papillomavirus infection by Southern blot hybridization analysis of 
cervical cells cbtained by swab. The human papillomavirus results were correlated with the results of 
Papanicolaou smears taken the same day and with data abstracted from medical records regarding past 
cervical disease. Subjects with normal cytologic findings at the time of human papillomavirus testing were 
followed up for an average of 2 to 3 years with additional Papanicolaou smears. At the time of human 
papillomavirus testing, 58% (19/33) of women with cervical intraepithelial neoplasia had detectable human 
papillomavirus deoxyribonucleic acid in contrast to 10% (28/289) of women with normal cytologic findings 
(p < 0.001). This association persisted after statistical adjustment for age and current use of oral 
contraceptives, a factor that appeared to increase the detection of human papillomavirus. Among women 
with no current cytologic evidence of neoplasia, human papillomavirus detection was more likely in those 
with a history of past genital neoplasia (o = 0.05). In the follow-up study, 15% (3 of 20) of cytologically 
normal women who were human papillomavirus—positive at baseline subsequently exhibited cervical cells 
suggestive of cervical intraepithelial neoplasia compared with only 5% (9 of 195) of human 
papillomavirus—negative women. However, this difference reflected recurrent and not incident neoplasia. 


(Am J OBSTET GYNECOL 1990;162:645-51.) 


Key words: Human papillomavirus, cervical intraepithelial neoplasia, temporal associations 


Human papillomaviruses (HPV) are the etiologic 
agents of human warts and have been associated with 
a wide variety of benign and malignant epithelial le- 
sions.'* Of the 60 types of HPV that are known, ap- 

_ proximately 15 types are commonly found in the ano- 
genital mucosa. One or more of these HPV types is 
found in the majority of cases of cervical intraepithelial 
neoplasia. 3 

HPV deoxyribonucleic acid (DNA) is also found in 
normal genital epithelia adjacent to HPV-containing 
lesions, as well as in women without any evidence of 
disease.*’ It has been speculated that lesions that con- 
tain HPV arise from normal tissue containing HPV, and 
that HPV infection plays a central role in the genesis 
of premalignant and malignant lesions. Laboratory ev- 
idence to support this causal hypothesis is strong and 
growing, but adequate epidemiologic support is not yet 
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available. Most cross-sectional population studies that 
associate HPV infection and cervical neoplasia have 
failed to consider potential confounding factors that 
need to be considered before the association of HPV 
infection and cervical neoplasia is interpreted as causal. 
Prospective epidemiologic data with regard to the risk 
of HPV infection in cytologically normal women are 
lacking. 

This investigation was undertaken to clarify the re- 
lationship of HPV infection with cervical disease, taking 
into account possible confounding variables and fo- 
cusing on temporal relationships between infection and 
disease. In particular, we sought to determine whether 
the presence of HPV DNA in women with normal cy- 
tologic findings is a short-term predictor of subsequent 
abnormal Papanicolaou smears. 


Material and methods 


The study population included women of upper so- 
cloeconomic status who attend a private gynecology 
practice in Washington, D.C. that specializes in colpos- 
copy and laser surgery (J. M.). The majority of the 
patients had been referred to the practice for one of 
the following reasons: abnormal Papanicolaou smears 
or genital condylomas, exposure to diethylstilbestrol 
in utero, or infertility. The remainder were seen for 
routine gynecologic care. Women were enrolled in the 
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study between December 1984 and July 1985 when an 
initial Papanicolaou smear and HPV test were per- 
formed. l 

Samples of exfoliated cervical cells for human pap- 
illomavirus testing were obtained from the endocervical 
canal and the transformation zone after Papanicolaou 
smear with a cotton-tipped swab and were placed in a 
tube containing 1 ml of TE buffer (10 mmol/L Tris 
hydrochloride and 1 mmol/L ethylenediaminetetra- 
acetic acid, pH 8) plus 0.5% sodium dodecyl sulfate. 
The cells on the swab were dislodged by vigorous shak- 
ing for 15 seconds and the swab was discarded. Tubes 
with exfoliated cervical cells were refrigerated at 4° C 
for 1 to 4 days before transport to the HPV. analysis 
laboratory (A. T. L, A. Q), then either processed im- 
mediately or frozen at — 70° C. 

HPV DNA was detected and typed by low-stringency 
and high-stringency Southern blotting procedures, 
described in detail elsewhere.’ Briefly, cell samples 
were digested with proteinase K plus dithiothre- 
itol, and DNA was extracted with phenol-chloroform- 
isoamylalcohol and precipitated with ethanol. The 
DNA pellets were resuspended in TE buffer and ali- 
quots were digested with Pst J. Samples were electro- 
phoresed in 1% agarose gels and then blotted onto 
nitrocellulose. A photograph of the ethidium bromide— 
stained gel and the use of known DNA standards al- 
lowed the inclusion of only samples with more than 
2 wg of total DNA per lane. Of the original study pop- 
ulation, about 5% of samples were found by ethidium 
bromide staining to be inadequate for HPV testing. 
Results are presented only for the 398 women with 
adequate HPV results. S a 

Southern blot filters were hybridized with DNA 
probes of HPV types 6, 11, and 16 prepared by nick 
translation (3 x 10° dpm/jg) and washed under low- 
stringency conditions (—35° C) to identify all HPV 
types including currently unknown types. To identify 
specific HPV types, nylon filters (Hybond-N; Amer- 
sham, Arlington Heights, Ill.) were prepared that con- 
tained immobilized DNA of all the HPV—positive sam- 
ples. These filters were reprobed sequentially at high 
stringency with individual HPV DNAs of types 6, 11, 
16, 18, 31, 33, 35, 42, 43, 44, 45, 51, 52, and 56. All 
analyses for HPV DNA were performed in a masked 
fashion with no knowledge of the cytologic diagnoses. 
Moreover, to prevent falsely positive results, all HPV 
DNA probes were electrophoretically purified and sam- 
ples were reprobed with pBR322 DNA to identify the 
presence of bacterial plasmid sequences.® All pBR-pos- 
itive samples were regarded as negative for HPV unless 
they also had clearly identifiable HPV-reactive se- 
quences. 

For the data analysis, the HPV typing data were com- 
bined into four biologically distinct groups, according 
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to their degree of association with cancer in previous 
investigations. HPV types 6, 11, 42, 43, and 44 were 
categorized as the “type 6 group.” They are principally 
found in condylomas and low-grade intraepithelial 
neoplasia, and only rarely in cancer."*° HPV types 31, 
33, 35, 39, 45, 51, 52, and 56 were combined as the 
“type 31” group. They are associated with a wide variety 
of lesions including condylomas, intraepithelial neo- 
plasia, and 20% to 25% of cancers" (Lorincz AT. Un- 
published data). HPV-16 and HPV-18, the types most 
strongly associated with invasive disease, are found in 
60% to 70% of cervical, vaginal, and vulvar cancers and 
in less severe lesions.'* Type 18 was not found in any 
samples from the study population; thus this group was 
presented in the results as “type 16.” Although con- 
ceptually useful, the distinction between these three 
groups is not absolute. A fourth group, “uncharacter- 


_ ized HPV types,” may include both new HPV types and 


HPV types for which probes were not used in this study. 

The study population was also categorized on the 
basis of results of the enrollment Papanicolaou smear 
(W. J. J.), masked to HPV results. Some diagnostic cat- 
egories were combined to provide larger numbers: The 
“normal” group included individuals with either nor- 
mal cervical cells or benign inflammatory cells, the “re- 
active atypia” class comprised patients with cells sugges- 
tive of metaplastic, glandular, or undefined atypia, and 
the “cervical intraepithelial neoplasia” group of patients 
had changes suggestive of flat condyloma or definite 
cervical intraepithelial neoplasia. The inclusion of sub- 
jects with condylomatous changes in the cervical intra- 
epithelial neoplasia category follows the recent rec- 
ommendations of the Bethesda conference on cervical 
cytologic nomenclature. , l 

Women who had cytologically normal findings and 
received no treatment at enrollment were followed up 
with repeat Papanicolaou smears as they returned for 
routine clinical care. Study follow-up ended on Sept. 
30, 1988. During the course of follow-up, patients who 
were found to have abnormal Papanicolaou smears 
were monitored by repeated Papanicolaou smear or 
colposcopy and had biopsy if suspicious areas were de- 
tected on the cervix after the application of 5% ace- 
tic acid. Histopathologically confirmed lesions were 
treated with either cryosurgery or the carbon dioxide 
laser. l 

The medical record of each study participant was 
abstracted, masked to HPV results, to obtain a complete 
history of cervical pathologic conditions and treatments 
both before the enrollment date (past medical history} 
and during follow-up. Also abstracted were details re- 
garding possible confounding variables that could af- 
fect the association of HPV infection and cervical neo- 
plasia, including oral contraceptive use, day of the men- 
strual cycle, or pregnancy at the time of HPV testing, 
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exposure to DES in utero, and age. Abstracts were comi-* 
pleted by a trained medical abstractor who used.a stan; 
dardized form developed for this study. Ten percent: ` 
of the abstracts were repeated (M. H. S. ) and confirmed on 


for accuracy. ol 

The measures of association used in the dae analysis 
were Fisher’s exact test (two-tail) for 2 x 2 tables and 
x? statistic for larger tables." In the case of ordered 
categories (e.g., increasing age), the 1 df Mantel x? for 


trend was used.'* To permit statistical control of: po- 


tential confounding variables, the cross-sectional. data 
from enrollment were also analyzed with logistic regres- 


sion models (BMDP LR) to provide estimates of the’ 
crude and adjusted relative risks associating cytologic - 
abnormality with HPV infection. A relative risk of ` 


10.0 for HPV infection, for example, would indicate 
that cervical neoplasia occurs 10 times as often among 
infected women than among noninfected women. 
Ninety-five percent confidence intervals were also com- 


puted; if the interval excludes 1.0, this. corresponds - 
roughly to statistical significance at the level of 


p = 0.05. 
In the prospective analysis in which time a follow- 


up was a consideration, Cox proportional hazards mod- f ' 
eling (BMDP 2L) was used."* For each subject i in the’ 


prospective analysis, the date of enrollment was taken 


as the start of follow-up. For women with-new abnor- | ~ 


malities during follow-up, the exit date was considered 


the earliest date that a subsequent Papanicolaou smear.. . 


or biopsy result showed: cervical intraepithelial neopla- 
sia. For women with no known new cervical neoplasia - 


during follow-up, the censor date was taken as the date ` 


of the last normal Papanicolaou smear-before Sept. 30, 
1988. 


as three discrete temporal analyses. First, the enroll- 


ment Papanicolaou smears and HPV tests were com- - 


pared in a-cross-sectional. analysis, with consideration 
of potentially confounding. variables assessed in the 
medical abstract. Then the issue of past disease that 


could affect current HPV results was considered by’ 


comparison of HPV results at enrollment with relevant 


details of past medical history from the patient records. H - 
Finally, the prospective aspect of the study was consid- i 


ered, associating the enrollment HPV results with sub- 
sequent clinical course. . i 


Results 


The median age of thé 398 women in the ay, póp- ve 


ulation was 34 years (mean, 35; range, 15-to 79 years). 
Thirty-eight women in the group (10%) had previous: 
hysterectomies according to their medical - records; 
these women were excluded from: analyses unless. in- 
dicated. 

As shown in Table L the prevalence. of HPV at en- 


This multipart i investigation can be viewed dereio G 
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> rollment' was strongly associated with cytologic diag- 
~ nosis (p <'0.001). Ten percent of 289 women with cy- 


'- tologically normal cervices had HPV DNA of any type. 
The prevalencé of HPV DNA in cervical cells of women 
‘with reactive atypia resembled the results for normal 
women. In contrast, 58% of the 33 women with cervical 
intraepithelial neoplasia had HPV DNA. 

_ HPV type-specific results yielded sparse data in many 


” comparisons; thus statistical significance testing was not 


performed. A few apparent trends are noteworthy. Hu- 
man. papillomaviruses of the type 6 group were de- 


tected in similarly low percentages (<3%) of samples 
.-from/all diagnostic categories. In contrast, the preva- 
: lence of HPV-16 and the type 31 group was increased 


in women’ with cervical intraepithelial neoplasia, thus 
largely explaining the overall association of HPV pos- 
itivity with severity of lesion. 

Infection of the same cervical sample with more than 
_ one: HPV type was relatively uncommon. Of the 52 
. women infected with HPV DNA, only four (8%) had 


`. two HPV types, none had three HPV types, and pref- 


erential HPV type combinations in the samples were 
not apparent. 

We examined whether selected Jonak and be- 
havioral. characteristics of the patients correlated with 
the diagnostic categories and with the presence of HPV 
DNA, and thus might confound the association of HPV 
infection with cervical intraepithelial neoplasia. Factors 
considered included current pregnancy, current oral 


` contraceptive use, diethylstilbestrol exposure in utero, 


- . day of the menstrual cycle, and age divided into three 
categories (<31, 31 to 40, >40 years). 

Women who were.using oral contraceptives were sig- 
nificantly‘ more likely to have cervical intraepithelial 
neoplasia (p = 0.03). Currently pregnant women were 
also slightly more likely to have cervical intraepithelial 
neoplasia (p = 0.10), as were older women (p for 


. trend. =-0.30). In contrast, women with a history of 


diethylstilbestrol exposure in utero were less likely to 
have cervical intraepithelial neoplasia (p = 0.24). Day 
of the menstrual ae was not tassociated with cytologic 
diagnosis. 

With regard 'to ‘HPV DNA detection, current oral 

contraceptive use was strongly associated with HPV 
positivity (p < 0.001). This relationship, shown in Table 
II, was most apparent.among subjects with cytologically 
normal smears and those that showed reactive atypia. 
All type-specific HPV groups showed the effect of oral 
contraceptive use except the type 6 group, for which 
` very small, numbers prevented a meaningful com- 
parison. 

Current’ pregnancy was also related to increased 
HPV detection (p =.0.08), but there were only 12 preg- 
nant women in the study group; this association was 
mainly a result of three women with cervical intraept- 
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Table I. Prevalence of HPV DNA in exfoliated cervical cells from 360 women, by cytologic diagnosis and 


HPV type* 
















Cytologic diagnosis 
Normal (n = 289) 28 10 6 
Reactive atypia (n = 38) 5 13 1 
Cervical intraepithelial neoplasia 19 58 0 
(N = 33) 





HPV DNA result? 






Uncharacterized 


types 





2 7 2 8 3 7 2 
3 3 8 0 0 l 3 
0 8 24 8 24 3 9 


* Excludes 38 women with hysterectomies. The HPV-6 group consists of types 6, 11, 42, 43, and 44; the HPV-31 group consists 


of types 31, 33, 35, 45, 51, 52, and 56. * 


{HPV results include four double infections: one woman with types 33 and 44 classified as type 33, one woman with types 31 
. and 52 classified as type 31, and two women with types 33 and 52 classified as type 33. 


Association of HPV detection (any type) with cytologic diagnosis is statistically significant (p < 0.001). 


Table II. HPV DNA detection in current users and nonusers of oral contraceptives by cytologic diagnosis* 





Cytologic diagnosis 
Normal (n = 222) 


Current oral contraceptive user 42 

Nonuser 180 
Reactive atypia (n = 28) 

Current oral contraceptive user 5 

Nonuser 23 
CIN (n = 27) 

Current oral contraceptive user 1} 

Nonuser 16 





HPV DNA result 


26 <0.001 
6 

60 0.03 
9 

73 0.45 

56 


*Excludes 38 women with hysterectomies and an additional 83 women for whom current oral contraceptive use could not be 


ascertained by chart review. 


tp value for HPV detection among oral contraceptive current users versus nonusers, by cytologic diagnosis. 


thelial neoplasia who had HPV type 16 DNA detected. 
A decrease in HPV detection was observed in the 101 
women exposed to diethylstilbestrol compared with 
those not exposed (p = 0.03). This difference was most 
pronounced among women with Papanicolaou smears 
that showed reactive atypia. Day of the menstrual cycle 
was not significantly associated with HPV detection. 
HPV detection did appear initially to decrease with age 
(p for trend = 0.05), but this trend could be entirely 
explained as a correlate of oral contraceptive use, which 
declined strongly with age. 

When the women with cervical intraepithelial neo- 
plasia were compared with those without neoplasia (re-- 
active atypias grouped with normal smears), the overall 
estimated relative risk of neoplasia associated with HPV 
positivity was 12.1 (95% confidence interval, 5.6 to 
26.3). Statistical adjustment for the effects of oral con- 
traceptive use, diethylstilbestrol history, or pregnancy 
by logistic regression modeling did not materially affect 


this estimate, which remained above 10.0 in all analyses. 
Moreover, the strong association of oral contraceptive 
use with cervical intraepithelial neoplasia, which was 
apparent in the univariate analysis, disappeared when 
the HPV data were considered. 

Among women whose enrollment cytologic findings 
were normal, those with histories of genital neoplasia 
were more likely than those without such a history to 
have HPV detected (Table III). Similar effects were 
seen in women with abnormal cytologic findings at en- 
rollment but were statistically nonsignificant, perhaps 
reflecting the small numbers of patients. Histories were 
categorized as positive for neoplasia if there was men- 
tion in the records of previous Papanicolaou smears or 
biopsy results that indicated cervical neoplasia (ap- 
proximately 70% of the positive histories), or if there 
was mention of cervical therapies generally prescribed 
for neoplasia, such as cryosurgery, laser surgery, or 
cone biopsy (another 20%). Approximately 10% of the 
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positive histories were a result of genital condylomas 


or carcinomas that did not involve the cervix; exclusion 
of these few women from the analysis did not change 
the overall results. The finding of increased HPV de- 
tection in women with histories of genital neoplasia was 
not restricted to any one of the type-specific HPV 
groups. 

HPV results were examined separately for the 38 
women with hysterectomies who had been excluded 
from the main analysis, Only 5% of these women had 
cytologic evidence of intraepithelial neoplasia in their 
vaginal specimens, less than the 9% with cervical intra- 
epithelial neoplasia among the women with intact cer- 
vices. In contrast, the prevalence of HPV detection 
among the women with hysterectomies was found to 
be 21%, slightly higher than the prevalence in women 
with intact cervices (14%). When women were stratified 
into two groups on the basis of history of cervical neo- 
plasia, HPV was still found to be as prevalent in the 
women with hysterectomies as in the rest of the study 
group. 

To determine how often HPV-positive women who 
had initially cytologically normal findings would exhibit 
cytologic abnormalities on follow-up, prospective data 
were obtained on 215 (66%) of the 324 women in the 
study population with cytologically normal Papanico- 
laou smears at enrollment, including 30 of the 38 
women with hysterectomies. The subjects for whom 
follow-up slides were available were older than the re- 
mainder of the study population and more likely to 
have a history of diethylstilbestrol exposure. There 
were no significant differences between the groups in 
oral contraceptive use or pregnancy. 

The women in the prospective study were classified 
according to history of genital neoplasia, and as positive 
or negative for HPV DNA (Table IV). Twelve women 
had Papanicolaou smears during follow-up that were 
suggestive of neoplasia. Although women with HPV 
detected at enrollment had a higher rate of apparent 
progression to disease (3 of 20, 15%) than did HPV- 
negative women (9 of 195, 5%), this comparison may 
be misleading because it ignored the influence of past 
medical history. In fact, 10 of the 12 apparent pro- 
gressions occurred in women with a history of genital 
neoplasia. Therefore the analysis was limited to the 
subgroup of 123 women with normal cytologic findings 
at enrollment but who had no history of neoplasia. 
Within this group, 110 women were HPV-negative at 
enrollment; they were followed up for an average of 
896.2 days, with a mean of 3.5 follow-up Papanicolaou 
smears. Thirteen women had HPV detected at enroll- 
ment; they were followed up for an average of 844.4 
days and had a mean of 3.2 follow-up Papanicolaou 
smears. Thus the number of follow-up Papanicolaou 
smears and the length of follow-up did not differ 
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Table III. HPV DNA detection in 360 women 
according to history of genital neoplasia, by 
current cytologic diagnosis* 











HPV 








Current DNA 
cytologic detection 
diagnosis (%) 









Normal No (n = 147) 6 0.05 
(n = 289) Yes (n = 142) 13 

Reactive No (n = 11) 0 0.30 
atypia 

(n = 38) Yes (n = 27) 19 

Cervical in- No (n = 6) 33 0.36 
traepithe- 
tial neo- 
plasia 

(n = 33) Yes (n = 27) 63 





*Excludes 38 women with hysterectomies. 


t History includes Papanicolaou smear or cervical biopsy of 
cervical neoplasia; previous cryosurgery, laser surgery, or cone 
biopsy; or history of genital condylomas. 


tp value for HPV detection according to medical history, 
by cytologic diagnosis. 


greatly by HPV status at enrollment. However, 23% of 
the HPV-positive women had recurrent disease during 
follow-up, compared with only 6% of HPV-negative 
women. The estimated relative risk of recurrence for 
HPV-positive women when the varying durations of 
follow-up for individual subjects were considered was 
3.7 (95% confidence interval, 1.0 to 14.6). 

It should be emphasized that the women in whom 
recurrences were noted often had extensive histories 
of cervical disease and treatments. As the most extreme 
example, one of the three HPV-positive women was a 
72-year-old woman with a previous history of cervical 
intraepithelial neoplasia and a hysterectomy, who de- 
veloped vaginal intraepithelial neoplasia that was con- 
firmed by biopsy. All other recurrences involved cer- 
vical neoplasia. 


Comment 


The results show that HPV DNA is detectable by 
Southern blot hybridization in approximately 60% of 
women with cervical intraepithelial neoplasia, com- 
pared with only about 10% of women with normal cy- 
tologic findings or reactive atypia. The data also sup- 
port previous findings that suggest that cervical intra- 
epithelial neoplasia and cancers have a more restricted 
set of HPV types than benign cervical lesions and nor- 
mal cervical epithelia.’* A variety of the approximately 
15 types of mucosotropic HPV were found in the sam- 
ples from women with normal cytologic findings and 
reactive atypia. In contrast, women with cervical intra- 
epithelial neoplasia more often were found to be in- 
fected with HPV type 16 and and the type 31 group. 
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Table IV. Subsequent Papanicolaou smears showing neoplasia among 215 women with normal cytologic 
findings at the start of follow-up by enrollment HPV DNA results and history of genital neoplasia 






History of neoplasia* Enrollment HPV DNA result 





No No HPV detected 
HPV detected 
Yes No HPV detected 


HPV detected 


No. of subjects 





Subsequent neoplasia ' 








Mean follow-up (days) 





692.4 a = 2 
791.0 i 0 0 
896.2 7 6 
844.4 3 23+ 








* History includes Papanicolaou smear or cervical biopsy result showing cervical neoplasia; previous cryosurgery, laser surgery, 


cone biopsy, or hysterectomy; or history of genital condylomas. 


+ Relative risk of recurrent neoplasia for women with HPV detected at enrollment compared with women with no HPV detected, 
taking follow-up time into account, is 3.7 (95% confidence interval, 1.0 to 14.6). 


Infection of the same cervical specimen with multiple 
HPV types was infrequent in our study population, 
consistent with earlier results from our laboratory.':? In 
contrast, other investigations have found multiple in- 
fections to be more common.** In addition, HPV type 
18 was not detected in this study, unlike other reports 
that are based on pathologic findings of similar se- 
verity. Therefore the true frequencies of type 18 in- 
fection and of multiple infections are unclear and 
should be the subject of future interlaboratory com- 
parisons, similar to those that have already demon- 
strated interlaboratory variability in the detection and 
typing of HPV DNA in clinical specimens." 

The hormonal factors assessed in our investigation 
appeared to influence HPV test results. Most strikingly, 
current oral contraceptive use was associated both with 
HPV detection and with cervical neoplasia, but the as- 
sociation of oral contraceptive use with neoplasia could 
be explained by the HPV detection data. This finding 
merits further attention because oral contraceptive use 
has been postulated to increase the risk of invasive cer- 
vical cancer.” As an alternative interpretation, oral con- 
traceptive use might represent a proxy for a risk-factor 
that we could not assess in our investigation, such as 
recent sexual activity. 

Current pregnancy also was associated with increased 
HPV detection in our study, whereas HPV detection 
was decreased in women with a history of diethylstil- 
bestrol exposure in utero. These findings could have 
resulted from the inclusion in the study population of 
a large number of women with conditions, such as ab- 
normal Papanicolaou smears or condylomas, that are 
related to HPV detection. The possibility of bias in our 
cross-sectional results emphasizes the need to find less 
selected groups of women for future studies of HPV 
infection, especially if viral prevalence or the deter- 
minants of infection are to be determined. 

The effect of age on HPV prevalence has been stud- 
ied elsewhere with conflicting results."*!’ Consistent 
with another recent study,’* there was no apparent 


trend in HPV detection with age in our data when the 
correlates of age, especially oral contraceptive use, were 
considered. It seems that age cannot be viewed as a 
simple variable but rather must be studied in combi- 
nation with age-related covariates, including contra- 
ceptive method, current pregnancy, and possibly even 
current sexual habits, a topic that was not assessed in 
this investigation. 

The strong association of cervical neoplasia and HPV 
detection persisted after other risk factors for which 
we had data were considered. We believe that the as- 
sociation of cervical neoplasia with HPV detection is: 
real, and that future cross-sectional studies should fo- 
cus on the relationship of HPV infection to other es- 
tablished risk factors for cervical neoplasia, particularly 
aspects of sexual behavior. 

With regard to temporal associations, women in this 
investigation with a medical history of genital neoplasia 
were more likely to have HPV detected than those with- 
out such a history. This observation suggests that in- 
vestigators who attempt to estimate the true prevalence 
of HPV infection among normal women cannot rely 
only on current cytologic or histologic diagnosis but 
rather must consider past medical history. The prev- 
alence of HPV is likely to be lower in the general pop- 
ulation than the estimates reported from clinic-based 
series. It cannot be determined from our data whether 
the finding of HPV in cytologically normal women with 
a history of neoplasia represents latent, persistent in- 
fection in normal epithelium or the failure of the en- 
rollment Papanicolaou smear to detect subtle, ongoing 
foci of disease. The finding of high prevalence of HPV 
infection in vaginal cuff scrapes from women with hys- 
terectomies may suggest that asymptomatic viral car- 
riage in the vagina is relatively common, even in the 
absence of past cervical disease. 

A major purpose of this investigation was to deter- 
mine whether HPV results could predict subsequent 
clinical course in women with normal cytologic findings 
at enrollment. Despite over 2 years of average follow- 
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up, only two women without a history of genital neos.. ~ 
plasia exhibited new disease, and thus we were not able `, ` 
to study the etiologic relationship of HPV. infection to | 
the subsequent development of neoplasia. To-address *.~ 


this key question will require very large. studies with 


prolonged follow-up; at least two such investigations in , 
the United States and Great Britain are currently un-. ` 
derway. Investigators must carefully distinguish be-. 
tween new and recurrent disease because recurrent dis- ` 
ease is likely to be much more common in most clinic- ‘ 
based prospective series. In our data, HPV infection ` 
appeared to predict short-term recurrence, ‘although: ` 


this was based on a small number of. patients. If our 
results with regard to. recurrence are confirmed by 
larger series, HPV testing may have a role in the clinical 


surveillance of women already diagnosed and treated . ` 


for cervical neoplasia. 
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Genetic screening with exfoliated cervicovaginal cells 
collected by a noninvasive lavage technique performed during 


routine gynecologic cancer screening 


Robert D. Burk, MD, and Carol Spitzer, BS, MS 
Bronx, New York 


We have investigated and established the feasibility of the use of exfoliated cervicovaginal cells as an 
abundant source of genetic material. We routinely use this material for the detection by molecular 
hybridization of human papillomavirus infection of the cervix. We have analyzed deoxyribonucleic acid 
isolated from cervicovaginal cells by Southern blot hybridization to detect a-common restriction fragment 
length polymorphism on chromosome 13. We suggest that in the near future most, if not all, major human 
genetic disease loci will be cloned and their mutations will be identified. With this knowledge and 
innovative methods, such as the polymerase chain reaction, it will be possible to distinguish normal 
individuals who harbor’a variety of recessive genetic mutations that may place them at risk to produce 
offspring with serious genetic diseases. We propose that both genetic and cancer screening can be 
performed during the same office visit. Such testing offers the advantage of identification of women at risk 
for genetic disease with a noninvasive procedure before or concurrent with childbearing. Easily accessible 
genetic material extracted from exfoliated cervicovaginal cells can also be used for population genetic 


studies. (AM J OBSTET GYNECOL 1990;162:652-4.) 


Key words: Cervicovaginal cells, molecular hybridization, genetic screening 


Recent advances in: diagnostic techniques and un- 

. derstanding of genetic diseases at the deoxyribonucleic 
acid (DNA) level are ushering in a new era in the prac- 
tice of medicine.' More than 50 genes responsible for 
known hereditary disorders have been cloned and the 
list grows almost daily.' It can be anticipated that within 
the next century known and unknown genetic diseases 
of man caused by mutations within single genes will be 
cloned and sequenced. Given the assumption that each 
individual carries a number of mutant recessive genes,” 
by some estimates to be between four and five, iden- 
tification of heterozygous carriers by direct gene de- 
tection may become a reality in the near future. De- 


tection of heterozygous carriers for specific recessive 


genes in selected samples of populations at risk (i.e., 
Tay-Sachs in the Ashkenazi Jewish population and 
sickle cell in the black population) is part of medical 
practice today. ` 

DNA analysis of specific genes and sequences re- 
quires the isolation of nucleic acid from cellular ma- 
terial. Currently the standard source of genetic material 
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is leukocytes obtained from whole blood. Alternative 
noninvasive methods for the isolation of DNA include 
a recently described mouthwash technique for the col- 
lection of buccal epithelial cells,’ spun urine for the 
collection of epithelial cells,* and shed as well as freshly 
plucked single hairs for the collection of root and sur- 
rounding sheath cells.” The introduction of specific 
methods for the amplification of DNA sequences by the 
polymerase chain reaction has obviated the need for 
large amounts of DNA when the specific sequence of. 
interest is known.° 

We have previously developed a simple, noninvasive, 
and painless method to collect exfoliated cervicovaginal 
cells’ as a source of material for the molecular diagnosis 
of human papillomavirus infection of the cervix. In this 
report we describe the use of exfoliated cervicovaginal 
cells obtained by a lavage technique as a source of ge- 
netic material for the detection of specific genetic al- 
terations by restriction analysis and Southern blot hy- 
bridization. We also introduce the concept that exfo- 
liated cervicovaginal epithelial cells obtained during an 
office evaluation by a noninvasive method before or 
concurrent with childbearing can be used for both 
cervix cancer and genetic disease screening and coun- 
seling. 


Material and methods 

Subjects were recruited from three clinics at the 
Bronx Municipal Hospital Center for a study of the 
prevalence of human papillomavirus infection of the 
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Fig. 1. Detection of two alleles on chromosome 13 by Southern blot hybridization with DNA isolated 
from exfoliated cervicovaginal cells. Genomic DNA was isolated from cervicovaginal cells as de- 
scribed. Five to. 10 pg of DNA from 10 unrelated subjects was digested with HindIII before gel 
electrophoresis and Southern transfer to a Nitran membrane (Schleicher and Schuell). The blot was 
hybridized to a phosphorus 32—labeled probe, p9A7, located at D13S3. This probe produces two 
hybridizing bands that result from a restriction fragment length polymorphism at this locus. The 
two alleles are 3.2 and 0.95 kb, as indicated by the upper and lower arrows in the right margin, 
respectively. Subjects 1, 4, and 8 are homozygous for the 3.2 kb allele; subjects 6 and 10 are 
homozygous for the 0.95 kb allele; and subjects 2, 3, 5, 7, and 9 are heterozygous. The marker lane 
(m) contains radiolabeled lambda HindIII fragments, which are 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, and 0.6 


kb, from top to bottom. 


cervix. Two hundred four women gave written in- 
formed consent and were entered into the study, which 
was approved by the hospital’s institutional review 
board. Forty percent of the subjects were black, 45% 
Hispanic, 11% white, and 4% Asian or American In- 
dian. The mean age was 25 years. A routine Papani- 
colaou smear was obtained, followed by the collection 
of cervicovaginal fluid washings as previously de- 


scribed.’ Briefly, 10 ml of sterile saline solution was | 


sprayed against the cervical os and the exocervix with 
a syringe that had a 2-inch 18-gauge Teflon extension 
catheter. The fluid that pooled in the posterior vaginal 
fornix was aspirated into the syringe and transferred 
to a tube containing 1 ml of 0.5 mol/L ethylenedi- 


aminetetraacetic acid. DNA was isolated from cervi-. 


covaginal cells by standard methods.’ DNA samples iso- 
lated from the exfoliated cervicovaginal cells from 93 
women not containing human papillomavirus DNA 
(Burk R, Spitzer C. Unpublished observations) were 
randomly selected for analysis. For the detection of the 
chromosome 13 restriction fragment length polymor- 
phism, 5 to 10 pg of DNA was digested with HindIII 
and a Southern blot experiment was performed. The 
D13S3 locus probe, p9A7, was provided by Dr. Webster 
K. Cavenee.* This plasmid was amplified by standard 
methods, linearized, and labeled to high specificity ac- 
tivity (>10° dpm/ywg-of DNA) by random primer ex- 
tension.® Hybridization and washing of the filters were 
done under stringent conditions; the filters then were 
exposed for approximately 5 days. 


` Results 


We chose to investigate the frequency in our popu- 
lation of different alleles at a chromosomal locus easily 
detected by restriction fragment length polymorphism. 
Detection of a restriction fragment length polymor- 
phism demonstrates the ability to discriminate between 
two nearly identical DNA sequences that usually differ 
at a single base pair: Fig. 1 shows the autoradiogram 
of a typical experiment. Subjects 1, 4, and 8 were ho- 
mozygous for the 3.2 kb allele; subjects 6 and 10 were 
homozygous for the 0.95 kb allele; and subjects 2, 3, 
5, 7, and 9 were heterozygous for the two alleles. Of 
the total study population, 52 individuals were homo- 
zygous for the 3.2 kb allele; 5 for the 0.95 kb allele; . 
and 36 were heterozygous. The calculated gene fre- 


_quency of the larger allele was 0.75 and 0.25 for the 


smaller allele. 


Comment 

In this report we draw attention to the usefulness of 
exfoliated cervicovaginal cells as a source of genetic 
material. We further demonstrate that the DNA iso- 
lated from these cells is of sufficient quantity and quality 
for use in gene analysis by the current standard method 
of Southern blot hybridization. There are at least three 


methods available for sampling exfoliated cervicovag- 


inal cells; cervicovaginal lavage, scrape or swab, and 
Cytobrush. We have previously compared these meth- 
ods in a prospective study and found that cervicovag- 


‘inal lavage was superior to either scrape or swab or 
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Cytobrush in the quantitative yield of cellular mate- 
rial." The median packed cell volume of exfoliated 
cells obtained by lavage was 80 yl, the mean 136 + 154 
ul (+ SD), and the range was 10 to 600 pl." The average 
yield of DNA is approximately 50 pg/100 pl cell pellet. 
We have used DNA isolated from cervicovaginal cells 
collected by lavage from more than 1000 patients over 
a 5-year period in studies to identify human papillo- 
mavirus infection of the cervix.” '*" It has been our 
experience that the lavage solutions are stable for ex- 
tended periods of time with ethylenediaminetetraacetic 
acid added as the preservative. In addition, we have 
had no problems with bacterial or plasmid contami- 
nation with standard gel isolated probes.’ 

The current recommendation of the American Can- 
cer Society and the American College of Obstetricians 
and Gynecologists is that sexually active women be 
screened for cervix cancer on a yearly basis by the Pa- 
panicolaou test. Because women visit a physician at the 
commencement of their sexual activity for family plan- 
ning or routine gynecologic care when a Papanicolaou 
test is generally performed, we suggest that a cervico- 
vaginal lavage for the collection of exfoliated cervical 
cells could be performed during the same examination. 


This method is painless, noninvasive, and can be ac- 


complished in less than 30 seconds. The genetic ma- 
terial obtained by this method could be used not only 
for genetic screening but the cellular sample can also 
be used for the detection of oncogenic human papil- 
lomavirus sequences. We anticipate that with the pre- 
dictable advances in human genetics and the sequenc- 
ing of the human genome, the gamut of human genes 
responsible for serious morbidity and mortality will be 
identified and their mutations revealed. Although it 
may not be practical with the current state of technology 
to screen women for carriage of every recessive disease 
gene, it should be possible to identify patients belonging 
to specific risk groups and to screen for those mutated 
heterozygous genes that have a prevalence sufficiently 
high to warrant the expense. The economic feasibility 
of such preventive medical genetic screening will be 
further supported by the fact that only women need 
be screened for recessive and X-linked disease genes. 
Those women identified with a recessive mutation 
would be alerted to have their partner screened for 
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similar mutations. This should identify at-risk couples 
who could then benefit from genetic counseling and 
prenatal diagnosis. 

In summary, we describe a simple, noninvasive 
method for the collection of cervicovaginal epithelial 
cells from which DNA can be extracted. Such genetic 
material is suitable for direct or indirect gene screening. 
We suggest that this method be performed at the time 
of cervix cancer screening, thereby offering maximal 
medical resources to the female population. 
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TRI-LEVLEN® 28 Levonorgestrel and ethinyl estradiol 
TRI-LEVLEN® 21 tablets—Triphasic regimen 
BRIEF SUMMARY 


Wi-Levien® 6 brown tablets, each containing 0.050 mg of levonorgestrel {a{-}-13 beta-ethy!-17-aipha-ethiny!-17-beta-hydroxy- 
bed o-oo a totally synthetic progestogen, and 0.030 mg of ethiny! estradio! (19-nor-17e1-pregna-1,3,5(10)-trien-20-yne-3, 17- 
iol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol, 10 light-yeliow tablets, each 
containing 0.125 mg levonorgestre! and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic pres 
Indications and Usage— Tri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use orai contraceptives 
{OCs} as a method of contraception. 
Cantraindicatiens-—OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophiebitis or thromboembolic disorders, 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
developed during the use of OCs or other estrogen-containing products. 













Cigarette smoking increases the risk of seriaus cardiovascular side eltects fram oral contraceptive use. This risk increases with age and 
with heavy smoking (15 or mere ci per day) and is quite marked in women over 35 years of age. Weman whe use oral 
contraceptives should be strengly advised net te smeks. 

The use of oral contraceptives is associated with increased risk of severa! serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCS are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION..An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association, These studies, conducted in the United Kingdom, found. as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardiess of whether the patient was an OC user or 
not, OCs, however, were found to be a clear additional risk factor. in terms of relative nsk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as tikety to have a fatal 
myocardial infarction as nonusers who do not smoke, OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. in determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 
RISK OF DOSE— In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 meg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 meg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES---A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system tor users and nonusers of OCs according to age, 
smoking habits and duration of use, The overall excess death rate annually trom circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—-5/100,000; ages 35-44-—-33/100,000; ages 45-49-—140/100,000) the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not 
possible, however, to examine the interrelationships of age, smoking and duration of use. 
nor to compare the etfects of continuous vs. intermittent use. Although the study showed 
a }0-fold increase in death due to circulatory diseases in users for 5 or more years, ali of 
these deaths occurred in women 35 or older, Until larger numbers of women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g, thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method faifure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hyperchoiesterolemia, obesity, diabetes or 
history of preectamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis. pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug should 
be discontinued immediately. A four-to-six-told increased risk of postsurgery thromboembolic complications has been reported in OC 
users. if feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased risk ot 
thromboembolism or proionged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISOROERS-—-Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. in the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. in the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 
2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papiliedema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestagens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
usal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
adenocarcinoma of the endometrium (¢.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
women who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women ain OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
cancer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. In summary, there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. in all cases of undiagnosed persistent or recurrent abnormal vaginal bieeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules. 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 
4, Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage, This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs. the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 
5, Use in or immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of temale sex 
hormones—- both estrogenic and progestational agents~—during early pregnancy may seriously damage the offspring. It has been 
shows that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be at the order of | in 1,000 
exposures of less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy. such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use ot other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs. in pregnancy. One case-control study has estimated a 4.7-foid 
increase in risk of fimb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. in the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that tripioidy and possibly other types af polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. ft is 
recommended that, for any patient who has missed two consecutive s, pregnancy should be ruled out betore continuing. if the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. if pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks, ft is aiso recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of pragestogen-only or progestogen-estrogen 
combinations to induce withdrawal bieeding should not be used as a test of pregnancy 
6. Gallbladder Disease: Studies report an increased risk of surgically confirmed galibladder disease in users of OCs and estrogens. in 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. in one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Yri- 
Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study The clinical significance of these 
findings remains to be defined. 
B. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. in some women, hypertension 
may occur within a few months of beginning OC use. in the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongty correlated with 
the development of hypertension in OC users, Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs, Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 
3 Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding irregularities: Breakthrough bleeding, spotting and amenorrhea are Frequent reasons fot patients discontinuing OCs. in 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. in 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary, 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea ar 
young women without regular cycles may have a tendency to remain anovulatory or to become amenortheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 
1. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding: OCs given in the postpartum period may intertere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any on the breast-fed child have not been determined. if feasible, the use of OCs should be 
deferred until the infant has been weaned. 
Precautions—GENERAL— |. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than | year 
without another physical examination and PAP smear being pertormed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree, Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and onty with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
tenal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
seceiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which 
may result in a relative pyridoxine deficiency. The clinical significance of this is yet to be 


® determined. 8. Serum folate levels may be epiessed by OC therapy Since the pregnant 

7 woman is predisposed to the development of folate deficiency and the incidence of folate 
deficiency increases with increasing gestation, it is possible that if a woman becomes 

pregnant shortly after stopping OCs, she may have a greater chance of developing folate 


Levonorgestrel and ethinyl estradiol tablets — 
Triphasic regimen 


deficiency and complications attributed to this deficiency. 9. The pathologist should be 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine- 
and liver-function tests and blood components may be affected by estrogen-contatning 
OCs: a. Increased sulfobromophthalein retention, b. Increased prothrombin and factors 
Vil, VIN, IX and X; decreased antithrombin 3; increased norepinephrine-induced platelet 
. aggregahility c. increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay, Free T3 resin uptake 
B decreased, eect the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
metyrapone test. 

tatormation for the Patient—-See Patient Package Labeling 
Drug Interactions —Reduced efficacy and increased incidence ot breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline, 

i is— See “Warnings” section for information on the carcinogenic potential of OCs. 
Kognag- Pregnancy Category X. See “Contraindications” and “Warnings.” 
Nursing — See “Warnings.” 
Adverse Reactions—-An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
paiba disease, benign hepatomas, congenital anomalies. 

e is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuntis. 
The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle, 
Other reactions, as a generai rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow; dysmenorrhea; amenorrhea during and atter 
treatment; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine teiomyomata: rash (allergic); mental depression; 
teduced tolerance to carbohydrates: vaginal candidiasis; change in corneal curvature {steepening); intolerance to contact ienses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted : 
premenstrual-ike syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 
Acute Overdese—Serious if! effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
Desage and Administration — To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethiny! Estradiol 
Tablets-—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (if Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses | or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 
For fuli details on dosage and administration see prescribing information in package insert. 6061-1 5/86 


Reference: 1. Data on file, Berlex Laboratories, Inc. 
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Maternal spermicide use and adverse reproductive outcome: A 


meta-analysis 


Thomas R. Einarson, PhD, Gideon Koren, MD,’* David Mattice, MD, and 


Ofra Schechter-Tsafriri, MSc‘+ 
Toronto, Ontario, Canada 


A meta-analysis was performed to determine whether the literature provides evidence that periconceptual 
or postconceptual maternal use of spermicides is detrimental to the developing fetus. Nine studies that 
investigated teratogenicity met the inclusion criteria. The Mantel-Haenszel summary odds ratio was 1.02 
(95% confidence interval = 0.78 to 1.32). The x? analyses was 0.10 for significance from unity 

(p = 0.748) and 8.73 for homogeneity of effects (p = 0.365). Studies comparing specific abnormalities 
with other abnormalities also indicated no association (odds ratio = 0.96; 95% confidence interval = 0.72 
to 1.28). Studies investigating other adverse events (spontaneous abortion, stillbirth, reduced fetal weight, 
prematurity, or increased incidence of female births) showed similar negative results. Cohen's d, the 
overall effect size as determined by Tukey's jackknife method, was —0.001 (95% confidence 

interval = —0.018 to 0.017). These results indicate that maternal use of spermicides is not associated 
with adverse fetal outcomes. Meta-analysis adds quantitative support for conclusions from traditional 


reviews of the subject. (AM J OssteT GYNECOL 1990;162:655-60.) 


Key words: Teratogenicity, stillbirth, fetal loss, vaginal spermicides, statistical aggregation 


Since the thalidomide tragedy during the 1950s, 
much concern has been directed toward the teratogenic 
potential of drugs and other types of chemical expo- 
sure. It is essential that accurate information of this 
type be available for practitioners and their pregnant 
patients. It is equally important that information re- 
garding the safety of drugs in pregnancy be available. 
Often pregnancy may be terminated because of a de- 
cision that is based on incomplete or inaccurate data. ` 

The literature has contained several reports associ- 
ating spermicides with adverse fetal outcomes. This has 
led to much comment and litigation, particularly in the 
United States. Huggins et al.’ have postulated that three 
possible mechanisms of action could exist if spermicides 
were teratogenic. These mechanisms are as follows: (1) 
the spermicide could be absorbed through the vaginal 
wall before conception and produce damage to the 
ovum, (2) sperm could be damaged, but not inactivated, 
by the spermicide and subsequently could fertilize the 
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ovum, and (3) the spermicide could be absorbed after 


fertilization and produce direct damage to the embryo. 
A fourth possibility suggested by Bracken and Vita? was 
that sperm may transport spermicide to the ovum 
where the spermicide could cause interference with ma- 
ternal genetic material. 

However, conflicting results have been presented in 
the literature. One statistical method for obtaining an 
overall quantitative estimate of the effect of a drug on 
reproduction, especially when conflict exists, is meta- 
analysis.* This technique has been widely used in such 
cases and is gaining increased popularity in the medical 
field. The objective of this study was to quantify the 
relationship between maternal use of spermicides in 
humans and subsequent adverse fetal outcomes using 
meta-analysis. A second objective was to familiarize 
physicians and scientists who deal with reproductive 
toxicity with this new approach to data analysis. 


Protocol for the meta-analysis 


The first adverse outcome investigated was terato- 
genicity. Any study that dealt with the delivery of a live 
infant was considered acceptable for the analysis, but 
notation was made of how the study controlled for vari- 
ables that could have been related to adverse outcomes. 
These variables included maternal age, smoking, al- 
cohol use, drug abuse, socioeconomic status, exposure 
to industrial or commercial teratogens, and use of pre- 
scription or nonprescription drugs. 

Any study that described human vaginal use of a 
nonmercurial spermicide with or without a diaphragm 
was considered acceptable. All pharmaceutical forms 
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Table I. Results from studies investigating the relationship between maternal use of spermicides and 


teratogenic outcomes 









Study type 


Bracken and Vita? Case-control 1.24 
Huggins et al.' Cohort 1.40 
Linn et al.!° Cohort 0.85 
Mills et al." Cohort 1.05 
Mills et al.” Cohort 0.65 
Polednak et al. Case-control, 0.91 
matched pairs 

Rothman"* Case-control 1.34 
Shapiro et al.” Cohort 1.04 
Warburton et al.'® Case-control 0.95 

Overall 1.02 


Table II. Studies rejected from the 
meta-analysis of teratogenicity and reasons 
for rejection 


Reason for rejection | Authors 


Outcome variable Harlap et al.,” Jick et al." 
not teratogenicity Porter et al.,'° Scholl et al.?° 
Strobino et al. 
Dealt with abortus Poland, Strobino et al. 
only 


Compared groups Louik et al., Cordero and 


of malformed in- Layde 
fants 

Exposure not estab- Jick et al., Smith et al. 
lished Porter et al.’ 


Insufficient data 
for analysis (sper- 
micides and in- 
trauterine contra- 
ceptive devices 
combined) 

Animals only 


Vessey et al. 


Abrutyn et al., Buttar, 
Chvapil et al., Long et al., 
Saad et al. 


Preliminary data Heinonen et al.‘ 


only; full report 
published subse- 
quently by Sha- 
piro et al. 


of spermicide were admissible, including foams, jellies, 
and creams. Spermicide use at the time of conception 
must have been determined by the original researchers. 
In addition, spermicide use during the first trimester 
of pregnancy was examined separately. 

Included as fetal abnormalities were any adverse out- 
come as described by Heinonen et al,‘ including 
major or minor malformations, neoplasms, undes- 
cended testes, and chromsomal aberrations. Abnormal 
outcomes must have been diagnosed at birth or within 
1 year of birth. Excluded were cases of stillbirth, spon- 
taneous abortion, termination of pregnancy, animal 
studies, spermicide use in nonpregnant patients, or 
studies in which exposure was not determined. 





95% Confidence limits 








oe 
0.85 1.81 1.05 0.306 
0.48 4.09 0.12 0.728 
0.68 1.06 1.88 0.170 
0.94 1.18 0.59 0.443 
0.35 1.20 1.29 0.207 
0.62 1.33 0.15 0.700 
0.93 1.94 2.07 0.151 
0.72 1.50 0.02 0.901 
0.53 1.69 0.00 0.967 
0.78 1.32 0.10 0.748 


Exposed cases must have been compared with a non- 
exposed control group. All research papers published 
in English between 1960 and 1987 that addressed the 
topic were examined, and both cohort and case-control 
studies were accepted. Excluded were reviews, edito- 
rials, case reports, and studies from which sufficient 
information could not be extracted for analysis. 

Research results were combined by means of the 
method of Mantel and Haenszel.’ The level accepted 
for significance of statistical tests was 0.05. 


Literature search 


The data base of Bibliographic Retrieval Services was 
searched with the key words spermicides, birth defects, 
fetal abnormalities, teratogenicity, malformation, non- 
oxynol, octoxynol, contraceptives, foam, jelly, cream, 
and diaphragm. All references from extracted papers 
were investigated. Standard textbooks that summarized 
teratogenicity, such as those by Schardein,® Shepard,” 
and Briggs et al., were consulted. 


Selection of acceptable studies 


As recommended by Sacks et al.,° potential papers 
were extracted from the literature, photocopied, and 
all identifying marks were removed. A reviewer who 
was not involved in the analysis itself was given only 
the Methods section of each study and the selection 
criteria and was asked to evaluate each paper for in- 
clusion into this analysis. Studies were marked as ac- 
cepted or rejected with reasons for rejection. A second 
reviewer performed an unblinded evaluation while 
being unaware of the results from the blinded reviewer. 
The same papers were selected by both reviewers, with 
one exception. The blinded reviewer had one inclusion 
that did not meet the criteria because that study dealt 
with animals. On discussion that study was excluded, 
thus resulting in complete agreement. 

Table I lists the papers that were accepted by the 
reviewers, There were nine studies that met the inclu- 
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Table III. Results from studies investigating the relationship between maternal use of spermicides at 
various times during pregnancy and E outcomes 


a e [u| ale pete pe 










Authors 


Bracken and Vita? 1.24 0.85 1.81 0.63 1.57 
Huggins et al.' 1.40 0.48 4.09 
Linn et al.” 0.85 0.68 1.06 
Mills et al.” 1.05 0.94 1.18 1.02 0.86 1.20 
Mills et al.!? í 0.76 0.36 1.61 0.65 0.35 1.20 
Polednak et al.” 0.91 0.62 1.33 0.97 0.62 1.53 
Rothman”! 1.34 0.92 1.93 
Shapiro et al." 1.04 0.72 1.50 
Warburton et al.!® 0.95 0.53 1.69 

Overall 1.06 0.86 1.40 0.98 0.74 1.30 0.91 0.66 1.25 





OR, Odds ratio; LL, lower limit of 95% Taylor series confidence interval; UL, upper limit of 95% Taylor series confidence 


interval. 


Table IV. Results from studies comparing specific malformations with other types of malformations in 
fetuses exposed to spermicides 









Authors Study type 


Louik et al. Case-control 
Cordero and Layde Case-control 
Overall 


sion criteria, including five cohort studies and four case- 
control studies. All studies used statistical techniques 
(e.g., multiple regression) to control for possible con- 
founding variables, such as maternal age, smoking, al- 
cohol use, drug abuse, and socioeconomic status. 
Table IT presents those studies that were rejected and 
the reasons for rejection. Three studies were rejected 
because they failed to demonstrate that subjects were 
actually exposed to spermicides. The study by Jick 
et al. caused substantial concern after publication be- 
cause its odds ratio was 2.26 (95% confidence interval, 
1.27 to 4.01). However, those authors did not establish 
exposure to spermicides at conception but deter- 
mined the prescription of spermicides approximately 
9 months before delivery. Consequently that study did 
not meet our inclusion criteria. The study by Porter 
et al.” found no malformations in similarly identified 
“exposed” infants. Exposure could not be discerned 
from the study by Smith et al. because the authors were 
vague in their description of how exposure was deter- 
mined. The studies by Louik et al. and Cordero and 
Layde ‘were excluded from the analysis because the 
authors did not compare malformed infants with nor- 
mal infants, but compared a group that had specified 
malformations with a group with other malformations. 
Thus independent variables differed from those of the 
inclusion criteria. Poland and Strobino et al. did not 
investigate live births but compared abortuses for ab- 





95% Confidence limits 


Upper 






. Odds ratio 


1.24 0.85 1.18 
0.95 0.44 3.32 
1.02 0.64 1.62 


normalities; consequently those studies were also ex- 
cluded from the primary analysis. 

Sacks et al.’ suggested that the support given to the 
research group by an interested body could be a source 
of bias. In this series of papers on spermicides, however, 
only one had any mention of support from the phar- 
maceutical industry. The report by Shapiro et al.” was 
partially funded by a pharmaceutical company, but it 
also had federal government support. All of the re- 
maining studies were supported by government or 
foundation grants, contracts, or both. Therefore there 
was considered to be little chance of bias because of 
source of support. 


Combinability of data 


Sacks et al.° recommended that tests be performed 
to ensure combinability of data across studies. Lack of 
homogeneity could suggest systematic bias that could 
influence results. Breslow and Day suggested calcula- 
tion of x? for each 2 x 2 table analyzed and for ho- 
mogeneity of odds ratios. Table I presents individual 
x’ values, none of which was significant. Homogeneity 
of effects was investigated with the formula presented 
by Breslow and Day, x? was 8.74 (df = 8, p = 0.565), 


thus showing that the odds ratios were not significantly 


heterogeneous. 
L’Abbe et al. suggested that values be plotted on a 
graph to examine linearity. As can be seen in Fig. 1, 
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Risk In Controls 
Fig. 1. Homogeneity of results from studies that examined 


the relationship between maternal spermicide use and tera- 
togenicity. 


Table V. Results from studies comparing 
malformations in aborted fetuses exposed and 
not exposed to spermicides 


95% Confidence 
_ limits 







Authors 


Poland 1.04 0.29 3.78 
Strobino et al. 1.03 - 0.81 1.31 
Overall 1.03 0.46 2.33 


the data from this analysis may be appropriately, rep- 
resented by a straight | line that has the equation 
Y = —0.004 + 1.107X (F = 386.16; df= 1, 7; p< 
0.001, 7? = 0.982). Thus, from these two tests, it was 
considered that studies in this analysis could be rea- 
sonably combined. 


Statistical analysis 

The Mantel-Haenszel’ summary odds ratio was 1.02 
with a 95% confidence interval from 0.78 to 1.32. Be- 
cause the interval contained unity, the evidence appears 
to be against a relationship between maternal use of 
spermicides and subsequent fetal abnormality. The cor- 
responding Mantel-Haenszel* x? for significance of 
summary odds ratio was 0.10 (df = 1, p = 0.748). 

To examine the power of these findings, Cohen’s d 
was calculated as a measure of effect for each study 


and was then averaged. The average overall effect size. 


was 0.0085, which would be considered very small. 
When weighted according to sample size, the overall 
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Table VI. Summary of studies reporting the 
relationship between maternal spermicide use 
and adverse fetal events other 

than malformations 








Limits of 95% 
confidence 
interval 









Authors 





Outcome 





Fetal loss Harlap et al.” 1.00 0.82 1.23 
Huggins et al? 1.03 0.64 1.65 
Mills et al.” 1.01 0.87 1.27 
Scholl et al.” 0.80 0.40 1.59 
Overall 1.00 0.77 1.30 
Stillbirth Huggins et al.’ 0.48 0.10 2.41 
Birth weight Mills et al.” 0.85 0.70 = 1.03 
Polednak et al.” NA* NA* NA* 
Preterm Mills et al.” 0.90 0.79 1.02 
Sex ratio Mills et al.” 0.97 0.90 1.05 


Polednak et al.” 1.29 0.95 1.76 





NA, Not available. 


*Results were reported as weight means; exposed newborn 
infants were larger (3393.0 + 437.22 gm) than control infants 
(3348.6 + 505.70 gm), ¿= —1.25, df = 923, p = 0.212; 
therefore the odds ratio is less than unity. 


average d was — 0.0013. According to Orwin’s formula, 
it would take 6 studies (averaging 10,415 subjects), each 
with an effect size of 0.5, or 18 studies with effect sizes 
of 0.3, to raise this value to 0.2, which Cohen would 
describe as “small.” To achieve an effect size of 0.5 with 
a total of 10,000 subjects (assuming 5000 in each group) 
would require an odds ratio of approximately 9.2 if the 
malformation rate was 2% in control subjects (the usual 
rate in normal subjects). A malformation rate of 10% 
(as found here) would require an odds ratio of 3.7. 
None of the acceptable published studies achieved such 
a high ratio. Therefore one can be reasonably certain 
that the results of this analysis are robust. 


Subgroup analysis 

Five of the studies in this analysis were cohort studies 
and four were case control studies. The overall odds 
ratio for cohort studies was 0.99 (95% confidence in- 
terval = 0.80 to 1.23) and 1.12 (95% confidence inter- 
val = 0.74 to 1.69) for case-control studies. The dis- 
tribution of odds ratios was not significantly different 
for the two study types (Mann-Whitney U = 12, p = 
0.624). 

Some studies identified exposure to spermicides as 
periconceptual, during the first trimester (after the last 
menstrual period), or any time during pregnancy. 
Table III presents results according to time of expo- 
sure. All summary odds ratios were very close to unity, 
which was included in all of the 95% confidence in- 
tervals. 


Volume 162 
Number 3 


Meta-analysis: Fetal effects of spermicides 659 


Table VII. Net adverse impact of spermicides on pregnancy when different adverse outcomes are 


combined using Tukey’s jackknife method 


Bracken and Vita? Malformation 1.24 0.031 0.020 
Harlap et al.” Fetal loss 1.00 0.001 0.004 
Huggins et al.' Malformation 1.40 0.030 

Fetal loss 1.03 0.001 | 

Stillbirth 0.48 — 0.048 — 0.016 
Linn et al.” Malformation 0.85 — 0.025 — 0.010 
Mills et al." Malformation 1.05 0.012 0.010 
Mills et al.” Malformation 0.65 — 0.020 

Fetal'loss 1.01 0.001 

Female sex ratio 0.97 —0.011 

Preterm birth 0.90 — 0.025 

Birth weight 0.85 — 0.026 — 0.071 
Polednak et al.” Malformation 0.91 — 0.020 

Female sex ratio 1.29 0.099 

Birth weight NA —0.082 — 0.002 
Rothman" Malformation 1.34 0.071 0.041 
Scholl et al.” Fetal loss 0.80 — 0.054 

Female sex ratio 1.62 0.216 0.007 
Shapiro et al. Malformation 1.04 0.001 0.004 
Warburton et al.'® Malformation 0.95 — 0.003 0.002 

Overall (average) —0.001* 


*95% Confidence interval = — 0.018 to 0.017. 


Other teratogenicity evidence 


Meta-analysis is a method of quantifying the litera- 
ture on a given topic within the confines of the estab- 


lished criteria. Other evidence must not be ignored in, 


formation of an overall opinion. Two studies compared 
specific malformations with other types of malforma- 
tions in newborns exposed to spermicides. Table IV 
summarizes the results of those studies that show that 
spermicide use was not associated with proposed spe- 
cific malformations. 

Another type of investigation compared malforma- 
tions in aborted fetuses exposed and not exposed to 
spermicides. Table V summarizes results that indicate 
lack of support for the existence of a significant rela- 
tionship. 


Other adverse outcomes 


Several authors examined the relationship of sper- 
micide use and adverse events other than malforma- 
tions. These outcomes included fetal loss, stillbirth, low 
birth weight, preterm delivery, and high female sex 
ratio (Table VI). As in all other analyses, the 95% con- 
fidence intervals contained unity. 

Because several-outcomes were measured, it was con- 
sidered appropriate to combine the data to quantify the 
overall relationship between spermicide exposure and 
adverse outcomes. Glass presented an example that 
used Tukey’s jackknife method; that method adjusts 
for multiple related outcomes from studies and deter- 
mines an overall effect size. 





First, results must be convered to Cohen’s d. Data 
from 2 x 2 tables may be easily converted with the 
formula: d = [4X°/(N — X®)].'? This formula is de- 
rived by combining formulas from Cohen (pp. 23 
and 223), Similarly, the results of a ¢ test can be con- 
verted with the formula presented by Rosenthal: d = 
2t/(df).\” 

Table VII summarizes the effect sizes from all studies 
that meet the inclusion criteria that reported the ad- 
verse impact of spermicides on pregnancy. When com; 
bined with Tukey’s jackknife method, the overal effect 
size was — 0.001 (95% confidence interval = —0.018 
to 0.017). The evidence again confirms lack of rela- 
tionship between spermicides and adverse reproductive 
effects. 


Comment 


Because the spontaneous rates of adverse reproduc- 
tive effects are very low, most studies that attempt to 
establish a relationship between a potential teratogen 
and outcome fail to recruit enough cases to reach an 
adequate level of statistical power. Physicians and sci- 
entists who try to determine whether a drug or chemical 
is a potential human teratogen must often decide which 
of the studies that present opposing results is more 
credible. 
` Meta-analysis allows combination of data from dif- 
ferent studies, thus achieving appropriate statistical 
power that may not be present in any of the single 
studies. The main criticism against the method is that 
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“good” studies may be combined with “bad” studies 
with each receiving equal weight. However, when per- 
formed appropriately the problem dissipates. The pro- 
cess of using a blinded reviewer who must include or 
exclude studies according to preset criteria should ad- 
dress such methodologic issues. 

For example, the controversial study by Jick et al. 
that prompted multimillion dollar legal suits against the 
spermicide manufacturer was excluded from this anal- 
ysis because exposure to the drug at the time of con- 
ception was not proved. Those authors used a com- 
puter to identify cases of malformed infants and linked 
them to mothers for whom spermicides had been pre- 
scribed during the 600 days before delivery or abortion. 
One of the authors of that study later declared that 
many of the mothers of malformed children had dis- 
continued spermicide use long before conception. For 
the same reason, another of the authors stated that “In 
retrospect, I believe our article should never have been 
published.” 

In the litigious atmosphere that surrounds health 
care today, it is crucial to develop and crystallize sci- 
entific tools powerful enough to disqualify the devas- 
tating effects of invalid cases presented to a jury. Clas- 
sically, the studies presented by the plaintiff (generally 
parents of a malformed child) must stand against con- 
flicting studies by the defendant (generally a pharma- 
ceutical manufacturer, a physician, or both). Lawyers, 
judges, or physicians cannot be expected to be able to 
evaluate single studies in isolation from the statistical 
context of all available evidence. Meta-analysis is the 
only approach that combines such data and derives an 
overall estimate of risk. 

The MotheRisk Program in Toronto is an informa- 
tion and consultation service for women exposed to 
drugs, ¢hemicals, radiation, and infections during 
pregnancy and lactation. Because the program deals 
with 40 cases per day, it is essential that accurate esti- 
mates of reproductive risk be determined for hundreds 
of xenobiotics. Because more than half of the patients 


who seek consultation have already been exposed to - 


the drug in question before pregnancy is confirmed, 
the advi¢e “not to be used in pregnancy” is irrelevant. 
Rather, such patients need to know whether their ex- 
posure involves increased reproductive risk. Such in- 
formation is essential to decide whether to continue or 
terminate the pregnancy. 

The use of meta-analysis to combine data appears to 
be an important approach to assessment of available 
studies. Beyond the inherent advantages of meta- 
analysis, it forces the reviewer to closely evaluate the 
methodology and results from each study to determine 
acceptability for inclusion. The value of the use 
of blinded reviewers is self-evident. 
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The meta-analysis in this study has shown that ma- 
ternal use of spermicides is not associated with fetal 
malformations or any other reported abnormal fetal 
outcomes. It is hoped that these results, on the basis of 
all available studies, will help stop the flood of unnec- 
essary and unfounded litigations. Furthermore, it is 
hoped that this approach will become the standard for . 
evaluation of reproductive outcome after exposure to 
drugs, chemicals, radiation, or infections in pregnancy. 
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Birth weight discordancy in male-first and female-first pairs of 


unlike-sexed twins 


Isaac Blickstein, MD, and Ariel Weissman, MD 
Rehovot, Israel 


We studied 153 consecutive twin pairs of unlike sex. Comparison of 71 male-female pairs with 82 
female-male pairs showed similar mean twin birth weight and rate of discordance. However, males were 
significantly heavier (p < 0.04) compared with females in the male-first but not in the female-first 
combination. The rate of female discordance was significantly higher compared with male discordance in 
both fetal sex combinations. It is concluded that females of unlike-sexed pairs are at greater risk to be 
growth discordant. Fetal sex, therefore, should be included as one of several factors that produce 


divergent twin growth. (AM J Osster GYNECOL 1990;162:661-3.) 


Key words: Twins, sex, birth weight, discordancy 


There seems to be unanimous agreement that boys 
weigh more than girls at any given gestational age.' This 
consensus originates from the large series by Brenner 
et al.’ and Hoffman et al.* that showed a male versus 
female birth weight difference, especially after 36 
weeks’ gestation. Deviations from the median birth 
weight calculated for a given gestational age were found 
in both studies, suggesting that fetal sex must be in- 
cluded among the factors: influencing intrauterine 
growth. A similar influence of fetal sex on birth weight 
was found also in twins.** In that case, birth weight 
discordancy observed in twin gestations may theoreti- 
cally be also influenced by different fetal sex. This study 
evaluates this particular relationship between birth 
weight parameters and fetal sex in twins. 


Patients and methods 


The study group comprised 153 consecutive live- 
born twin pairs of unlike sex (32.5% of our twin pop- 
ulation, January 1980 through July 1989). This group 
was selected as manifest dizygotes, which may serve as 
an appropriate model of the relationship between in- 
trauterine growth and fetal sex. The degree of discor- 
dancy was defined as the intertwin birth weight differ- 
ence expressed as a percentage, with the larger twin as 
100%. The cutoff value for discordancy was set at 15%,’ 
with intertwin differences of less than 15% considered 
concordant. Pairs were designated as discordant-first 
or discordant-second when the smaller twin was the first 
or second in birth order, respectively. The study group 


From the Department of Obstetrics and Gynecology, Kaplan Hospital 
(affiliated with the Hadassa-Hebrew University School of Medicine, 
Jerusalem). 

Received for publication August 23, 1989; accepted October 11, 
1989. 

Reprint requests: Isaac Blickstein, MD, Department of Obstetrics and 
Gynecology, Kaplan Hospital, 76-100, Rehovot, Israel. 

611117369 i 


was divided into male-first (n = 71, 46.4% of study 
group) and female-first (n = 82, 53.6% of study group) 
‘combinations. The mean birth weight of male or female 
twins in each combination was compared with that of 
their cotwins (intragroup comparison to opposite sex) 
and to that of twins of the same sex in the other birth 
order (intergroup comparison). The mean twin birth 
weight ([twin A + twin B]/2) was also compared be- 
tween the two combinations of fetal sex. 

The data were processed by the Epistat statistical 
package. Fisher’s exact test and Student’s £ test were 
applied to examine categoric and continuous variables, 
respectively; values of p < 0.05 were considered statis- 


tically significant. 


Results 


Both groups were of similar mean maternal age and 
parity and mean gestational age and comprised similar 
presentation combinations. The comparison of the 
birth weight parameters between male-first and female- 
first twin pairs is shown in Table I. Male twins were 
heavier than their female cotwins but the difference 
reached statistical significance in the male-first combi- 
nation only (p < 0.04). Two thirds of both combina- 
tions had male-female birth weight differences less than 
15% (concordance). There was no intergroup differ- 
ence between the rate of female discordance and male 
discordance. However, when compared with male dis- 
cordant twins, significantly more female discordants 
were found in both the male-female (p < 0.0003) and 
female-male (p < 0.0009) combinations. There was no 
significant difference in the comparison of the mean 
degree of discordancy between first- and second-born 
female discordants and male discordants. 


Comment 
Current understanding of twin growth provides two 


basic mechanisms for discordant birth weight: unequal 
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Table I. Comparison of birth weights and rate of discordance between male-first and female-first twins of 


unlike sex* 











Birth weight (gm) 


Male 2522 + 676t 

Female 2277 + 6677 

Mean twin 2399 + 636 
Concordant pairs 47 (66.2%) 
Discordant first 2 (2.8%) 
Discordant second 22 (31.0%) 





NS, Not significant. ` 


Male-female pairs (n = 71) 





Female-male pairs (n = 82) 






2473 + 625 NS 
2368 + 606 NS 
2413 + 596 NS 
56 (68.3%) NS 
18 (21.9%) ` <0.0003 
8 (9.8%) <0.0009 


*Continuous data are presented as mean + SD. Categoric data are shown as number and percent. 


tp = 0.04. 


sharing of the intrauterine environment and the twin- 
to-twin transfusion syndrome. It is speculated that the 
two fetuses start from early pregnancy a continuous 
struggle for limited intrauterine space and energy. 
Eventually one twin may have a slower growth pattern 
that results in significant intertwin birth weight differ- 
ence. Dizygous twins who are genetically different but 
share the same environment may be an appropriate 
model for the evaluation of divergent twin growth be- 
cause these twins seldom share a mutual circulation and 
therefore are not apt to be growth discordant because 
of the twin-to-twin transfusion syndrome.®* Among the 
remaining causes for divergent twin growth the role of 
discordant sex has not yet been elucidated. 

The male superiority in terms of birth weight has 
been previously evaluated. Guttmacher and Kohl’ stud- 
ied 446 pairs of mixed-sex twins and showed that the 
weight of these pairs is not strictly intermediate but 
much nearer the male-male combination (rather than 
the female-female one). They suggested that dizygosity 
has a favorable positive -influence on the birth weight 
of twins and “no doubt that maleness increases the birth 
weight of twins.” Corney et al. studied 356 pairs and 
found that the combined birth weight of unlike-sexed 
twins (n = 112) was significantly higher compared with 
pairs of like sex, that males of unlike-sexed pairs were 
significantly heavier than their female cotwins and also 
heavier than males of like-sexed twins. Corey et al.* 
measured birth weights of 94 pairs of unlike-sex com- 
pared with 102 like-sexed twins. Overall, males were 
found to be significantly heavier than females, but these 
differences were not significant when compared within 
zygosity categories. They suggested that maleness or 
the presence of a male cotwin (in unlike-sexed pairs) 
“stimulates increased growth in the male or his female 
co-twin compared to like-sexed female pairs.” 

Our study focused on discordancy parameters. The 
results suggest that females of unlike-sexed twin 
pairs have a significantly increased, birth order— 
independent, risk of being growth discordant. How- 


ever, this difference is reflected in significant birth 
weight difference between males and females in male- 
first (female-second) pairs only, as would be expected 
from being discordant second twins.’ Corey et al.® pro- 
posed three possible explanations for the sex effect on 
birth weight. (1) The presence of the Y chromosome 
and associated hormonal maleness in some way induces 
accelerated growth of the male fetus compared with 
the Y-less female. Because only one third of the pairs 
was discordant, it seems unlikely that such a factor is 
not manifest in the remainder two thirds (concordant 
cases). (2) The presence of H-Y antigen indirectly stim- 
ulates overall development and in part may explain the 
birth weight differences. (3) Hormones produced by a 
male twin manage to enter the maternal circulation and 
have the ability to stimulate a more optimal environ- 
ment than is provided in their absence. In our view, if 
the last possibility is true, females are not relatively 
growth retarded (discordant) but the males are growth 
promoted. This is rather odd in light of the overwhelm- 
ing data that suggest an actual disadvantage for the 
discordant twin.” ë 

Because neither of the suggestions by Corey et al.° 
has been proved, it may be concluded that the female 
sex is an important cause of as yet unknown explanation 
for intertwin birth weight disparity. It seems that when 
the “natal factors”® (e.g., uterine crowding, unequal 
‘sharing of the placental mass, maternal smoking, major 
anomalies, and breech presentation") are of low inten- 
sity, fetal sex has little role in production of growth 
discordancy. However, if these factors are of greater 
impact, the female twin is more likely to be affected, 
as evidenced by the significant intragroup birth weight 
difference in the female-second combination. 
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Fetal cytomegalovirus infection: A case report 


Richard L. Meisel, MD,* Manuel Alvarez, MD," Lauren Lynch, MD," Usha Chitkara, MD, 


David J. Emanuel, MD,° and Richard L, Berkowitz, MD* 


New York, New York 


Congenital cytomegalovirus infection is the most common perinatal infection. We describe a case of 
primary maternal cytomegalovirus infection during pregnancy and the prenatal diagnosis of fetal 


cytomegalovirus infection. Diagnosis was accomplished with percutaneous umbilical blood sampling. The 
fetal blood was evaluated with viral cultures, cytomegalovirus serologic testing, and nonspecific indicators 
of infection. Amniotic fluid was also cultured. All cultures were positive, which confirmed fetal infection. The 


pregnancy was terminated. Autopsy findings were consistent with fetal infection. The significance and 
utility of prenatal diagnosis are discussed. (Am J OastetT GynecoL 1990;162:663-4.) 


Key words: Prenatal diagnosis, cytomegalovirus, pregnancy, fetal infection 


Cytomegalovirus is the most common perinatal in- 
fection with the majority of infected infants having a 
silent course without any obvious clinical problem at 
birth. However, 5% to 10% will have severe deficits, 
that include microcephaly and severe retardation.’ Un- 
fortunately, there is very little long-term follow-up in- 


` _ formation on the remaining infants, but some will de- 


velop adverse neurologic sequelae, including deafness 
and mild cognitive impairment. Thirty to fifty percent 
of women of childbearing age in the United States are 
susceptible to cytomegalovirus infection and approxi- 
mately 1.4% to 2.2% will undergo seroconversion dur- 
ing pregnancy. 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics, Gynecology and Reproductive Science, Mount Sinai Med- 


ical Center,” and the Department of Pediatrics, Memorial Sloan - 


Kettering Cancer Center.’ 

Received for publication August 28, 1989; revised October 2, 1989; 
accepted October 11, 1989. 

Reprint requests: Richard L. Meisel, MD, Department. of Obstetrics, 
Gynecology and Reproductive Sctence, Mount Sinai Medical Cen- 
ter, One Gustave L. Levy Place, New York, NY 10029. 

6/1/17368 


Case report 


A 27-year-old, white woman, gravida 1, para 0, at 11 
weeks’ gestation was admitted to the hospital with a 3- 
week history of fever, fatigue, and malaise. An ex- 
pressive aphasia had developed during the day before 
admission. The physical examination showed an obese 
white woman with a temperature of 100.4 F, a mild 
expressive aphasia, and an 11-week gestation. Her eval- 
uation is summarized in Table I. The patient was dis- 
charged from the hospital 5 days after admission, after 
resolution of the symptoms, with the diagnosis of atyp- 
ical migraine and primary cytomegalovirus infection. 

The patient was referred to our center for further 


"evaluation (Table J). A diagnostic percutaneous um- 


bilical blood sampling was offered, and the couple, 
planning to terminate the pregnancy if fetal infection 
was present, elected to proceed with the percutaneous 
umbilical blood sampling. The percutaneous umbilical 
blood sampling was performed uneventfully at 21 
weeks’ gestation and results were available within 5 days 
(Table I). Three days later, the pregnancy was termi- 
nated and an autopsy revealed a grossly normal male 
fetus with histologic evidence of nonspecific acute in- 
fection (white blood cell infiltrates in the hung and liver). 
There were rare inclusion cells, and immunofluores- 
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Table I. Clinical summary 


Normal 
Test Result value* 


Maternal evaluation 


White blood cell count 13,500 4,000-10,000 - 
(No./ml) 
Lactate dehydrogenaset 280 94-172 
(IU/L) ` : 
y-Glutamic pyruvic trans- 240 8-69 
aminase (IU/L) 
Serum glutamic oxaloacetic 117 12-45 
transaminase (IU/L) 
Serum-glutamic pyruvic 172 7-40 
transaminasef (IU/L) ; 
Immunoglobulin M for cy- Positive 
tomegalovirust 
Immunoglobulin G for cy- Negative 
tomegalovirus 
Computerized tomo- Normal 
graphic scan 
Convalescent serologic 
testing : 
Immunoglobulin M for cy- Borderline 
tomegalovirus 
Immunoglobulin G for cy- Positive 
tomegalovirus 
Fetal evaluation 
Ultrasonogram Normal 
Echocardiogram Normal 
Fetal blood f 
White blood cells (No./ml) 3,500 . 4,200 
Neutrophils (%) 2 5.5 
Lymphocytesł (%) 60 81 
Monocytest (%) 15 1.5 
Eosinophils (%) 5 1 
Platelets (No./ml) 258,000 254,000 
Red blood cells (No./ml) 3,180,00 2,890,00 
Hemoglobin (gm/dl) 13 12.2 
Hematocrit (%) 40 37.8 
Lactate dehydrogenase 202 261 
(IU/ml), 
‘y-Glutamic pyruvic trans- 60 24.4 


aminase} (IU/ml) 
Immunoglobulin M for cy- Negative 
tomegalovirus (IU/ml) 
Fetal cytomegalovirus cul- 
tures 
Fetal blood} 
Amniotic fluidt 


Positive 
Positive 

*Normal values for fetal blood (from Daffos F, Forestier F. 
Medicine et biologie du foetus humain. Paris: Maloine, 1988). 


Abnormal result. 
Varies >2 SD from normal. 


cence tissue studies were positive for cytomegalovirus 
in the fetal kidney, brain, liver, lung, adrenal, and pla- 
centa. j 


Comment 


In this case the fetal blood was both cultured and 
evaluated for nonspecific evidence of infection. The 
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latter assays were performed to look for other evidence 
of infection if the cultures were negative. These non- 
specific indicators have been shown to be reliable pre- 


` dictors of fetal toxoplasmosis infection. Detection of 


specific fetal immunoglobulin M is unequivocal evi- 
dence of infection but may not have been seen because 
the immature fetal immune system has a variable re- 
sponse to infectious agents in.the midtrimester. Positive 
cultures clearly documented fetal infection, and ab- 
normalities in the differential cell count and ‘y-glutamic 
pyruvic transaminase are consistent with fetal disease. 

The hallmark of this severe neonatal infection is cy- 
tomegalic inclusion disease. The autopsy result in this 
case was suggestive of early or mild cytomegalic inclu- 
sion disease. The findings of white blood cell infiltrates 
were consistent with acute infection. Immunoflorescent 
antibodies to viral proteins proved disseminated fetal 
infection, but it is unknown whether this would have 
evolved into the severe debilitating disease state.’ Since 
a significant number of the infected neonates are born 
without clinical signs of cytomegalovirus infection, it is 
certainly possible that this fetus could have been born 
without obvious sequelae from its infection. The sig- 
nificance of documenting fetal infection in the presence 
of normal ultrasonograms is unclear. 

Advances in laboratory methods and technologies 
have improved the accuracy of cytomegalovirus diag- 
nosis, and percutaneous umbilical blood sampling has 
provided a method for obtaining more specific infor- 
mation about the fetus in a timely fashion. Although 
this has allowed us to inform a patient that her fetus 
has been infected, in the absence of abnormalities de- 
tected on ultrasonography one is currently unable to 
predict whether the fetus will be adversely affected. In 
the absence of demonstrable evidence of infection, it 
may not be justified to assume that the fetus would be 
born uninfected since the virus could enter the fetal 
circulation after the fetus has been tested. Further work 
will delineate the prognostic significance and clinical 


utility of the prenatal detection of fetal cytomegalovirus 


infection. 
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Pregnancy outcome and fetomaternal hemorrhage after 


noncatastrophic trauma 


Thomas M. Goodwin, MD, and Michael T. Breen, MD 


Phoenix, Arizona 


Two hundred five consecutive cases of noncatastrophic trauma occurring during the second half of 
pregnancy were evaluated prospectively. Pregnancy complications as a result of trauma occurred in 18 of 
205 patients (8.8%): premature labor (n = 10), placental separation {n = 5), fetal injury (n = 1), and fetal 
death (n = 2). Multiple regression analysis of the data base showed obstetric findings (contractions, 
uterine tenderness, and bleeding) on presentation to be highly associated with complications (17/88; 
19.3%). In their absence complications were rare (1/117; 0.9%). Detectable fetomaternal hemorrhage was 
significantly more common in trauma patients (18/205) than in control subjects (2/110) {p < 0.01), but its 
role in managing trauma patients was limited to detection of rare massive hemorrhage (1/205) and 
detection of rare hemorrhage exceeding that covered by the standard Rho (D) immune globulin dose 
(2/205). Fetomaternal hemorrhage need not be quantitated in patients who lack obstetric findings on 
presentation. Despite rare reports of delayed abruptio placentae, it is doubtful that prolonged observation 
(greater than 2 to 3 hours) in the hospital is necessary in patients who lack obstetric findings on initial 


presentation. (AM J OssteT GYNECOL 1990;162:665-71.) 


Key words: Pregnancy, fetomaternal hemorrhage, trauma 


Noncatastrophic trauma in pregnancy (i.e., that in 
which the life of the mother is not threatened) is a com- 
mon problem in obstetric practice. In contrast to cata- 
strophic trauma, however, it has rarely been studied on 
a large scale. There is confusion about which patients 
deserve prolonged observation and what details of the 
data base are helpful in anticipation of pregnancy- 
related morbidity. In particular, quantitation of feto- 
maternal hemorrhage has recently been promoted as 
helpful in evaluation of noncatastrophic trauma in 
pregnancy.' This study was undertaken with two goals 
in mind: (1) to describe the course of pregnancy and 
outcome in a large number of noncatastrophic trauma 
cases and (2) to assess the usefulness of quantitation of 
fetomaternal hemorrhage in such cases. 


Material and methods 


The study included all pregnant women at >18 
weeks’ gestation who came to the hospital with a com- 
plaint of recent trauma during a 21-month period from 
January 1987 to September 1988. Patients who expe- 
rienced major or “catastrophic” injuries according to 
the classification of Rothenberger et al.? were excluded 
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from the study.* No study patient required admission 
for other than obstetric reasons. Each patient was eval- 
uated according to a standard protocol that included 


(1) a detailed history of the accident mechanism and a 


complete physical examination; (2) a minimum of 30 
minutes of continuous fetal heart rate monitoring; 
(3) a minimum of 30 minutes of external tokodyna- 
mometry; (4) ultrasonographic localization of placenta; 
(5) a peripheral blood sample for blood type, Rh, and 
Kleihauer-Betke stain (all positive Kleihauer-Betke 
stains were repeated within 24 to 48 hours); (6) follow- 
up through delivery. 

Each patient was categorized into one of four groups 
on the basis of physical findings at initial presentation 
(Table 1). 

The Klethauer-Betke stain was prepared by the Klei- 
hauer technique with minor modification.’ A control 
sample of a known mixture of fetal and adult cells was 
run with each specimen. Five thousand maternal cells 
were scanned and if any fetal cells were identified, the 
number was quantified to a limit of one fetal cell per 
2000 maternal cells. This limit was chosen because it is 
within the capability of most clinical laboratories and 
clinically significant fetomaternal hemorrhage exclu- 
sive of that resulting in allommune sensitization should 
exceed this amount. Each stain was reviewed by the 
same technician with experience in viewing >2000 such 


*These included shock on admission, skull fracture, intra- 
cerebral hemorrhage, spinal cord injury, chest injury neces- 
sitating thoracotomy or thoracostomy, visceral injuries neces- 
sitating laparotomy, and pelvic fracture. 
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Table I. Trauma patients grouped by findings 
at initial presentation 


Initial findings ` 


Group I No obstetric findings; no other 

` significant findings 

Obstetric findings: Either con- 
tractions (3 in 20 minutes), 
uterine tenderness, or vagi- 
nal bleeding) 

Obstetric findings plus other 
signs of significant trauma: 
Deep laceration; long bone 
or facial fracture, extensive 
soft tissue injury; urinary, 
chest, or head injury not re- 
quiring primary intervention 

_ by surgeon 

Same as group 3 but no ob- 
stetric findings 





Group 2 


Group 3 


Group 4 





slides. All cases with incompletely stained hemoglobin 
F cells were subjected to hemoglobin electrophoresis to 
rule out hemoglobinopathy or hereditary persistence 
of hemoglobin F. Five such false-positive Kleihauer- 
Betke stains were found during the study period. 

The amount of hemorrhage is expressed most pre- 
cisely as the number of fetal cells per maternal cells 
observed (e.g., 0.1% = one fetal cell per 1000 maternal 
cells). The volume of hemorrhage can be estimated by 
the following formula: 


Stained cells 
Unstained cells 
Fetomaternal hemorrhage in whole blood (ml) 


x Maternal blood volume = 


A maternal blood volume of 5 L is commonly as- 
sumed in laboratory formulas so that one fetal cell per 
1000 maternal cells corresponds to a hemorrhage of 
5 ml. 

Pregnancy outcome was compared with a control 
population of 1387 gravid women who were seen dur- 
ing the study period with singleton gestations matched 


for age, parity, and lack of major anomalies in their ` 


infants. Fetomaternal hemorrhage in the trauma pop- 
ulation was compared with 110 control subjects 
matched for gestational age who had not experienced 
trauma. Data were analyzed with a standard statistical 
software package by means of x? and multiple regres- 
sion analyses. 


Results 


Two hundred thirty-eight gravid women were seen 
after noncatastrophic trauma in the study period. Com- 
plete follow-up was available for 205 cases (201 single- 
ton and four twin gestations). The age of the patients 
ranged from 14 to 40 years (mean, 22 years). Mean 
parity was 1.4. Fifty-one percent of the patients were 
seen within 6 hours of the trauma and 85% within <24 
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Table II. Pregnancy-related complications in 
trauma patients 


Complications No. of cases 


Apparently related to trauma 





Fetal death noted after 2 
trauma, cause unknown 

Placental separation 5 

Preterm labor necessitating in- . 10 
travenous tocolysis 

Fetal mandibular fracture 1 
in utero 

Kell sensitization* lI 

TOTAL 18 


Not apparently related to trauma 
Remote fetal death 1 
Remote abruptio placentae 2 
Remote preterm labor necessi- 

tating Intravenous tocolysis 

With eventual preterm birth 

With eventual term birth . 
TOTAL 


CO} A 





*Also included under preterm labor with eventual term 
birth. 


hours. The patients were grouped according to initial 
findings (Table I) as follows: group 1, 101 patients; 
group 2, 83 patients; group 3, five patients; group 4, 
16 patients. The various types of trauma (motor vehicle 
accident, assault, fall, and other) occurred with equal 
frequency from 18 to 40 weeks’ gestation except for 
falls, which increased near term. 

Of the 205 patients, 26 (12.7%) experienced preg- 
nancy complications, both immediate and delayed, and 
18 (8.8%) had demonstrable fetomaternal hemorrhage. 
Eight of the 26 pregnancy complications were not 
related to trauma. In the other 18 pregnancies, the 
trauma precipitated a variety of problems: premature 
labor (n = 10), separation of the placenta (n = 5), 
fetal injury (n = 1) and fetal death (n = 2) (Table II). 
In 13 of these 18 cases, obstetric findings (contrac- 
tions, tenderness, or bleeding) were confirmed at pre- 
sentation within 2 hours of trauma. Another four pa- 
tients were seen 6 to 14 hours after trauma but re- 
ported that contractions or bleeding began shortly 
after the traumatic event. All cases of pregnancy 
complications as a result of trauma are summarized in 
Table III. 

The 10 patients with premature labor all responded 
initially to tocolysis. However, half had a recurrence of 
labor and were delivered of their infants prematurely, 
2 to 4 weeks after the trauma. Three of the five women 
with premature separation of the placenta were deliv- 
ered of their infants within 10 hours of trauma. The 
other two patients bled intermittently for 2 and 7 weeks 
and then were delivered prematurely at 35 and 25 
weeks’ gestation, respectively. 

In two cases, trauma was followed within 24 hours 
by death of two of the three fetuses (one twin survived). 
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Trauma 


| 


Table II. Pregnancy ee after norieatastrohic trauma 


25 


Pregnancy and trauma 





Kicked in abdomen `“ 2 -3T 0 - _ IV tocolysis x 4 days, 
Son i : delivered at 35 wk, 
' : 2098 gm 

Motor vehicle acci- 2. 31 “0 IV tocolysis x 48 hr, 
dent, struck in ab- ad C . delivered at 34 wk, 
domen _ ; arat : 2041 gm 

Kicked in abdomen. . 2 ` 31 0- IV tocolysis x 5 days, 

; : , delivered at 34 wk, 

N gi aeS ' D 1899 gm 
Fell on abdomen 2 . . 28 0 IV tocolysis x 1 wk, 
: ; 7 : delivered at 30 wk, 

: . A g 1480 gm 

Knocked over by mo- 2 : 33. 0° IV tocolysis x 48 hr, 
torcycle s $ delivered at 35 wk, 

29 36 i 2353 gm 

Fall without abdomi-  - -2 29 0 IV tocolysis x 4 days, 
nal trauma on ; . , term delivery 

Fall without-abdomi- 1f - 30 0 IV tocolysis X 5 days, 
nal trauma - e term delivery (con- 

ar tractions began at 
Be hy ; Wats ; _ 24 hr after trauma) 
Kicked-in abdomen -` “2 33 0 Abruptio placentae 4 
A i = hr after trauma, 
vaginal delivery, 
. 2211 gm 
Punched in abdomen 2i. 28' 0 Abruptio placentae 6 
- io ; hrs after trauma, 
F vaginal delivery, 
. ay 1180 gm 
Fell on abdomen 2 33 0 Persistent vaginal 
; bleeding, delivery at 
: : , eae EN 35 wk, 2381 gm 

Abdomen struck with 2 18 . 0 Persistent vaginal 

hose - Ea bleeding, delivered 
at 25 wk, 680 gm, 
ae : NND . 

Motor vehicle acci- 2 28 > 0 Death noted 24 hr af- 
dent, struck i i ter trauma, no 
abdomen abruptio placentae 

i ; os noted 

Motor vehicle acci- ce 28 - . 0.05-0.38 Variable decelerations; 
dent, struck ` E jaw fracture noted 
abdomen E at birth, at 36 wk 

Fell on abdomen -. 2 33 0.4-0.7 IV tocolysis x 4 days, 

f ; term delivery, Kell 
a5 a À $ sensitization 
` Motor vehicle acci- ` 2 <. 38 2.3 Spontaneous decelera- 
dent, struck i : tions, occult abrup- 
abdomen tio placentae, deliv- 
ery 10 hr after 
trauma; fetal ane- 
mia (hemato- 
: . R crit = 32%) 
Kicked in abdomen . ara 0.1 Twin A death noted 


18 hr after trauma, 
twin B delivered at 


. 29 wk, 1420 gm, no 


abruptio placentae 
noted twin A 





EGA, Estimated gestational age; NV, intravenous; NND, neonatal death.” 

` *As defined in Table I. -< 
FMH, Fetomaternal hemorrhage expressed as percentage of fetal cells to maternal cells. 
Contractions began at 24 hours after trauma and 18 hours after discharge from our unit. 
§Increasing hemorrhage noted on repeat stain. 
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Table IV. Comparison of pregnancy-related morbidity in study and contro] populations 





Morbidity 


Birth weight <2500 gm 
Stillbirth >350 gm 
Placental separation 


Study group 


17/162 (10.5%) 
3/201 (1.5%)t 
4/201 (2.05)+ 


Control group x” 
103/1387 (7.4%) NS 
9/1387 (0.6%) NS 
16/1387 (1.2%) NS 








*1 df. 


{Four twin gestations excluded. 


Table V. Incidence of pregnancy complications and fetomaternal hemorrhage compared with 


patient variables 











Complications 


Fetomaternal hemorrhage 








EGA (wk) 
18-25 1/35 
25-30 8/48 
30-36 8/81 
36 1/41 
Trauma 
Motor vehicle accident 4/56 
Fall 6/87 
Assault 7/41 
. Other | 1/21 
Direct abdominal trauma 
Yes 15/125 
No 3/80 
„Initial physical findings* 

1 1/101 
9 17/83 
3 0/5 
4 0/16 

Placental location} 
Anterior/lateral 15/127 
(n = 127) 
Posterior (n = 55) 3/55 


2.9 3/35 : 8.6 
16.7 4/48 8.3 
9.9 7/81 8.6 
2.4 4/41 9.8 
7.1 . 10/56 17.9 
6.9 5/87 5.7 
17.1 9/4} 4.9 

. 4.8 1/21 4.8 
12.0 12/175 6.9 
3.8 6/80 7.5 
0.9 4/101 4.0 
2] 10/83 12.0 
0 2/5 40.0 

0 2/16 12.5 
11.9 14/127 11.0 





EGA, Estimated gestational age. 
*As described in Table 1. 
7182 patients studied for placental location. 


There was no evidence of abruptio placentae in the 
singleton pregnancy and autopsy was refused. In the 
twin gestation, the dead twin was retained in utero 1 
month, making a search for causative factors in the 
demise difficult. A healing mandibular fracture was 
identified in a newborn infant 2 months after a motor 
vehicle accident with fetomaternal hemorrhage. Table 
IV compares the study population with control subjects 
for low birth weight, placental separation, and stillbirth. 
Each occurred with greater frequency in the study pop- 
ulation but statistical significance was not achieved. 
Patients with a history of direct abdominal trauma 
were significantly more likely to experience pregnancy 
complications (15/125) than those without this history 
(3/80, p < 0.05, Table V). The three patients who had 
complications after trauma that did not involve the ab- 
domen directly had transient preterm labor and even- 
tually were delivered at term. Thus no patient who 





5.5 2/55 3.6 


lacked a history of direct abdominal trauma had an 
abnormal pregnancy outcome. 

Complications caused by trauma were more common 
after assault (7/41, 17.1%) than after motor vehicle 
accidents (4/56, 7.1%) or falls (6/87, 6.9%) (Table V). 
In addition, these complications were generally more 
severe than for the other mechanisms of injury (see 
Table III). In 36 of 41 cases, the assault was a result of 
domestic discord. With regard to motor vehicle acci- 
dents, a plan to compare restrained and unrestrained 
gravid women was frustrated since 52 of 56 victims were 
unrestrained. 

The frequency of complications after trauma was low 
from 18 to 25 weeks (2.9%) and again after 36 weeks’ ` 
gestation (2.4%) (Table V). Labor that began with 
trauma near term (two cases at 39 weeks’ gestation) was 
not included as a complication. 

A highly significant difference in the incidence of 
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Table VI. Fetomaternal hemorrhage after noncatastrophic trauma . | a: 












` Fetomaternal’ ` ` 


hemorrhaget. . Outcome 





Gestational age 


(wk) 7 ' 

36 3. 0.1 (5 ml) . MVA, no abdominal Normal 

‘trauma 3 

35 l ` 0.2-0. 3t (10-15 ml) Fell on abdomen Normal 

36 2 0.05 (2.5 ml) MVA, struck abdomen Normal 

26 4 0.1 6 ml) - MVA, no abdominal Normal 

. trauma 

33 1 0.05 (2.5.ml) Domestic assault Normal 

21 2 0.1 (5m) . MVA, struck abdomen Normal 

23- 2 0.05 (2.5 ml) MVA, struck abdomen Normal 

34 4 0.05 (2.5 ml) ‘ MVA, no abdominal Mor 

Pa trauma ! 

40 - 2 0.05 (2.5 ml) . Fell on ionen . Normal 

39 t 0.1 (5 ml) Fall, no abdomirial Normal 

Se ; *" trauma ; 

18 l 0.05 (2.5 ml) MVA, no abdominal ~ Normal 

. ” trauma f 

40 52 0.05 (2.5 ml) Fell on abdomen - Normal 

31 3 0.1 (5 ml) MVA, struck abdomen Normal 

29 2 . 0.05 (2.5 ml) Fell on abdomen Normal. 

Morbidity i ` 

. 27 2 - 0.05-0.3 e. 5-15 ml) ` MVA, struck abdomen See Table Il 
33 2 0.4-0.7-(20-35 ml) . . Fell on abdomen See Table II 
38 - 2 2.3 (115 ml) .. MVA, struck abdomen See Table II 
25 2 0.1 (5 ml) ‘Kicked in abdomen See Table II 





MVA, Motor vehicle accident. . 
*As described in Table I. 


oi 
| 


t 


tExpressed as % fetal cells in maternal circulation (volume calculated ey method of Kleihauer). 


Increasing hemorrhage noted on repeat stain. 


complications was noted between patients with obstetric 
findings at presentation (17/88, 19.3%) and those with- 
out (1/117, 0.9%; p < 0.0001; Table V). Vaginal bleed- 
ing occurred in 20 patients, seven of whom had com-. 
plications after trauma. Four of these seven had heavy ` 
or persistent bleeding; three had transient spotting as- 
sociated with premature labor. Sixteen of 58 patients 
with contractions after trauma and eight of 45 with 
uterine tenderness experienced complications. One pa- 
tient who lacked obstetric findings at initial examination 
was hospitalized 18 hours later for premature labor at 
30 weeks. She was eventually delivered at term. 

Fetomaternal hemorrhage was significantly more 
common in the study group (18/205) than among con- 
trol subjects (2/110; p < 0.05). Four of these 18 patients 
had concomitant complications caused by trauma: In 
only one case did ‘the magnitude of the hemorrhage ` 
itself contribute to the morbidity. In three of 18 cases 
an increased number of fetal cells was detected 24 hours _ 
after the initial Kleihauer-Betke stain. Each of the cases 
associated with fetomaternal hemorrhage is summa- 
rized in Table VI. 

Fetomaternal hemorrhage after trauma Shieh 
with equal frequency at each gestational age (Table II). 
Such hemorrhage was more common after a motor - 
vehicle accient than other forms of trauma (Table V). 


Patients with a history of direct abdominal trauma had 


‘ detectable fetomaternal hemorrhage with similar fre- 
-quency (15/125) as those whose trauma spared the ab- 
. domen (6/80). All of the hemorrhages greater than 


0.1%, however, were found in patients who had sus- 
tained direct abdomirial trauma. Patients who had 
physical evidence of trauma at presentation (groups II, 
III, and IV) were more likely to have concomitant fe- 


. tomaternal hemorrhage (14/104) than those who 


lacked these findings (4/101; p< 0.05). The largest 
hemorrhage among group I patients was 0.3% or 15 
ml. Interestingly, none of the 20 patients with vaginal 
bleeding or spotting had demonstrable fetomaternal 
hemorrhage. 

No ultrasonographic abnormalities of the placenta 
were. seen in the study population. Placental location 
was not helpful in anticipating fetomaternal -hemor- 
rhage or complications (Table V). . 


Comment 

In this study population the course of pregnancy was 
adversely affected by noncatastrophic trauma. This 
finding is supported by a clear temporal relationship 
in each case of morbidity and by prior reports of similar 
effects after noncatastrophic trauma (abruptio placen- 


tae,** fetal death without abruptio placentae,** preterm 
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labor and delivery,” **? direct fetal injury,*° and mas- 
sive fetomaternal hemorrhage’). Comparison with a 
control population suggested an increase in low birth 
weight, abruptio placentae, and stillbirth, but statistical 
significance was not achieved (Table IV). 

These findings are not in agreement with the con- 
clusions of Fort and Harlin,’ who found no significant 
effect of noncatastrophic trauma on pregnancy. Their 
study was based on questionnaire data, thereby select- 
ing out less serious trauma and making it less useful to 
the clinician. The difficulty lies in distinguishing those 
patients who are at risk for pregnancy-related morbid- 
ity and therefore deserve prolonged observation. The 
most important part of the data base is the presence of 
any obstetric findings (either vaginal bleeding, uterine 
tenderness, or contractions). In patients who lack these 
findings, the pregnancy is rarely affected. Conversely, 
among patients with these findings, there is a strong 
association (20%) of adverse effect on the pregnancy. 
This hold true regardless of the mechanism of injury. 

A review of the literature shows that of the numerous 
reports of morbidity after relatively minor trauma, ob- 
stetric findings were present in virtually all cases de- 
scribed in sufficient detail.? +7 '° 116 The only excep- 
tions are several cases of isolated fetal exsanguination 
that will be discussed below. 

Victims of domestic violence during pregnancy de- 
serve special attention. Not only is this underrecognized 
problem a harbinger of child abuse, but our data sug- 
gest that the incidence and severity of morbidity may 
be greater for this type of trauma. This may be a result 
in some cases of repeated attacks. Several investigators 
report an increase in domestic violence in pregnancy.” 
This history should be sought in all patients in whom 
the mechanism of injury is obscure. 

The role of quantitation of fetomaternal hemorrhage 
in the management of trauma patients has not been 
established. The Kleihauer-Betke stain and its many 
modifications are notoriously unreliable in the average 
laboratory.'* Because a high standard of quality control 
and considerable observer experience are required, the 
test should be performed in a laboratory with particular 
interest in this study. 

It should also be remembered that the amount of 
fetomaternal hemorrhage sufficient to sensitize certain 
Rh-negative mothers (0.1 ml or one fetal cell in 50,000 
maternal cells)'® is far below the detection limit of the 
clinical laboratory. All trauma patients, even those with 
minimal or no findings, must be considered at risk for 
this degree of fetomaternal hemorrhage. 

The incidence of fetomaternal hemorrhage after 
trauma is unknown. After catastrophic trauma, massive 
fetomaternal hemorrhage is well attested and quan- 
titation should be sought. There are several case reports 
of massive fetomaternal hemorrhage after relatively 
minor trauma!*" and, in one recent series, fetomater- 
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nal hemorrhage of greater than 0.1% (5 ml) was found 
to occur in nine of 32 patients after noncatastrophic 
trauma.’ Perhaps as a result of such reports, the prac- 
tice of quantitating fetomaternal hemorrhage after 
trauma is becoming more frequent. In Phoenix, for 
example, 85% of all requests for this test at the major 
reference laboratory are for trauma in pregnancy 
(almost 30 requests per month). Whereas our own 
‘data do confirm a significant relationship between non- 
catastrophic trauma and fetomaternal hemorrhage de- 
tectable at 0.05% (p < 0.01), the majority of hemor- 
rhages are small and appear to have little independent 
predictive value for pregnancy complications. 

Should fetomaternal hemorrhage be quantitated in 
all pregnant trauma patients, no matter how trivial the 
traumatic event and the findings on presentation? As 
mentioned previously, fetal exsanguination is the only 
pregnancy complication occurring after trauma that is 
consistently reported to occur in the absence of ob- 
stetric findings at initial presentation. Ranaer et al.'° 
reported two cases of massive fetomaternal hemor- 
rhage and fetal death (one fall and one motor vehicle 
accident) in patients with no uterine tenderness, con- 
tractions, or external bleeding. Carper and O'Donnell’? 
reported massive fetomaternal hemorrhage and neo- 
natal anemia, probably related to trivial trauma. Both 
Stuart et al. and Peyser and Toaff! reported cases 
of placental laceration and massive fetal bleeding after 
a motor vehicle accident. The hemorrhage was thought 
to be largely intraamniotic in one case, but fetomaternal 
hemorrhage was not quantitated. Neither patient had 
any obstetric findings on presentation. 

The problem with such reports is that, by their na- 
ture, the denominator is unknown. Our data suggest 
that large hemorrhages (>30 ml) are rare after trauma 
(2/205) and very rare if the patient lacks obstetric find- 
ings (none in our study). Fetomaternal hemorrhage 
greater than 30 ml was found in only 1 of 220 trauma 
patients at the Arizona Blood Services reference lab- 
oratory in 1988 (personal communication). For this rea- 
son, we consider group | patients analogous to those 
who undergo uncomplicated external version in which 
fetomaternal hemorrhage sufficient to sensitize to the 
D antigen occurs regularly (6% to 14%).” Massive hem- 
orrhage, however, is exceedingly rare, and therefore 
quantitation of fetomaternal hemorrhage is considered 
unnecessary in these patients. Furthermore, should the 
rare massive hemorrhage occur, there is good reason 
to think it will be manifested by changes in the fetal 
heart ‘rate as it was in our report (Table II). 

We have adopted the following guidelines for eval- 
uation and management of noncatastrophic trauma 
cases. 

1. Two points are emphasized in the history: direct 

trauma to the abdomen and evidence of domestic 
violence. 
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2. All patients receive a minimum of 30 minutes of 
continuous fetal heart rate monitoring and exter- 
nal tocodynamometry and Rh status is deter- 
mined. Full-dose Rho (D) immune globulin is 
given to all Rh-negative mothers. (It should not 
be withheld because a Kleihauer-Betke test has 
not been obtained or is called negative at an ar- 
bitrary level.) 

3. Only gravid women who have obstetric findings 
(contractions, bleeding, or uterine tenderness) re- 
ceive prolonged observation (24 hours). 

4. Fetomaternal hemorrhage is quantitated in all pa- 
tients with physical evidence of trauma on pre- 
sentation (groups II, III, and IV) for the purpose 
of detecting rare, massive hemorrhage, or hem- 
orrhage in excess of the amount covered by the 
standard Rho (D) immune globulin for the Rh- 
negative mothers (0.6%, 30 ml). All positive 
Kleihauer-Betke stains are repeated within 24 
hours to detect chronic, increasing hemorrhage. 
(Apart from these specific, uncommon occur- 
rences, quantitation of fetomaternal hemorrhage 
does not seem to contribute to the management 
of gravid women after noncatastrophic trauma.) 

5. All obstetric clinic patients are specifically re- 
minded of the value of seat belts and shoulder 
harnesses during pregnancy. 


We thank Dr. John V, Kelly and Dr. Carol Kreinik 


for their assistance in this work. 
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Maternal serum Down syndrome screening: Unconjugated 


estriol is not useful 


James N. Macri, PhD,* Ramana V. Kasturi, BE, MS,* David A. Krantz, BS, 
` Edward J. Cook, PhD, Shiraz G. Sunderji, MD,” and John W. Larsen, MD" 


Carle Place and Syracuse, New York, and Washington, D.C. 


Study of 41 known Down syndrome cases and 441 matched controls did not confirm earlier reports that 
low unconjugated estriol levels can be used to detect fetal Down syndrome. Hence the obstetric 
community should exercise caution in using unconjugated estriol levels as a marker in prenatal Down 


syndrome screening. (AM J OssteT GynecoL 1990;162:672-3.) 


Key words: Down syndrome, screening, unconjugated estriol 


Low levels of maternal serum unconjugated estriol 
in the second trimester recently have been reported to 
be a marker for fetal Down syndrome.'? Inasmuch as 
low maternal serum a-fetoprotein has proved to be 
effective in identifying approximately 20% of fetal 
Down syndrome,’ additional markers that would in- 
crease detection efficiency would be welcome. We un- 
dertook to replicate the procedure used in published 
reports on unconjugated estriol levels and applied it to 
a set of 441 controls and 41 known Down syndrome 
affected cases. 


Material and methods 


Unconjugated estriol was measured with a radioim- 
munoassay (Amerelex estriol radioimmunoassay kit, 
Amersham Inc., Arlington Heights, IIl.). The assay was 
modified in the manner described by Canick et al.! We 
initially studied 24 known cases of Down syndrome and 
441 matched controls (an average of 18 controls for 
each case of Down syndrome). Each Down syndrome 
case was matched for gestational age (within | week), 
maternal age (+3 years), and freezer time (within 1 
month). The controls were selected from white, non- 
diabetic, singleton pregnancies. Further, to test the ef- 
fectiveness of the marker applied without matched con- 
trols, we measured 17 additional known Down syn- 
drome cases. Results were expressed in terms of 
multiples of the unaffected, regressed, gestational- 
week-specific median. 
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Table I. Median levels of serum unconjugated 
estriol in 441 controls 













Observed 
medians 


Regressed 


Weeks’ medians 





gestation (ng/ml) (ng/ml) 
14 22 1.085 1.05 
15 110 1.175 1.22 
16 223 1.470 1.43 
17 57 1.630 1.67 
18 29 1.900 . 1.95 
Results 


The observed and the regressed median maternal 
serum unconjugated estriol levels for gestational weeks 
14 through 18 are shown in Table I. The unconjugated 
estriol levels, expressed as multiples of the median for 
each of the 24 known Down syndrome cases are shown 
in Table II. The median value was 0.99 for controls 
and 0.96 for the 24 known Down syndrome cases. The 
median level of affected cases was not significantly 
lower than that of the unaffected cases (p = 0.20). 

Unconjugated estriol levels for 17 additional known 
Down syndrome cases, expressed as multiples of the 
median, are shown in Table III. The median value for 
these 17 cases was 1.06, higher than the unaffected 
median. The combined set of 41 known Down syn- 
drome cases had a median value of 0.99, the same as 
the median of the 441 controls. 


Comment 


The concentration of unconjugated estriol found in 
our controls and the changes in estriol as gestational 
age increased from 14 to 18 weeks are similar to results 
reported by Wald et al.? However, our data did not show 
a significant difference in maternal serum unconju- 
gated estriol levels between Down syndrome cases and 
controls. Indeed, in the set of 17 unmatched Down 
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Table If. Levels of maternal serum ; 
unconjugated estriol in 24 matched trisomy 
21 cases 


1 15 "0.22 
2 18 0.39 
3 15 0.45 
4 15 . 0.53 
5 16 0.65 
6 16 <. 0.76 
7 16 0.78 | 
8 16 0.87 
9 18 0.89 
10° 17 0.92 
11 i5 0.94 
12 , 16 0.95 
13 17 0.97 
14 me i 0.98 
15 16° 0.99 
16 16 1.03 
17 14 . 1.05 
18 15 1.15 
19 I5 1.18 
20 en: © L29 
21.: 16 1.35 
22 16 1.43. 
23o. 16 2.59 
2A l 16 4.27 


MOM, Multiple of the unaffectd gestational-week-specific 
median. 


“syndrome cases, the median value was higher, not 
lower, than the median value of the controls. Hence we 
find no basis to support the hypothesis that low un- 
conjugated estriol levels can be used to detect fetal 
Down syndrome. > . i 


Additional factors such as diurnal variation* and | 


smoking’ have been reported to influence maternal se- 
rum unconjugated estriol levels. While smoking was a 
controlled variable in one previous study,’ diurnal 
variation was not a controlled variable in previous 


studies’? or the present study. The complexity of con- `, 


trolling for these factors in a screening program further 


es 
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Table III. Levels of maternal serum 
unconjugated estriol in 17 unmatched trisomy 
21 cases | í 





No. , Weeks’ gestation MOM 


Ks 14 0.50 
2 16 0.59 
3 16 0.76 
4 15 0.80 
5 16 0.87 
6 15 0.96 
7 18 1.00 
8 17 1.04 
9 15 : 1.06 
10 18 1.68 
18 1.10 
12 14 1.18 

-13 16 1.18 
14 18 1.30 
15 16° 1.33 
16 16 1.38 
17. -15 : 1.43 





MOM, Multiple of the unaffected gestational-week-specific 


median. 


limits the utility of maternal serum unconjugated estriol 
level as a marker for fetal Down syndrome. 

In conclusion, we recommend against using uncon- 
jugated estriol levels as a marker for prenatal Down 
syndrome screening. 
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Very high CA 125 levels during early first trimester in three 


cases of spontaneous abortion with chromosomal abnormalities 


Jerome H. Check, MD, Kosrow Nowroozi, MD,** Milind Vaze, MD, 


Ronald Wapner, MD, and Linda Seefried, MA 
Camden, New Jersey, and Philadelphia, Pennsylvania 


Three women with very elevated, early-first-trimester CA 125 levels spontaneously aborted but not until 
later in the first trimester or early in the second trimester. All three products of conception showed 
chromosomal abnormalities. Further investigation is warranted to see if high CA 125 levels might be 
predictive of abnormal karyotypes. (Am J Osstet GYNECOL 1990;162:674-5.) 


Key words: CA 125, abortion, fetal viability, chromosomal abnormalities 


The CA 125 level, which normally should be <65 
U/ml, may be increased during the first trimester of 
pregnancy, possibly averaging 85 U/ml.'? 

Herein are presented three cases with very high 
early-first-trimester CA 125 levels, in which all three 
pregnancies ended with spontaneous abortions after 
fetal viability was shown. Chromosome abnormalities 
were found in all three abortuses. The CA 125 levels 
were >2000 U/ml in two of these cases, which we be- 
lieve to be the highest levels ever recorded in pregnant 
women without ovarian tumors. All three patients had 
fetal viability by pelvic sonography, but fetal death oc- 
curred toward the end of the first trimester or early in 
the second trimester. Chromosome analysis of the 
products of conception revealed abnormalities in all 
cases. 


Case reports 


Three women were seen with elevated CA 125 levels 
obtained 18 to 23 days after conception. All three 
showed fetal viability at 9, 9.5, and 8.5 weeks. 

The CA 125 levels were 2110 U/ml at 23 days after 
conception in case 1, 2180 U/ml at 18 days after con- 
ception in case 2, and 360 U/ml at 22 days after con- 
ception in case 3. All three cases showed fetal viability, 
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but cases 1 and 2 had small-for-dates sac sizes and 
crown-rump lengths. When ultrasonography was re- 
peated 2 weeks later, fetal death was ascertained. In 
case 3 fetal death occurred at 14 weeks, and ultraso- 
nography demonstrated a cystic hygroma. Chromo- 
some analysis for the products of conception revealed 
trisomy 12 and 13 in case 1, 45,X in case 2, and trisomy 
21 in case 3. 

_ Incase 2 conception occurred with the aid of in vitro 
fertilization and embryo transfer. In cases 2 and 3 
laparoscopy was negative for endometriosis. In case I 
there were no symptoms or signs of endometriosis but 
laparoscopy was not performed. 


Comment 


We recently presented data at a meeting of the Amer- 
ican College of Obstetricians and Gynecologists (At- 
lanta, Georgia, May 22-25, 1989) that women with early 
first-trimester CA 125 levels 2150 U/ml had a much 
higher spontaneous abortion rate (5 of 8) than women 
whose CA 125 levels were <150 U/ml (4 of 92). Inter- 
estingly, 4 of 5 patients with high CA 125 levels aborted 
after fetal viability was shown. Case 3, with abortion at 
14 weeks, was not included in this series so that actually 
6 of 8 (75%) aborted. 

In all three cases treatment with ovulation-inducing 
drugs had been given. However, we do not think this 
explains the high CA 125 levels since we also presented 
data at the Sixth World Congress on In Vitro Fertiliza- 
tion and Assisted Reproduction (Jerusalem, 1989) that 
patients with patent tubes undergoing in vitro fertil- 
ization with four embryos replaced do not show ele- 
vated CA 125 levels when compared with non—in vitro 
fertilization pregnancies. 

The only three abortuses from mothers with high 
CA 125 levels that we evaluated had chromosomal an- 
euploidy. However, all three were different. 
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Hopefully; these case reports will generate interest 
in the performance of prospective studies to determine 
whether a high early-first-trimester CA 125 level is 
predictive of a possible increased risk of chromo- 
somal abnormalities and increased risk of spontaneous 
abortion. 


High CA 125 may predict chromosome abnormalities 
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Sonographic findings in the prenatal diagnosis of 


bladder exstrophy 


Richard Jaffe, MD, Alex Schoenfeld, MD,” and Jardena Ovadia, MD* 


Tel Aviv, Israel 


A case of bladder exstrophy diagnosed in utero by ultrasonography is reported, and the specific 
sonographic features of this anomaly are presented. Early predelivery diagnosis led to prompt surgical 
intervention after birth with good neonatal outcome. (Am J OBSTET GYNECOL 1990;162:675-8.) 


Key words: Bladder exstrophy, prenatal diagnosis, ultrasonography 
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Routine sonographic evaluation of the fetus by 
means of high-resoloution real-time equipment has led 
to the prenatal detection of many rare congenital anom- 
alies in otherwise normal pregnancies. 


The prenatal evaluation of the fetal urinary tract has 
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Fig. 1. Sonographic scan through caudal aspect of fetus, revealing fetal scrotum and protruding 


Mass. 
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Fig. 2. Sonographic scan through caudal aspect of fetus, with solid mass extending anteriorly between 


lower limbs. 


been extensively reviewed with the emphasis on normal 
and abnormal development of the kidneys. Congenital 
malformation of the bladder is rare and seldom de- 
tected in utero. 

One case of bladder exstrophy detected in utero by 
ultrasonography was previously reported.’ We report 
a second prenatally diagnosed case of bladder exstro- 
phy, focusing on the sonographic findings that should 
lead the sonographer to the detection of this rare 
anomaly. 


Case report 

A 32-year-old woman, gravida 9, para 8, was referred 
at 30 weeks’ gestation for sonographic evaluation of 
fetal growth. Her previous pregnancies and deliveries 
had been uncomplicated. An earlier sonogram at 17 
weeks was unremarkable, with no abnormalities noted. 
At the time of the present examination, both the fetal 
biometry and the amount of amniotic fluid were nor- 
mal. Further examination revealed a semisolid mass, 
measuring 5.2 x 4.3 cm protruding from the lower 
abdominal wall adjacent to and just above the scrotum 
(Figs. 1 and 2), The mass was well defined and con- 
tained no fluid-filled areas. The scrotum appeared nor- 
mal, but the penis could not be visualized. Repeated 
examinations on the same day failed to detect a fetal 
bladder, as did intravenously administered diuretics to 
the mother. A longitudinal scan (Fig. 3, A and B) con- 
firmed the presence of the protruding mass and 
showed the low but intact cord insertion, thus estab- 
lishing the diagnosis of bladder exstrophy. The fetal 
kidneys appeared. normal and no other abnormalities 
were detected. 

The patient had repeated sonograms every 2 weeks, 


but the mass did not grow, nor was there any deteri- 
oration of the upper urinary tract components. The 
patient began spontaneous labor at 40 weeks’ gestation 
and was delivered of a male infant, weighing 3250 gm 
with a large bladder exstrophy and epispadias (Fig. 4). 
One day after birth, surgery was performed with re- 
construction of the bladder and closure of the abdom- 
inal wall. A catheter was left to empty the bladder, since 
reconstruction of the epispadiac urethra and penile re- 
pair were deferred until a later time, The postoperative 
recovery was uneventful, and the infant was discharged 
3 weeks later. 


Comment 

Exstrophy of the bladder is a rare anomaly and oc- 
curs in | of 30,000 deliveries, with a male/female ratio 
of 2.3:1.2 This anomaly is probably sporadic, although 
some familial cases have been reported and the risk of 
having an affected offspring is 500 times greater if one 
of the parents has bladder exstrophy than in the gen- 
eral population. During early embryonic life, two lat- 
eral mesodermal ridges fuse in the midline to form the 
genital tubercle at the time when the cloacal membrane 
retracts downward toward the perineum. If this re- 
traction does not occur, the mesodermal ridges fail to 
fuse and the cloacal membrane becomes the anterior 
wall of the bladder. By the ninth week, the cloacal mem- 
brane disappears, thus exposing the posterior bladder 
wall and creating bladder exstrophy. If the cloacal 
membrane disappears before the cloaca is divided by 
the ureterorectal septum, then both bladder. and rec- 

tum are exposed, causing cloacal exstrophy. 
“In bladder exstrophy there is interference primarily 
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Fig, 3. Longitudinal scans demonstrating fetal scrotum with exstrophied bladder (A) and normal 


low-set umbilical cord insertion (B). 


with the development of the bladder and external gen- 
italia. The bladder bulges outward with the size of the 
everted bladder ranging from a small area of the tri- 
gone to complete eversion of the posterior wall of the 


organ. Other common findings are the separation of 


the pubic bones, a low-set umbilicus, incomplete de- 
scent of the testes, a short penis with epispadias in 
males, and a cleft clitoris in females. Other anomalies 
are found in the urinary tract, internal genital organs, 
and skeletal system but are more frequent in cloacal 
exstrophy, 

One previous sonographic diagnosis of this anomaly 


has been reported.' The differential diagnosis includes 
cloacal exstrophy, omphalocele, and gastroschisis. It is 
important to realize that in bladder exstrophy the pro- 
truding mass does not contain any cystic areas, as it 
does not contain the urine that is excreted directly from 
the ureters into the amniotic fuid. In addition; the 
kidneys and ureters are usually normal, as is the 
amount of amniotic fluid. If a normal bladder cannot 
be visualized and an anterior mass is. found, itisme 
portant to carefully scrutinize the cord insertion area, 
as this will help in the differentiation of bladder ex- 
s Another 





strophy from omphalocele or gastroschi 
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Fig. 4, Newborn infant, with large exstrophic bladder, epi- 
spadias, and low-lying umbilical cord. 
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important distinguishing clue is the visualization of a 
normal penis, which probably excludes the diagnosis 
of bladder exstrophy. 

The main problems with this defect are urinary in- 
continence, abdominal wall defects, and severe cosmetic 
lesions of the genitalia. These problems have been 
treated either with primary bladder closure, followed 
by secondary-stage repair of the epispadias and penile 
lengthening, or by diverting procedures, although an 
optimal treatment has not yet been established. 

The two-stage closure procedure is currently the pre- 
ferred method, and in our case the infant underwent 
primary bladder closure within 36 hours of birth with 
the second-stage repair deferred to a later date. 

We conclude that early ultrasonographic detection of 
this serious anomaly is important to differentiate it 
from other abdominal wall defects, so that prompt sur- 
gical intervention, after delivery in a tertiary center, 
can be planned to minimize the damage to the exposed 
bladder. 
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Contractions of the inner third of the myometrium 


Karl de Vries, MD, Edward A. Lyons, MD, Gerry Ballard, RDMS, Clifford S. Levi, MD, 
and Daniel J. Lindsay, MD 


Winnipeg, Manitoba, Canada 


Forty-six consecutive endovaginal ultrasound examinations were screened for the presence of myometrial 
contractions. The study group contained pregnant women up to 10 weeks’ menstrual age, nonpregnant, 
and postmenopausal women. Rhythmic myometrial contractions of the inner myometrial third not 
previously reported were seen in 35 studies in pregnant, nonpregnant, and postmenopausal women. The 
contractions involved the inner third of the myometrium in all but two cases. In these two cases, all three 
muscular layers were involved. The majority of women showed retrograde contractions, with the 
contraction wave moving from the cervix to the fundus. In menstruating women and one case of abortion, 
the contractions were antegrade. It is our speculation that these retrograde contractions of the inner 
“myometrial third may be important in sperm transport and for the conservation of early pregnancies within 
"the uterine cavity. (Am J OssteT Gynecol 1990;162:679-82.) 


Key words: Endovaginal ultrasonography, myometrial contractions, ultrasound, infertility, 










pregnancy 


Autonomous, spontaneous, rhythmic contraction 
and relaxation are inherent properties of smooth mus- 
cle. This activity is of myogenic origin, and it occurs in 
pletely denervated preparations. The uterus of the 
“sexually mature individual in the reproductive period 
is never motionless, for the myometrium contracts 
rhythmically and unceasingly.' The uterus possesses no 
intrinsic nervous mechanism similar to the Purkinje 
system of the heart. In the uterus, the propagation of 
the contraction wave resembles that of a syncytium in 
which contraction of one muscle cell triggers contrac- 
tion of the adjacent one. The resulting waves spread 
for variable distances over the myometrium. 

To the best of our knowledge, ultrasonographic ob- 
servation of myometrial activity visualized as endo- 
metrial movements has been described in the literature 
only twice. In one report in 1984 by Birnholz,? transves- 
ical ultrasonography was used in 26 women, the ma- 
jority of whom had been referred for monitoring of 
follicular development. In the other report," endome- 
trial movement was observed by endovaginal ultraso- 
nography in 21 nonpregnant women only during the 
late proliferative phase of the cycle but was not seen 
during the secretory phase. 

We have been able to visualize contractions of the 
inner third of the myometrium in nonpregnant and 
pregnant women. The contractions were seen to be 
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associated with stripping movements of the endome- 
trial lining. 

We report our findings in 42 consecutive women who 
had endovaginal ultrasonographic examinations and in 
whom a variety of physiologic and pathologic condi- 
tions were encountered. 





Material and methods i 
Forty-six examinations were performed on 42 con- 


secutive women referred to our laboratory for gyne- | 


cologic and obstetric ultrasound or as a normal vol- 
unteer. The one volunteer had five examinations dúr 
ing one cycle. 

Scans were performed on patients with the following 
conditions: uterine fibroid, ovarian cyst, intrauterine: 
pregnancy from 6 to 10 weeks, threatened abortion, 
early embryonic death, normal uterus in the prolifer- 
ative, ovulatory, secretory, menstrual phases, and post- 
menopausal. ee 

Data collected from the patients included age, parity, 
day of menstrual cycle, drug or alcohol use within pre- 
vious 24 hours, intercourse within previous 3 days, and 
present contraceptive methods. 

All patients arrived with a full bladder and first had 
a transvesical scan followed by an endovaginal scan with 
an empty bladder. : 

The scans were performed with a high-resolution 
real-time sector scanner using a 6.5 MHz endovaginal 
and 3.5 MHz transvesical transducer (Elsciit Inc. 
Haifa). eee 

The uterus. and adnexa were scanned and any ab- 
normalities recorded. On a midsagittal plane, a mag- 
nified view of the endometrial canal (Fig: 1) was then 
observed and recorded on videotape for 120 seconds. 
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The tape was then reviewed by three experienced ul- 
trasonologist/ultrasonographers by means of regular 
videotape playback speed and at five times the regular 
speed. 

We recorded the presence of contractions of the in- 
ner third of the myometrium, their direction, sym- 
metry, propagation distance, frequency, height, and 
length of each contraction. 

A contraction wave was most readily apparent when 
viewed on the fast-forward mode and was identified by 
distortion of adjacent endometrium as the wave passed 
by. There was definitely no movement of the external 
layer or even the outer 50% of the intermediate layer 
of myometrium. The height and length of the con- 
traction wave were measured by the movement of the 
endometrium. The distance the wave propagated was 
calculated from the peak of the wave as it started to 
the peak where it ended. We did not attempt to measure 
the exact distance traveled, but instead grouped the 
waves into three categories: <l cm, l to 2 cm, and 
>2 cm. The direction of propagation was described as 
antegrade if it moved from the fundus toward the cer- 
vix and retrograde if it moved in the opposite direction. 
The frequency of contractions was calculated from the 
number of waves seen in a 120-second observation 
period. 

We noted that some contraction waves appeared on 
both sides of the endometrial canal as they moved, 
whereas others were seen only on one side or the other. 
We termed the former symmetric and the latter asym- 
metric waves. Finally, we measured the thickness of one 
layer of the echogenic endometrium. 


Results 


The myometrium and endometrium were satisfac- 
torily visualized in all patients. Contractions of the inner 
third of the myometrium were observed in 35 of 46 
examinations. 

Nonpregnant women. Contractions were seen in 29 
of 35 scans; six were antegrade and 23 retrograde. In 
the antegrade group the average frequency was 2.3 
contractions (range, 0.5 to 6.0) per minute, average 
length 7.6 mm (range, 6.0 to 8.0 mm), and average 
height of 1.6 mm (range, 1.0 to 2.0 mm). In the 23 
retrograde scans the average frequency was 3.3/min 
(range, 0.5 to 9.0/min), length of 7 mm (range, 4.0 to 
10.0 mm), and height of 1.7 mm (range, 1.0 to 3.0 mm). 
Contractions were present and retrograde in all phases 
of the menstrual cycle, except during menstruation 
when they were antegrade. In the preovulatory stage 
the frequency of the contractions was highest and the 
distance traveled was the longest. These contractions 
began in the lower uterine body and swept up to the 
fundus. After midcycle they tended to travel shorter 
distances (1 to 2 cm) and increased again during men- 
struation. 





March 1990 
Am J Obstet Gynecol 


In 10 of 11 examinations in the first half of the cycle 
(days 3 to 15), the contractions were symmetric in na- 
ture. One patient at 15 days had an asymmetric type. 

In all 10 examinations in the second half of the cycle 
(days 18 to 31), the contractions were asymmetric, ei- 
ther in the anterior or posterior uterine wall. One ex- 
amination done during menstruation showed asym- 
metric contractions, whereas another showed the sym- 
metric type. 

Pregnant women—normal subjects. Six women had 
anormal intrauterine pregnancy with contractions seen 
in three of them. Two were typical contractions of the 
inner third; one women had full-thickness contractions. 
The average frequency was 1.5/min (range, 1.0 to 
2.0/min), with an average length of 7 mm (range, 6.0 
to 8.0 mm), and height of 1 mm (both had a height of 
1 mm). They were focal, asymmetric contractions 
usually on the posterior surface that traveled less than 
I cm. 

Pregnant women—abnormal conditions. Two 
women were seen and both had contractions; one had 
full-thickness contractions, whereas the other had con- 
tractions involving the inner third of the myometrium. 
Both pregnancies were 7 weeks’ menstrual age, one an 
inevitable abortion and one a twin gestation with a sin- 
gleton and a blighted ovum. The myometrium of the 
patient with the inevitable abortion showed a full- 
thickness contraction traveling the length of the uterus 
with a frequency of 2/min, a height of 9 mm, and a 
length of 18 mm. The other had very subtle retrograde 
contractions that could not be measured accurately. 

Postmenopausal women. The direction of the con- 
tractions was retrograde in one 72-year-old woman who 
was not receiving any hormonal therapy, whereas no 
contractions were seen in the other two postmeno- 
pausal women. The frequency of the contractions was 
2/min with a height of 2 mm and length of 5 mm. The 
distance traveled by the wave was less than | cm. 

Others. There were inadequate data available for 
women with uterine fibroids, those who had inter- 
course, and the use of drugs or alcohol. There was no 
identifiable correlation between myometrial activity 
and endometrial thickness other than in relation to the 
phase of the menstrual cycle. 


Comment 


In the normal human uterus simplex, there are three 
layers of myometrium in the corpus. The thin external 
layer consists chiefly of longitudinal fibers that pass over 
the fundus and converge at the cornua. 

The intermediate layer is the thickest, consisting of 
two principal groups of symmetric smooth muscle, one 
arising in each uterine cornua. The. two systems inter- 
digitate in the midsagittal plane of the uterus. 

The internal layer consists of longitudinal and cir- 
cular fibers. l 
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Fig. 1. Midsagittal endovaginal ultrasonogram of a nonpregnant uterus in midcycle. The fundus is 
on the right and the cervix is out of the field of view. Arrowheads mark the echogenic secretory 
endometrium, Asterisk marks the hypoechoic zone or inner third of the myometrium. /, Intermediate 
layer of myometrium, V, arcuate vessels between the external and intermediate layers of myome- 


trium. 


It has been observed in humans that rhythmic myo- 
metrial activity under the action of estrogen involves a 
coordinated contraction of the entire uterus. These 
contractions arise from the cornual region, which acts 
as the “pacemaker” dominating uterine activity.’ In con- 
trast, the uterus that is not under estrogenic influence 
shows relative quiescence, with only small contractions 
initiated locally throughout different parts of the 
uterus,” 

Alvarez et al.° measured the pressure transabdom- 
inally in the amniotic fluid throughout pregnancy and 
found two types of contractions. The first were 
“rhythmical contractions of low intensity,” that oc- 
curred at a rate of I to 3 contractions per minute in all 
pregnancies from week 9 until term. These contrac- 
tions were not perceived by the women. The second 
type were “non-rhythmical contractions of higher in- 
tensity.” Because of their higher intensity, they could 
be perceived by palpation and were detected by the 
woman as a hardening of the uterus. They appeared 
sporadically, without rhythm, until the last 2 weeks be- 
fore the onset of labor when they acquired a regular 
rhythm. 

It is possible that the small retrograde contractions 
we observed endovaginally in early pregnancy were the 
rhythmic contractions of low intensity described by Al- 
varez et al. They recorded them as early as the ninth 
week, whereas we visualized them during the seventh 
week (menstrual age). It is probable that Alvarez et al. 
did not attempt to introduce a needle probe into the 
amniotic fluid before the ninth week. 


Therefore in our early experience a normal intra- 
uterine pregnancy may have no contractions or, if pres- 
ent, they are primarily of low frequency and retro- 
grade. If they are antegrade with a larger wavelength, 
they may be associated with pathologic conditions. 

Contractions or intrauterine pressure waves in the 
nonpregnant uterus of fertile women have been dem- 
onstrated by nonultrasonographic methods: by open- 
tip catheters,’ small intrauterine rubber balloons, and 
hysterosalpingography.* Contractions in the nonpreg- 
nant uterus shown by open-tip catheter were most 
prominent during the periovulatory phase.’ 

Martinez-Gaudio et al” used intrauterine balloons 
and found “propagated” contractions that swept over 
the entire uterus from the midsecretory phase to the 
end of menstruation. “Nonpropagated” contractions 
that involved only a section of the uterus were present 
from the end of menstruation to the midsecretory 
phase. In contrast, we saw propagated contractions that 
traveled more than 2 cm in the preovulatory phase, 
whereas in the secretory phase there was a predomi- 
nance of contractions that were more localized and trav- 
eled only | to 2 cm. There was a return to the prop- 
agated type traveling in an antegrade direction toward 
the cervix during menstruation. 

Borell et al.” observed transient uterine contractions 
during hysterosalpingography. They noted contrac- 
tions in the secretory phase of the cycle only, the usual 
time when contrast studies are performed. 

Previous ultrasonographic studies with the trans- 
vesical? and endovaginal approach’ did not directly 
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demonstrate myometrial contractions but described a 
phenomenon of stripping of the echodense endome- 
trial mucus.” 

Karim and Hillier’? documented the role of prosta- 
glandins in stimulating myometrial contractility in vivo 
and in vitro. Could insertion of the endovaginal probe 
itself cause the release of prostaglandins and induce 
myometrial contractions? Birnholz,? who used trans- 
vesical ultrasonography, observed endometrial move- 
ments in 19 of 26 women, thus making the possibility 
that these contractions were induced by prostaglandin 
release as a result of introduction of the endovaginal 
probe unlikely. 

What is the anatomic-morphologic basis for contrac- 
tions of the inner third of the myometrium? 

Sauerbrei et al. describe a hypoechoic halo that sur- 
rounds the endometrium on the uterine ultrasonogram 
of postmenarchal women. In their opinion, this rep- 
resents. the inner part of the myometrium, containing 
submucosal vascular plexes. 

Similarly, Fleischer et al.'* describe a hypoechoic layer 
on uterine ultrasonograms during normal cycles. They 
attribute this layer to a relatively vascular area of the 
inner portion of the myometrium. 

Lee et al." used magnetic resonance imaging and 
found a low-intensity band 2 to 6 mm wide that cor- 
related histologically with the inner layer of the myo- 
metrium. This zone has been described by other au- 
thors and has been termed the “junctional zone”. “ 

What is the mechanism for symmetric versus asym- 
metric contractions? It may be suspected that the sym- 
metric contractions in the proliferative and periovu- 
latory phases serve a primary function in transport of 
sperm from the cervix to the fundus and that the en- 
circling contraction in the fundus perhaps serves to 
deposit sperm into the cornual portion of the fallopian 
tube: The asymmetric waves in the secretory phase may 
simply serve to maintain the blastocyst and developing 
embryo within the uterine fundus. 

Before the advent of endovaginal ultrasonogra- 
phy, it was not possible to appreciate that it was the 
inner layer of the myometrium that contracted and 
caused endometrial streaming and intrauterine pres- 
sure changes. We have shown that contractions do exist 
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in the inner layer of the myometrium and that their 
pattern is one that might aid in both sperm transport 
and maintenance of the preimplanted blastocyst within 
the uterine fundus. This may open a new area in the 
investigation of unexplained infertility and early preg- 
nancy loss. 
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Mechanisms of parturition: The transfer of prostaglandin E, 
and 5-hydroxyeicosatetraenoic acid across fetal membranes 


Phillip R. Bennett, MD,* Geoffrey V. P. Chamberlain, MD, Lata Patel, BSc,° 


Murdoch G. Elder, MD, and Leslie Myatt, PhD? 
London, England 


Prostaglandin E, production by amnion is thought to be an important event in the onset of human labor. It 
has been suggested that 5-hydroxyeicosatetraenoic acid, also produced in the amnion, may mediate 
prelabor contractions. For either of these compounds to play a paracrine role they need to cross the 
chorion, which has a high capacity to metabolize prostaglandins. With the use of an in vitro system we 
have shown that both prostaglandin E; and 5-hydroxyeicosatetraenoic acid cross either amnion or intact 
amnion-chorion-decidua at a rate similar to that of an extracellular marker sucrose. Analysis by high 

` performance liquid chromatography revealed that at physiologic concentrations neither prostaglandin E, 
nor 5-hydroxyeicosatetraenoic acid were metabolized by amnion alone. Moreover, 100% of the 
5-hydroxyeicosatetraenoic acid and 72% of the prostaglandin E, remained in the active form after passage 
across intact amnion-chorion-decidua. There did not appear to be any difference in the rate of transfer or 
permiability of the membranes before or after spontaneous labor. We conclude that both 
5-hydroxyeicosatetraenoic acid and prostaglandin E, synthesised in the amnion can cross the membranes 
by diffusion through the extracellular space, remaining largely unmetabolized, and may play a role in the 


onset of human labor. (AM J OasteT GYNECOL 1990;162:683-7.) 


Key words: Labor, parturition, prostaglandin E», 5-hydroxyeicosatetraenoic acid, amnion, 


chorion 


Although the biochemical mechanisms that initiate 
labor in human beings are not as well understood as 
those in animals, an increase in prostaglandin synthesis 
within the uterus appears to be a common feature.' In 
human beings, amniotic fluid and maternal plasma con- 
centrations of prostaglandins E and F increase in the 
late phase of gestation and labor, and whereas exoge- 
nous prostaglandins may stimulate labor, prostaglandin 
synthesis inhibitors prevent it.* The site of synthesis of 
the prostaglandins that act to directly stimulate the 
myometrium is unclear. The amnion is a major source 
of prostaglandin E, (PGE,) synthesis during labor, 
with increased mobilization of precursor arachidonic 
acid from amnion membrane phospholipids.? This 
PGE, may act in a paracrine manner on myome- 
trium after diffusing across the chorion and decidua. 
However, chorion is a rich source of prostaglandin 
dehydrogenases* ê and so metabolism of PGE, to an 
inactive metabolite might be expected en route from 
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amnion to myometrium. Nakla et al. have shown the 
transfer of radiolabeled PGE, and arachidonic acid 
across fetal membranes in vitro; however, neither the 
mechanism of transport nor the metabolic fate was de- 
termined. Amnion also has the capacity to produce lip- 
oxygenase metabolites of arachidonic acid both before 
and during labor’ * and lipoxygenase products have 
been measured in amniotic fluid.? We have previously 
shown that 5-hydroxyeicosatetraenoic acid (5-HETE) 
is a weak oxytocic agent” and Walsh et al.'™'? have 
associated amniotic fluid 5-HETE with prelabor con- 
tractions and with the onset of labor in the monkey. 
The transfer and metabolism of 5-HETE in human 
fetal membranes has not been established. Therefore 
we have studied the transfer and metabolism of ra- 
diolabeled PGE, and 5-HETE across human amnion 
and amnion-chorion-decidua in vitro in comparison 
with an extracellular market of similar molecular 
weight (sucrose) and have studied metabolism with high 
performance liquid chromatography (HPLC). Experi- 
ments have been performed on tissues obtained both 
before and after spontaneous labor. 


Methods 


Fetal membranes were obtained at elective cesarean 
section at term, before labor, or after spontaneous vag- 
inal delivery. The membranes were transported to the 
laboratory in chilled phosphate-buffered saline solu- 
tion and cut into pieces 8 cm? either as amnion only or 
intact amnion-chorion-decidua and mounted vertically 
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Fig. 1. Transfer of radiolabeled sucrose and PGE, from am- 
nion to chorion side of isolated amnion, and intact amnion- 
chorion-decidua collected after spontaneous labor, in two sin- 
gle experiments. Transfer was calculated as radioactivity trans- 
ferred as percentage of total radioactivity added to amnion 
side. 


in a modified Ussing chamber. The two sides of the 
membrane were separated by a watertight seal and each 
side was perfused with medium 199 at 37° C and pH 
7.4. The medium on each side was circulated through 
the Ussing chamber and its associated heating chamber 
with a peristaltic pump. The total volume of medium 
on each side was 40 ml and the flow rate was 2 ml/min. 
The pH was maintained in the range of 7.3 to 7.5 by 
bubbling oxygen (95%) and carbon dioxide (5%) 
through the medium in the heating chamber. 

After a preincubation period of 30 minutes either 
prostaglandin E; labeled with tritium (4 pCi, 10 ng, 
molecular -weight 363) or 5-hydroxyeicosatetraenoic 
acid labeled with tritium (4 pCi, + 10 ng, molecular 
weight 329) was added to either the amnion or the 
chorion side together, with an extracellular marker su- 
crose labeled with carbon 14 (4 «Ci, 2.5 wg, molecular 
weight 360). The concentration of PGE. or 5-HETE 
was increased in some experiments by addition of un- 
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Fig. 2. Transfer of radiolabeled sucrose and 5-HETE from 
amnion to chorion side of isolated amnion, and intact amnion- 
chorion-decidua collected after spontaneous labor, in two sin- 
gle experiments. Transfer was calculated as radioactivity trans- 
ferred as percentage of total radioactivity added to amnion 
side. 


labeled compound (100 ng or I pg). Aliquots of 
200 pl of medium were removed from either side of 
the membrane at 15-minute intervals for 4 hours. 
These were added to scintillation fluid (Koch-Light 
Ltd.) and radioactivity was counted to allow comparison 
between the rate of transfer of tritium and carbon 14 
across the membrane. 

Permeability coefficients were calculated with the for- 
mula K.= Q/d xX A X t, where K = permeability co- 
efficient, Q = net transfer (counts), ô = mean gradient 
across the membrane (counts per milliliter), A = area 
of membrane (cm?), t = time (seconds). 

Viability of the membrane was confirmed at the end 
of each experiment by its ability to exclude trypan blue 
as assessed by light microscopy. All the medium that 
remained on either side of the Ussing chamber at the 
end of each experiment was removed, acidified to a pH 
of 3.15 with formic acid, passed through a prepared 
C18 SepPak (Waters Associates) and the tritiated ara- 
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Fig. 3. Representative HPLC profile of tritiated arachidonic 
acid metabolites appearing on chorion side when tritiated 
PGE, is added to amnion side of isolated amnion (top) or intact 
fetal membranes (bottom) obtained after spontaneous labor. 


chidonic acid metabolites were eluted into 5 ml methyl 
formate. This solvent was evaporated with oxygen-free 
nitrogen and the residue redissolved in 1 ml of 30% 
(vol/vol) acetonitrile in 40 mmol/L of triethylamine 
formate (pH 3.15). The PGE,, 5-HETE and any me- 
tabolites of these compounds were then separated ac- 
cording to polarity with an HPLC system based on a 
reverse phase fatty acid analysis column (Waters As- 
sociates). The initial solvent mixture was 30% aceto- 
nitrile in 40 mmol/L triethylamine formate for 25 min- 
utes, increasing to 50% and 100% acetonitrile after 25 
and 52 minutes. The solvent flow was 1 ml/min. Frac- 
tions were collected every 30 seconds for a total of 60 
minutes; each was dissolved in scintillation fluid and 
radioactivity counted in an Intertechnique SL3000 liq- 
uid scintillation counter. We have previously reported 
the elution times for various arachidonic acid metab- 
olites in this system.* The radioactivity present in each 
metabolite peak in the HPLC chromatography profiles 
was calculated by summation. Control samples of un- 
used tritiated PGE, and tritiated 5-HETE were diluted 
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Fig. 4. Representative HPLC profile of tritiated arachidonic 
acid metabolites appearing on the chorion side when tritiated 
5-HETE is added to the amnion side of intact fetal membranes 
obtained following spontaneous labor. 


in 40 ml medium 199 and allowed to stand in a water 
bath at 37° C for 4 hours. They were processed for 
HPLC analysis in the same way to confirm purity and 
to determine the extent of any autooxidation. 


Results 


HPLC analysis (data not shown) of tritiated PGE, and 
tritiated 5-HETE incubated in medium alone con- 
firmed the purity of these compounds and showed that 
no autooxidation or spontaneous breakdown had oc- 
curred during 4 hours at 37° C. 

Both tritiated PGE, and tritiated 5-HETE crossed 
from the fetal to the maternal side of amnion tissue 
(Figs. 1 and 2). The rate of transfer appeared to be 
similar for both compounds and was similar to that of 
the extracellular marker (["C] sucrose). Hence, similar 
permeability constants were calculated for the two test 
compounds and the extracellular marker (Table I). The 
rates of transfer of tritiated PGE, and tritiated 5-HETE 
were constant regardless of the concentration of PGE, 
or 5-HETE (0.25, 2.5, or 25 ng/ml) in the media. The 
permeability constants and transfer rates were identical 
when comparing amnion obtained before labor with 
that obtained after spontaneous labor and delivery. 
When experiments were performed in the reverse di- 
rection, from maternal to fetal side, identical rates of 
transfer and permeability constants were found (Table 
I). HPLC analysis of the media at the end of the ex- 
periments showed that there was no significant metab- 
olism of tritiated PGE, after its transfer across amnion 
alone (Fig. 3). Neither was any metabolism of tritiated 
5-HETE seen with transfer across amnion alone (data 
not shown). 

As might be expected, the rates of transfer and there- 
fore the permeability constants were lower when intact 


` amnion-chorion-decidua was studied rather than am- 
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Table I. Membrane permeability to PGE», 5-HETE, and sucrose 









Direction 





Tissue (No.) 


Permeability 1077 I see 









Sucrose 


Amnion 
Before labor (6) F to M* 4.500 (0.93) 4.782 (1.01) 4.709 (0.96) 
After labor (6) . FtoM 4.525 (0.96) 4.921 (1.03) 4.720 (0.91) 
After labor (3) M to Ft 4.478 (0.66) 4.838 (0.86) 4.607 (1.01) 
Amnion-chorion-decidua 
Before labor (6) FtoM 3.233 (0.87) 3.230 (0.67) 3.333 (0.79) 
After labor (6) F to M 3.168 (0.76) 3.536 (0.71) 3.454 (0.72) 
After labor (4) MtoF 3.226 (0.68) 3.785 (0.90) 3.417 (0.72) 





*Fetal to maternal. 
Maternal to fetal. 


nion alone (Table I). However, there was no significant 
difference between the transfers of tritiated PGE,, tri- 
tiated 5-HETE, and [“C] sucrose across intact mem- 
branes. Furthermore, there was no difference in trans- 
fer across intact membranes obtained before or after 
labor, or when transfer experiments were performed 
in the fetal-to-maternal or maternal-to-fetal directions. 
HPLC analysis of the media at the end of each exper- 
iment (Fig. 3) showed metabolism of tritiated PGE, 
(retention time, 16.5 minutes) to 13,14-dihydro-15- 
ketoprostaglandin E, (retention time, 27.0 minutes) 
after transfer across amnion-chorion-decidua. The 
amount of tritiated PGE, that crossed intact in the fetal 
to maternal direction was 58% (+8), 72% (+7), and 


85% (+11) at concentrations of 0.25, 2.5, and 25. 


ng/ml, respectively, in the initial fetal media. In con- 
trast, there was no apparent metabolism of tritiated 5- 
HETE during its passage across intact amnion-chorion- 
decidua (Fig. 4). In this HPLC system 5-HETE chro- 
matographs in two peaks with retention times of 35.5 
and 43.0 minutes, probably corresponding to free acid 
and lactone forms of the compound. 


Comment 


Arachidonic acid metabolism in amnion before labor 
occurs principally through the lipoxygenase enzyme 
pathway to produce a variety of hydroxyeicosatetrae- 
noic acids and leukotrienes.” * '* Whereas the leuko- 
trienes and 12-HETE have no oxytocic activity,'® * 5- 
HETE is a weak oxytocic agent in vitro and may par- 
ticipate in both prelabor contractions and possibly the 
onset of labor itself.'".'* With the onset of labor there 
is an increase in arachidonic acid mobilization and an 


increase in cyclooxygenase metabolism to PGE, in am- _ 


nion.*” For either of these two compounds to have a 
paracrine role requires their transfer across chorion 
and decidua, which are tissue with a high capacity to 
metabolize prostaglandins to inactive compounds. 

We have shown that PGE, is able to cross either am- 
nion alone or intact fetal membranes. This confirms 


the findings of Nakla et al.° In addition we have also 
shown that the lipoxygenase metabolite of arachidonic 
acid, 5-HETE, shares similar diffusion characteristics. 
For both compounds transfer was at the same rate in 
either direction and was similar to that of the extra- 
cellular marker sucrose. Therefore, transfer appears 
to occur through the extracellular space by a process 
of simple diffusion. The absence of any reduction in 
the rate of transfer with increasing concentration of 
test compounds supports the lack of a receptor or 
carrier-mediated transfer mechanism. The reduction 


_ in transfer across intact membranes, as compared with 


amnion alone, is consistent with the increase in thick- 
ness of the barrier to permeability. 

Unlike Nakla et al.° we were unable to demonstrate 
any differences in transfer or permeability before or 
after labor. This may represent differences in tech- 
nique or in the site of sampling of the membranes. 
We have confirmed that whereas no metabolism of 
PGE, occurs in transfer across amnion alone, presum- 
ably because of a lack of prostaglandin dehydroge- 
nase in that tissue, there was appreciable metabolism 
during transfer across whole thickness membranes 
and that the major metabolite was 13,14-dihydro-15- 
ketoprostaglandin E.. At a concentration of PGE, in 
the fetal side chamber similar to that which has been 
measured in amniotic fluid (2.5 ng/ml) some 72% re- 
mained as PGE, after transfer. With a tenfold increase 
in this initial concentration of PGE, (to 25 ng/ml) the 
proportion transferring intact increased, suggesting 
that either a cellular uptake system or the prostaglandin 
dehydrogenase enzyme itself was becoming saturated. 
Therefore an appreciable proportion of amniotic fluid 
PGE,, or that synthesized by the amnion can cross 
the fetal membranes intact and may affect the myo- 
metrium. Similarly eicosanoids synthesised by decidua 
or myometrium can cross in the reverse direction, and 
reach the amniotic fluid. 

We have also shown that the lipoxygenase metabolite 
5-HETE can cross either amnion alone or inact mem- 
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branes. Unlike PGE, ‘there did not appear to be any 
metabolism of this compound during, transfer. The 


transfer rates and permeability constant for 5- HETE 


were similar to those measured for PGE, and the ex- 


tracellular marker sucrose. Although the permeability. a 
constant for 5-HETE, (molecular weight 329) might be’ 


expected to be greater than that for PGE, (molecular 
weight 364), this difference is probably too small to be 
detected under these experimental conditions. It would 


appear that HETEs synthesized by the amnion present ` 


in amniotic fluid, perhaps as a consequence of bacterial 


infection,® could cross the- membranes and exert an _ 


oxytocic effect. 

These findings are consistent with the hypothesis that 
a paracrine mechanism operates whereby eicosanoids 
synthesised by amnion under normal circumstances or 


in response to chorioamnionitis may exert an oxytocic - 


_effect on myometrium. It is possible that under normal 
circumstances 5-HETE mediates prelabor (Braxton 
Hicks) contractions with the massive increase in PGE, 
in labor mediating true contractions. 
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Could antiprogesterones be used as alternative cervical 


ripening agents? 


Nicholas Johnson, MRCOG, FRCS, and Fiona C. Bryce, MRCOG 


Leeds, England 


We measured the effect of a progesterone antagonist on the pregnant cervix with a custom-built 

cervicometer. The change in cervical diameter was studied in 11 pregnant patients after oral administration 

of 600 mg of RU-486. In all cases RU-486 ripened the cervix (o = 0.0007). The average increase in i 
diameter was 13% (95% confidence limits, 10% to 16%). (AM J OssTeT GYNECOL 1990;162:688-90.) 


Key words: Cervix uteri; dilatation; RU-486; elective abortion; pregnancy trimester, first 


The use of cervical ripening (dilating) agents before 
surgical termination of pregnancy results in a.reduced 
incidence of intraoperative cervical tears, uterine per- 
forations, hemorrhage, subsequent laparotomy, and 
shorter operative time.’ Techniques to “ripen” (dilate 
and soften) the cervix include the application or ad- 
ministration of narcotics and anesthetic agents, salts, 
enzymes, hormones, vibration, heat, cold, herbal reme- 
dies, tents, and acupuncture.? A number of these tech- 
niques are effective but only tents and prostaglandins 
have come into widespread clinical use. However, both 
of these methods have disadvantages; prostaglandins 
induce painful uterine contractions and may induce 
bronchoconstriction, whereas tent insertion is often un- 
comfortable.* * 

Antiprogesterones* ê might be superior cervical rip- 
ening agents because they can be administered as a 
single oral dose and they are free from these disad- 
vantages. Therefore we tested our subjective impres- 
sion that antiprogesterones are effective in softening 
and dilating the pregnant cervix by measurement of 
the cervical state before and after administration of the 
antiprogesterone RU-486 (Mifepristone). , 


Material and methods 


Eleven healthy patients who had been offered sur- 
gical termination of pregnancy at 7 to 9 weeks’ gestation 
(day 42 to 63) were studied. The women (six primi- 
gravid and five parous patients) were between 19 and 
42 years of age. After full counseling and consent, an 
ultrasonographic examination of the pelvis was per- 
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formed to confirm a singleton viable, 7- to 9-week preg- 
nancy. 

A bimanual pelvic examination was then performed 
and the cervix was exposed with a bivalve speculum. 
The cervical diameter, 17 mm from the ectocervix was 


_ measured with a cervical gauge (Unpublished data) 


(Fig. 1). The feelers of the gauge were passed into the 
cervix until the stopper came into contact with the ec- 
tocervix. A spring located at the handle drove the plas- 
tic outer cover distally and this opened the feelers. The 
distance the plastic outer cover retracted from the han- 
dle was measured with the micrometer sited on the 
handle. Although the same gauge was used in each case, 
two instruments of differing sizes were available (range, 
3.5 to 6.0 mm and 5.0 to 9.3 mm) and the gauge was 
selected to fit the cervix being measured. The radial 
force exerted by the feelers of each gauge did not ex- 
ceed 0.5 N. 

The mean of three readings was obtained in each’ 
case. If one measurement differed by >0.2 mm, two 
further readings were taken. A total of 600 mg of RU- 
486 (Roussel Uclaf, Paris, France; 178-hydroxy-11B- 
(4-dimethylaminophenyl-1)-17a(1-propynyl)estra 4.9- 
dien-3-one mifepristone) was then given orally with wa- 
ter. Patients were monitored for any change in vital 
signs over the ensuing 4 hours and then were dis- 
charged. The patient returned 48 hours later, the cervix 
was exposed, and the cervical diameter was remeasured 
with the same instrument. Pregnancy termination was 
then completed with vaginal Cervagem (May & Baker, 
Essex, U.K.) as described by Roger and Baird’ and 
Cameron and Baird.’ 


Results 


In each patient, cervical diameter increased after the 
administration of RU-486. This was statistically signifi- 
cant (p = 0.0007; one-tailed paired Student t test) (Fig. 
2). Although one patient had vaginal bleeding 36 hours 
after administration of RU-486, ultrasonographic ex- 
amination at this point confirmed that the pregnancy 
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Fig. 1. Cervical gauge (not to scale). 


was still viable. RU-486 did not induce any objective or 
subjective signs or symptoms. Subsequent medical ter- 
mination of pregnancy was uneventful in all patients. 


Comment 

We have confirmed that the antiprogesterone RU- 
486 softens and dilates the pregnant cervix. Although 
our measurements could not be made “blinded,” the 
substantial changes in cervical configuration were mea- 
sured objectively by a robust and sensitive gauge (Un- 


published data) and previous work has shown that re- | 


peated measurements with the gauge do not dilate the 
cervix in early pregnancy (95% confidence limits 0 to 
0.3 mm). The change in diameter measured from a 
fixed point from the ectocervix represents a general- 
ized dilatation of all of the cervix including the internal 
os (Johnson and Glandville, unpublished data). The 
measured change in cervical dilatation supports Dulot 
et al.’s data® that RU-486 decreases the force required 
to dilate the cervix at 12 weeks’ gestation. The impli- 
cation of this is that oral administration of RU-486 be- 
fore a surgical termination of pregnancy will reduce 
the force required to pass dilators. Because few gyne- 
cologists routinely use a dilator larger than 12 mm in 
the first trimester, and because microscopic epithelial 
tears do not usually appear in the unprepared cervix 
until dilatation exceeds 9 mm,'*"' and because the fi- 
brous matrix of the cervix is not irreversibly damaged 
until this is carried beyond 12 mm,” it is likely that a 
relatively small change in cervical consistency substan- 
tially reduces complication rates. 

Ideally, tents, prostaglandins, and RU-486 should be 
compared in a randomized trial, but because all these 
methods have been shown to have a similar effect on 
cervical softness and dilatation, a study to detect a pos- 
tulated small advantage of one agent over the other 


would require enormous sample sizes, especially if end-" 


points such as fertility and subsequent reproductive 
performance were to be measured. Because all these 
agents are effective methods for cervical priming, if 
used correctly, the most important issue concerns the 
acceptability and safety. 

Although there are no known immediate systemic 
side effects from RU-486,'* * approximately one in 12 
patients will have vaginal bleeding 24 hours after ad- 
ministration of 600 mg of RU-486 if it is used as an 
abortifacient before 9 weeks’ gestation. However, our 
impression is that bleeding is less frequent after 9 weeks 
of pregnancy. There is also a suggested theoretical risk 
of masculizing a female fetus, which may have impli- 
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Fig. 2. Cervical diameter before and after administration of 
RU-486. In each case cervical diameter in response to fixed 
radial force has increased (p = 0.0007). 


cations for the patient who accepts RU-486 adminis- 
tration and then changes her mind and regrets preg- 
nancy termination. However, although RU-486 binds 
with androgenic receptors it does not activate them and 
it has no androgenic activity, and RU-486 has no effect 
on rodents that are exposed to the steroid during in- 
teruterine development. RU-486 is`a, weak gluconeo- 
genic steroid and it may exacerbate a diabetic tendency 
and reduce the glucocorticoid response to surgery. 


` Again, this has not been a problem in practice. 


It is likely that most patients would prefer a single 
oral preparation of an antiprogesterone to one of the 
alternative vaginal agents such as prostaglandins. 

In conclusion, the antiprogesterone RU-486 has a 
cervical priming effect and cervical priming is known 
to protect the cervix from the effects of mechanical 
dilation. Although more work is needed to determine 
whether RU-486 has a similar effect within a shorter 
time period and at other phases of gestation, this work 
suggests that RU-486 may become an important alter- 
native cervical priming agent. 
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Myometrial activity after local application of prostaglandin E, 
for cervical ripening and term labor induction 


Lena Granström, MD, Gunvor Ekman, MD, and Ulf Ulmsten, MD? 
Danderyd and Uppala, Sweden i i 


Twelve pregnant women at term with unfavorable cervices (<5 points according to Bishop score) were 

given prostaglandin E, for cervical priming and labor induction. Prostaglandin E, was given in the following 
manner: 0.5 mg in gel strictly intracervically (n = 4), extraamniotically (n = 4), or prostaglandin E, (4 mg) 
in gel vaginally (n = 4). The. myometrial activity was registered over a period of 30 minutes before and at 


least 3 hours after gel application by means of an extraamniotic microtransducer catheter. After both 
extraamniotic and vaginal gel application, myometrial activity was significantly increased compared with 
intracervical application. All the women had favorable cervical states 6 hours after treatment and were 
delivered vaginally within 24 hours. All infants were delivered in good condition with 1-minute Apgar scores 
>7. From these results we conclude that proper intracervical prostaglandin E; gel application, in contrast 
to extraamniotic or vaginal application, induces cervical ripening without significant myometrial activity. 
Because careful intracervical application appears to avoid or minimize the risks of myometrial 
hyperstimulation, this technique should be considered particularly in women with unfavorable cervices and 


delicate fetuses. (AM J Osstet GynecoL 1990;162:691-4.) 


Key words: Cervical priming, PGE,, myometrial contractions, labor induction 


Several studies have confirmed that local application: 


of prostaglandins is an effective method for ripening 
of the cervix at term.'® However, unwanted myometrial 
contractions or hyperstimulation have been reported 
as side effects.2°” It is therefore important to study 
and quantify the risk for possible side effects that may 
jeopardize a delicate fetus. 

The purpose of this investigation was to evaluate both 
the risk of induction of unwanted myomerial contrac- 


tions after local application of prostaglandin E, (PGE) 


gel and to identify a gel technique that minimizes this 
side effect. 


Material and methods 


Twelve pregnant women at term with unfavorable 
cervices (Bishop score <5 points) participated in the 
study. They were allocated into three groups. Group 
A consisted of four women (Bishop score <5 points) 
who were treated with PGE, (0.5 mg) in gel that was 
applied strictly within the cervical canal.“ 

Group B included four women, also with unfavorable 
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cervical states (Bishop score =5 points). These women 


, were treated with PGE, (0.5 mg) in gel deliberately 


applied extraamniotically.' 

The last group of women (group C) consisting of 
four pregnant women at term who had unfavorable 
cervical states (Bishop score =5 points). They were 
given PGE, (4 mg) in gel applied in the posterior fornix 
of the vagina.’ The indications for induction of cervical 
priming and induction of labor were medical, such as 
preeclampsia, suspected postmaturity, or fetal growth 
retardation. 

All women were primiparous with intact membranes ` 
and no spontaneous uterine contractions according to 
tocographic recordings. Ultrasonographic scans had 
been performed twice during the pregnancy to estimate 
correct gestational age and to exclude abnormalities, 
such as placenta previa, multiple pregnancy, or breech 
presentation. Relevant data of the patients are given in 
Table I. 

Amniotomy was not done until labor was well estab- 
lished and the cervix dilated =4 cm. 

Gel preparation. The PGE, gel (Cerviprost, Organon 
OSS, The Netherlands) originates from a cross-link 
starch powder industrially mixed with PGE, in ethanol 
solution and lyophilized. Immediately before appli- 
cation, 2.0 ml of saline solution (extraamniotic or in- 
tracervical) or 3.0 ml saline solution (intravaginal) was 
added to the PGE, powder. 

A highly viscous, stickly gel was thus achieved within 
30 seconds. The gel was applied through a plastic cath- 
eter 12 cm long as described previously.’ 
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Fig. 1. Typical tracing illustrates myometrial activity registered by microtransducer catheter before 
and 30, 60, and 90 minutes after different gel applications. 


Table I. Twelve term pregnant women | treated will local application of PGE, for cervical priming, labor 


induction, or both 







Age (yr) 
Mean 25.5 
Range 24-29 
Gestational age (wk) 
Mean i 4l 
Range 40-42 
Parity 0 
Original cervical score . 
Mean 3.5 
Range 3-4 


1 


For strictly intracervical application, the tip of the 
catheter was introduced close to the inner meatus. The 
gel (corresponding to a volume of approximately 2.5 
ml) was then cautiously applied within the cervical canal 
while the catheter was slowly withdrawn. 

For extraamniotic gel application, the tip of the cath- 
eter was allowed to pass the internal meatus, after which 
the gel application was commenced. 

During vaginal application, the gel was introduced 
in the posterior fornix of the vagina. 

Irrespective of the mode of application, the catheter 
was immediately withdrawn after application. 

Pressure recording. For proper-registration of myo- 
metrial activity, a flexible 2 mm thin microtransducer 
catheter (Geltec, Scotland) was applied extraamniot- 
ically via the cervical canal without rupturing the mem- 
branes. The recording section at the tip of the catheter 
was placed 2 to 3 cm above the internal meatus. The 
registrations started 30 minutes before and lasted for 
4 to 5 hours after gel application. The recording tech- 
nique has been described in detail elsewhere.° 





Group C 
(4 mg in gel vaginally) 





28 25 
19-39 22-26 
4] 41 , 
40-42 40-42 
0. 0 
4 4 
3-5 3-5 
Results 


The effects on the myometrium and cervix after the 
three different gel applications are shown in Fig. 1. 
Stricly intracervical application of PGE, gel induced 
minimal myometrial activity, whereas significant uter- 
ine contractions were recorded almost immediately af- 
ter extraamniotic application. After intravaginal gel ap- 
plication, regular uterine contractions were registered 
within 30 to 60 minutes. The myometrial activity cal- 
culated in Montevideo units is shown in Fig. 2. The ` 
activity after extraamniotic and intravaginal application 
was considerably more pronounced than after intra- 
cervical application. l 

Cervical states improved in all women after gel ap- 
plication. No significant difference in this parameter 
was found within the three groups of patients at reex- 
amination 5 to 6 hours after start of treatment. 

Induction-to-delivery time differed in the three 
groups of patients; the longest interval occurred after 
intravaginal application (10 to 15 hours) and the short- 
est interval was after extraamniotic application (6 to 9 
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1) Student's t-test. 


Fig. 2. The myometrial activity expressed in Montevideo units after intracervical (group A), extraam- 
niotic (group B), and vaginal (group C) application of PGE, gel. 


Table II. Results after treatment with local application of PGE, gel 


Group A Group B 
(0.5 mg intracervically) (0.5 mg extraamniotically) 


Original mean cervical score 3.5 
Cervical score 5 hr after treatment 
Mean 6 
Range 5-7 
Labor-delivery time (hr) 
Mean 8 
Range 6-10 
No. of instrumental deliveries 
Cesarean section 0 
Ventouse 2 


hours). Six instrument-assisted deliveries were neces- 
sary and vacuum extractions were performed (Table 
II). No complications, such as rupture of the mem- 
branes, bleeding, or infections, were recorded after ap- 
plication of the catheter. All patients were delivered 
vaginally and all infants had 1-minute Apgar scores >7. 


Comment 


It is evident from this investigation that strictly in- ' 


tracervical application of PGE, (0.5 mg) in a highly 
viscous gel avoids or minimizes the risk of inducing 
myometrial hyperstimulation. Conversely, such a risk 
seems to be present if a considerable amount of gel is 
allowed to escape into the extraamniotic space. It is 
important to note that vaginal gel application, consid- 
ered an easy and safe procedure, induced significant 
myometrial activity within half an hour. Hence it may 
be concluded that if cervical priming is the primary 
goal of the PGE, gel application, a strictly intracervical 
application of a highly viscous gel is to be preferred. It 
must also be emphasized that this is a sophisticated 
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(4 mg in gel vaginally) 


4.0 4.0 


7 
6-8 5-7 


7 12 
3-9 8-14 


procedure that requires a trained obstetrician; the gel 
application must also be done under strict visual control 
to avoid its escape into the extraamniotic space with the 
ensuing risk of myometrial hyperstimulation. 

It is likely that combined intracervical and extraam- 
niotic PGE, gel application will prime the cervix 
and induce labor simultaneously, resulting in a short 
induction-to-delivery time. After extraamniotic gel ap- 
plication, such a procedure may be hazardous in pa- 
tients with delicate fetuses because of the risks of un- 
wanted strong uterine contractions in the presence of 
an unripe cervix. Vaginal application of prostaglandins, 
which requires a higher dose of PGE, compared with 
the intracervical route, also induces an apparent myo- 
metrial activity; but the cervical priming effect does not 
seem to be superior to that obtained after strictly in- 
tracervical gel application. Moreover, the higher dose 
of PGE, increases the risk of gastrointestinal effects.° 

On ‘the basis of our results from this investigation 
and our previous experiences, we conclude that strictly 
intracervical application of a highly viscous PGE, gel is 
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to be preferred if uterine contractions or myometrial 
hyperactivity are to be avoided at cervical priming and 
labor induction. i 
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Management of severe postpartum hemorrhage by. intrauterine 


irrigation with prostaglandin E, 


M. Reuben Peyser, MD, and Michael J. Kupferminc, MD 


` Tel Aviv, Israel 


Continuous intrauterine irrigation with minute amounts of prostaglandin E, was used in 22 patients with 
severe postpartum hemorrhage unmanageable by conventional therapy. Twenty-one women were treated 
because of uterine atonic hemorrhage and one because of late postpartum hemorrhage from 
subinvolution. A quick tetanic contraction of the uterine muscle with dramatic and sustained hemostasis 
was achieved in all patients. The therapeutic response was continuous and uninterrupted regardless of the 
predisposing factors for the hemorrhage or the hemodynamic coridition of.the patients. No side effects 


were observed. (Am J Opstet GYNECOL 1990;162:694-6.) 


Key words: Uterine atony, postpartum bleeding, prostaglandin Es 


Postpartum hemorrhage, primarily uterine atony, 
is responsible for approximately 25% of maternal 
deaths.’ It demands immediate attention and treatment 
to restoré homeostasis. Management consists of oxy- 
tocin and ergot therapy, blood replacement, manual 
massage, and bimanual compression. However, these 
measures may fail, necessitating operation with ligation 
of the hypogastric arteries, hysterectomy, or both. In 
recent years prostaglandins F,, and Fo, analogue and 
E, were introduced to overcome severe postpartum 
hemorrhage. These agents were administered intra- 
venously, intramuscularly, directly to the myometrium, 
or vaginally. This article describes the successful use of 
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prostaglandin E- (PGE) by continuous intrauterine ir- 
rigation in 22 patients with intractable early or late 
postpartum hemorrhage. 


Material and methods l 
Severe postpartum hemorrhage was defined accord- 


-ing to Hayashi et al.” when associated with (1) hypo- 


tension (a systolic or diastolic pressure drop of 30 mm 
Hg or more), (2) estimated blood loss of 1000 ml or 
more, (3) decrease in hemoglobin concentration of 3 
gm/dl or more without transfusion or a decrease of 2 
gm/d] with 500 ml blood transfusion. Twenty-two pa- 
tients with severe postpartum hemorrhage were en- 
tered into the study after genital tract injury and re- 


_tained placental fragments were ruled out. The pre- 


disposing factors for postpartum bleeding in these 
patients are shown in Table I. Twenty-one patients 
hemorrhaged as a result of uterine atony and one was 
bleeding 9 days post partum from subinvolution of the 
placental site. These patients did not respond to treat- 
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ment with oxytocin, methylergometrine, uterinie mas- 
sage, and bimanual compression: 

A Foley catheter was introduced into the uterine cav- 
ity and the balloon was inflated with 5 to 10 ml of sterile 


saline solution. In the case of late postpartum hemor- - 
rhage, the balloon was inflated to 3 ml only. The cath- `` 


eter was connected toan infusion line of 500 ml lactated 


Ringer’s solution containing 0. 75 mg PGE, (Prostin Es; >- 


Upjohn Ltd; Crawley,.U.K.) (ie., 1.5 pg/ml of PGE»). 
The solution was infused at the rate of 50 ml during 
the first 10 minutes. By this time adequate uterine rë- 
sponse was achieved and the rate of infusion was re- 


duced to 1 ml/min for a period of 12 to 18 hours. This i 


period was arbitrary to avoid possible repetition S 
bleeding. The mean’ rage of the patients:was 28.3 + 
years. Seven patients were primigravid and 15 were 


multiparous women. The mode of delivery was cesar- - ` 
ean section in nine cases and spontaneous vaginal birth’. 
in 13; two-cases among the dead fetus syndrome group’ 


were midtrimester abortions. 


‘Results 


In all cases cessation of- bleeding was evden within 
several minutes after initiation of therapy. The uterus - 


demonstrated forcible tetanic contractions, sometimes 
causing compression of the catheter’s balloon and re¢ 


duction of the infusion rate. None of Eme patients: ‘had 


any side effects. 
The patient with subinvolution of the slacenial site 


9 days post partum was admitted with profuse bleeding, 


profound shock, and estimated blood Joss of 1700 ml. 


Her hemoglobin decreased from 10.3 to 5.5 gm/dland ._ 
the hematocrit from 31% to 24%. On ultrasonographic , 


examination ‚the uterine cavity was without apparent 


placental . tissue. Because intravenous conventional *_ 
therapy with oxytocin arid ergomethrine maleate failed - 


to stop the bleeding, an intrauterine PGE, irifusion was 


started as a final step before operation. The effect of 


the PGE, medication was dramatic with an instanta- 
neous hemostasis that allowed rapid. restoration, of 


` blood volume and circulatory performance. The i intra- ` 


uterine PGE, infusion was continued for 18 hours; 
bleeding -did not recur during or after the infusion. 


Prompt oral estrogen medication was given for 14 days -> 


followed by combined estrogen-gestagen supplemen- 
tation’ for another 10 days with a normal withdrawal 
menstruation. ` i 


Comment l l 
-PGF,, and PGE, are physiologic stimulants of uterine 


contractions. The levels of PGE, and PGF., metabolites. 
reach the highest levels in the immediate postpartum - 


period.’ These -widely extended, naturally, occurring 
substances act at the site of their production. They are 
rapidly metabolized ‘in the circulation and inactivated 
in the lungs. Intravenous or intramuscular administra- 
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Table I. ‘Predisposing factors for severe 
Poteau hemorrhage i in 22 patients 





No. of patients 


Abruptio Sea: $ 

-Preeclampsia 

Disseminated | intravascular coagulopathy 
‘Placenta accreta 

-Dead fetus ‘syndrome _ 

Subinvolution of the uterus 
Chorioamnionitis 

Unknown 
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tion of PGF,, apparently i was not found effective in the 
management of severe postpartum hemorrhage from 
atony.t However, direct injection into the myometrium 
resulted in a dramatic reduction in bleeding within 3 


to 4 minutes. The effective uterine hemostasis was re- 


gardless of the preadministrative blood loss. Successful 
treatment with intravenous PGE, in a case of uncon- 
trollable , postpartum’ hemorrhage caused by uterine 
atony was reported.® However, the high dosage of 10 
to 20 g/min required’ by this route for hemostasis 
produces a significant increase in heart rate and stroke 
volume. Therefore in patients who already have col- 
lapsing vasculature, the intravenous treatment is a 


- rather ‘dangerous approach and should not be used 


before: ‘correction of the blood loss and satisfactory 


_ blood pressure control. 


Intramyometrial and intramuscular 15-methyl- 
PGF,,, an analog of PGF,,, was used to increase the 
potency and duration of uterine contraction in the 
management of uterine atony with intractable post- 
partum hemorrhage.** Intramuscular administration 
of prostaglandins remote from the target organ may 
cause a delay as long as 45 minutes in the initiation of 
hemostasis. Furthermore, the therapeutic response 
may be discontinuous or not maintained and may re- 
quire repeated injections. This limitation may be the 


` ‘cause for reported failures.” A relationship was noted 


between chorioamnionitis and therapy failure in the 


` intramuscular PGF;, analog therapy. 


It was therefore acceptable to expect a direct appli- 


cation of the drug to the uterus: itself. The intramyo- 
metrial i injection of prostaglandins has proved its effi- 


cacy. The disadvantage, however, lies in the necessity 
of injection of the drug transabdominally or trans- 
vaginally. As in intramuscular administration, the effect 
of the medication may be intermittent with recom- 


-mencément of bleeding that requires repeated injec- 
“tions. Both the intramuscular and intramyometrial ap- 
„plications of prostaglandins have side effects. One case 
“was. described with the successful use of PGE, vaginal 


suppositories for the treatment of severe postpartum 
hemorrhage? ` 
‘Our.approach to the management of uterine atony 
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with severe postpartum hemorrhage was derived from 
the well-established experience of induction of labor 

-by extraamniotic prostaglandin Fə or E instillation. 
The continuous irrigation of the uterine cavity with 
small amounts of PGE, comparable to the physiologic 
levels at delivery apparently causes an immediate and 
uninterrupted tetanic contraction of the uterine mus- 
culature manifesting hemostasis. This method of drug 
administration is more effective than other routes that 
require absorption or delivery of the drug to the uterus 
from a distant site. Moreover, the minute dosage and 
bypassing of the systemic circulation avoids potentially 
complicating side effects. The direct application of 
prostaglandin to the placental site is a particularly ef- 
ficient means to achieve myometrial tetany with occlu- 
sion of the afferent lacuna site arteries. The efficacy is 
apparent in cases with underlying chorioamnionitis or 
as a result of subinvolution of the placental site with 
late hemorrhage sequela. _ 

In conclusion, the continuous irrigation of the uter- 
ine cavity with a low concentration of PGE, presents a 
rapid and effective treatment of severe and uncon- 
trollable atonic postpartum hemorrhage. The quick 
uterine hemostasis is gained regardless of the patient’s 
hemodynamic condition, thus allowing its prompt cor- 
rection. This treatment does not cause any side effects. 
The achievement of an instantaneous hemostatic effect 
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in the case of subinvolution of the placental site with 
an uncontrollable hemorrhage bears a novel therapeu- 


` tic means in the management of this entity; until now 


most cases required operation. 
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Postpartum pulmonary embolus as an unusual cause of 


cortical blindness 


Robert J. Stiller, MD, Sylvie Leone-Tomaschoff, MD, Joseph Cuteri, MD, and 


Lawrence Beck, MD 
Bridgeport, Connecticut 


A pregnant patient was delivered by cesarean section with blindness occurring in the postoperative period. 
Diagnostic evaluation revealed the presence of massive pulmonary embolus associated with cardiogenic 
shock. The differential diagnosis of blindness during pregnancy is discussed. (Am J OBSTET GYNECOL 


1990;162:696-7.) 


Key words: Pulmonary embolus, cortical blindness 
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Cortical blindness has been occasionally reported in 
obstetric complications such as severe preeclampsia and 
cerebral vein thrombosis. To the best of our knowled ge, 
this disorder has not been reported to be associated 
with pulmonary embolus in the pregnant patient. We 
report a case in which cortical blindness was a major 


Volume 162 
Number 3 


signin a postpartum patient found to have a pulmonary 
embolus. A discussion of the pathogenesis of cortical 
blindness in the pregnant patient is presented. 


Case report 

A 22-year-old, Hispanic woman, gravida 2, para 0, 
was admitted for induction of labor after spontaneous 
rupture of membranes. She underwent a primary ce- 
sarean section while under epidural anesthesia after a 
failed induction of labor. Her immediate postoperative 
course was uneventful. On the second postoperative 
day, the patient was found unconscious in her room. 
The patient regained consciousness and complained of 
severe back and occipital pain. She then also com- 
plained that she could not see. On physical examination 


she appeared cyanotic and anxious (heart rate, 130. 


beats/min; blood pressure, 70 mm Hg/palpable;, res- 
pirations, 30/min). On neurologic examination, the pu- 
pils were equal and sluggishly reactive to light. There 
was no perception of light or movement. There was no 
evidence of paresis and no abnormal reflexes. The re- 
mainder of the physical examination appeared normal. 
The lungs were clear, and the heart had a regular rate 
and rhythm without audible murmurs. The abdomen 
was soft and no vaginal bleeding was noted. Extremities 
were not edematous and reflexes were normal. Oxygen 
was given by mask and initial arterial blood gas eval- 
uation showed pH 7.39, Pco, 30 mm Hg, Po, 200 mm 
Hg, and oxygen saturation 99%. Electrocardiogram 
showed sinus tachycardia and right axis deviation. A 


diagnosis of pulmonary embolus was considered, and’ 


ventilation-perfusion study revealed normal ventilation 
with multiple segmental perfusion defects in both lung 
fields unmatched by ventilatory or chest x-ray findings. 
Head computerized tomographic scan was reported as 
normal. Approximately 90 minutes after the initial 
event, the patient noted that her sight had returned. 
A diagnosis of massive pulmonary embolus was made 
and the patient was begun on a regimen of intravenous 
heparin. Pulmonary artery catheter inserted before 
heparinization revealed findings consistent with car- 
diogenic shock with a cardiac output of 2.6 L/min. 
Pulmonary artery pressure was elevated (41/20 mm 
Hg) with a normal pulmonary artery wedge pressure 
(9 mm Hg). Subsequently, the patient improved and 
was discharged on the fifteenth hospital day to continue 
with oral anticoagulants for 3 months. 
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Comment 


The reported causes of blindness during pregnancy 
include vasospasm or occlusion of the optic arteries, 
retinal edema and/or detachment, and cortical blind- 
ness. The diagnosis of cortical blindness is character- 
ized by blindness in patients with normal responses to 
light and normal ophthalmoscopic findings.’ It is hy- 
pothesized that occipital poles of the cerebral cortex 
are more sensitive to generalized hypoxia because of 
their more distant location from the middle and pos- 
terior cerebral arteries. If hypoxia is severe or pro- 
longed, there may be irreversible damage to the cortex 
and vision may not return. In less profound cases, full 
or partial recovery may occur. Although hypoxia is gen- 
erally considered to be the most common etiologic fac- 
tor in the development of cortical blindness, other di- 
verse causes include trauma, meningitis, carbon mon- 
oxide, poisoning, neoplasm, embolism, and migraine. 
Cortical blindness during pregnancy usually has been 
associated with either severe preeclampsia or cerebral 
venous thrombosis.* While the presenting signs of se- 
vere preeclampsia are well known to obstetricians, the 
diagnosis of cerebral vein thrombosis is usually char- 
acterized by headaches, convulsions, and focal neuro- 
logic signs. 

We hypothesize that the cardiogenic shock associated 
with massive pulmonary embolus in our patient did not 
permit adequate perfusion of the occipital poles, lead- 
ing to transient cortical blindness. Therefore in the 
absence of signs of preeclampsia or cerebral venous 
thrombosis the possibility of cardiogenic shock that is 
secondary to pulmonary embolus should be considered 
in the evaluation of the pregnant or postoperative 
woman with cortical blindness. 
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Antepartum heart rate patterns in small-for-gestational-age 
third-trimester fetuses: Correlations with blood gas values 


obtained at cordocentesis 


G. H. A. Visser, MD, G. Sadovsky, MD, and K. H. Nicolaides, MD, 


London, England 


Antepartum fetal heart rate records were made immediately before cordocentesis and blood gas analysis 
in 58 small- and 29 appropriate-for-gestational-age fetuses at 27 to 38 weeks’ gestation. All 
appropriate-for-gestational-age fetuses had blood Po, and pH values within the normal ranges for 
gestation, and in 27 of 29 cases the heart rate pattern was reactive; in two it was nonreactive. Abnormal 
heart rate patterns were present in 15 of the 19 small-for-gestational-age fetuses that were found to be 
hypoxemic, acidemic, or both. The abnormalities included decreased baseline variation, absence of 
accelerations, presence of decelerations, and increased baseline heart rate. A repetitive decelerative 
pattern best identified the hypoxemic fetuses. Fetal Po, values in the lower normal range, present in many 
of the small-for-gestational-age fetuses, were in general associated with a reactive fetal heart rate pattern. 


(Am J OBsTET GYNECOL 1990;162:698-703.) 


Key words: Fetal heart rate monitoring, cordocentesis, fetal blood gases, fetal hypoxemia, 


small for gestational age 


Antepartum fetal heart rate (FHR) monitoring is 
widely used to assess the fetal condition. Studies cor- 
relating antepartum FHR patterns with cord blood gas 
results at elective cesarean section have demonstrated 
that decelerative patterns are associated with fetal hy- 
poxemia."* Furthermore, “terminal” FHR patterns, 
with absence of heart rate variability and the presence 
of decelerations after every Braxton Hicks contraction, 
are associated with fetal acidemia.** 

Cordocentesis has now made it possible to measure 
fetal blood gases in utero,*® thus avoiding possible ef- 
fects of anesthesia and surgery. We have previously 
reported on FHR patterns in normoxemic, hypoxemic, 
and anemic fetuses at 20 to 26 weeks’ gestation.’ In this 
article we describe the relationship between FHR pat- 
terns and blood gases in appropriate- (AGA) and in 
small-for-gestational-age (SGA) ies between 27 
weeks and term. 


Patients and methods 


Fetal heart rate monitoring was performed imme- 
diately before cordocentesis on 96 occasions in 87 pa- 
tients at 27 to 38 weeks’ gestation and the blood samples 


From the Harris Birthright Research Centre for Fetal Medicine, De- 
partment of Obstetrics and Gynaecology, King’s College School of 
Medicine and Dentistry. 

Received for publication March 24, 1989; revised August 17, 1989; 
accepted November 3, 1989. 

Reprint rqeuests: K. H. Nicolaides, MD, Harris Birthright Centre 

. for Fetal Medicine, Department of Obstetrics and Gynaecology, 
King’s College School of Medicine and Dentistry, Denmark Hill, 
London, England SES 8RX. 

6/1/18009 


698 


were analyzed for pH and Poy. The FHR records were 
taken between 10 am and 6 pm with the patient in a 
semirecumbent position. Recordings were made at a 
paper speed of 1 cm/min (Hewlett-Packard cardioto- 
cograph model 8041A, Boblingen, West Germany). 
The duration of recording was 30 to 60 minutes; in 
cases of nonreactive or decelerative patterns the re- 
cording time was always extended to 60 minutes. 

Cordocentesis was performed as an outpatient pro- 
cedure without maternal fasting and sedation, or fetal 
paralysis. The umbilical cord vessel was identified as 
artery (n = 17) or vein (n = 79) by the ultrasonograph- 
ically detected turbulence produced after the intravas- 
cular injection of 200 to 400 yl of normal saline solu- 
tion.’ Fetal blood (200 pl) was collected into heparinized 
syringes and blood gas analysis was performed with a 
Radiometer ABL 330 blood gas analyzer (Copenhagen, 
Denmark). The temperature at which the blood gases 
were measured was 37° C; this is similar to the tem- 
perature of fetal subcutaneous tissues.* 

Blood oxygen tension in both the umbilical artery 
and vein decreases with gestation in normal fetuses.® 
Therefore the individual Po, values obtained in this 
study were expressed as the number of standard de- 
viations by which the values differed from the normal 
mean for gestation for the appropriate vessel sampled.’ 
Umbilical venous and arterial pH do not change with 
gestation and therefore acidemia was defined as a pH 
>2 SD below the mean (normal range for the umbilical 
artery, 7.33 + 0.07 [2 SD] and for umbilical vein, 
7.38 + 0.07 [2 SD]).° 

The fetuses were divided into two groups. In the 
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AGA SGA] [AGA SGA] R NREPR NR 
Non Isolated Repetitive 
Reactive Reactive Decelerative] i Decelerative fI Terminal 


Fig. 1. Relationship between antepartum FHR patterns and fetal blood A Pos. The isolated and 
repetitive deceleration patterns were subclassified as reactive (R) or nonreactive (NR). Appropriate 
and SGA fetuses are indicated by à and ®, respectively. The open symbol relates to pregnancies of 
27 to 32 weeks’ gestation and the closed symbol to pregnancies of 33 to 38 weeks’ gestation. The asterisk 


indicates acidemic cases (pH > 2 SD below mean). ' 


Table I. Relationship between the different fetal heart rate patterns and presence or absence of 
hypoxemia (A Po, < 2 SD below mean) or acidemia (A pH < 2 SD below mean) in 67 traces from 58 


SGA fetuses i 











Fetal blood Po, and pH 










FHR paitern 





Reactive 45 4] 
Nonreactive 5 3 
Isolated decelerations 3 2 
Repetitive decelerations 13° 2 
Terminal 1 — 
Total 67 48 


Hypoxemia and/or 






Hypoxemia Acidemia acidemia 
4 — 4 
I } 2 
1 — l 
9 8 1] 
l 1 l 
16 10 19 








AGA group cordocentesis was performed for prenatal 
diagnosis (n = 29). The indications were karyotyping 
in malformed fetuses (unilateral or minor bilateral 
renal abnormalities, n = 15; diaphragmatic hernia, 
n = 2; duodenal atresia, n = 1; talipes, n = 1; exom- 
phalos, n = 1) or polyhydramnios (n = 2); fetal blood 
grouping because of disputed paternity (n = 1); and 
measurement of fetal platelet count in cases of alloim- 
mune or idiopathic thrombocytopenia (n = 6). Cases 
with oligohydramnios, fetal hydrops, fetal cardiac or 
chromosomal defects were excluded from this group. 

The second group was comprised of SGA fetuses 


with a fetal abdominal circumference >2 SD below the 
normal mean for gestation (n = 67). All these cases had 
a normal -karyotype and no malformations. The am- 
niotic fluid volume was subjectively assessed by ultra- 
sonography as normal in 20 cases, and reduced in 47; 
in 28 of the latter cases there was oligohydramnios. 

The FHR traces were examined by an observer 
(G. H. A. V.) who was unaware of the indications for 
fetal blood sampling and of the pH and blood gas re- 
sults. The FHR records were classified as reactive, non- 
reactive, flat, decelerative, or terminal. 

A reactive trace was one in which there were two or 
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Fig. 2. Examples of repetitive decelerative FHR patterns. Cases a and b were moderately hypoxemic 
(PO, = 2.5 SD below mean), case ¢ was severely hypoxemic (PO, = 4.2 SD below mean), and case d 
was severely hypoxemic (PO, = 4.5 SD below mean) and moderately acidemic (umbilical vein 
pH = 7.20). Paper speed was | cm/min. The vertical bars indicate fetal movement as felt by the 


mother. 


more accelerations (amplitude =10 beats/min and du- 
ration =15 seconds) in a period of =30 minutes at =36 
weeks’ gestation or =40 minutes after 36 weeks; there 
were no decelerations. 

A nonreactive trace was one in which there was an 
oscillation amplitude of >5 beats/min but less than two 
accelerations in a period of =30 minutes at =36 weeks’ 
gestation or =40 minutes after 36 weeks; there were 
no decelerations. ; 

A flat trace was one in which the oscillation amplitude 
was <5 beats/min, with less than two accelerations and 
no decelerations. 

Decelerative traces were either repetitive, if there was 
more than one, or isolated, if there was only one de- 


celeration. The decelerations considered to be signifi- 
cant were the U-shaped “late” decelerations after Brax- 
ton Hicks contractions, and the V-shaped “variable” 
decelerations that were not necessarily related to an- 
tepartum contractions. All late decelerations with a 
decrease from the baseline of =10 beats/min were 
included. Variable decelerations were defined as a 
decrease from the baseline of 220 beats/min last- 
ing =60 seconds. The decelerative traces were subdi- 
vided into a reactive subgroup (baseline variability >5 
beats/min, =2 accelerations, or both) and a nonreactive 
subgroup (baseline variability =5 beats/min and no ac- 
celerations). 

The terminal FHR pattern was defined as being com- 
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Table II. Relationship. between the different components of the FHR pattern and 3 presence or absence of 







hypoxemia or acidemia i in 67 traces from 58 SGA: fetuses*-. 


Components of FHR P 


pattern 

Accelerations : : 7 a8 

- Present an ` 48 41 (85%) 
Absent > 19 7 = 

Baseline variation aas eee Pe 
>5 beats/min . 7 58 47 (81%) ..° 
<5 beats/min ` 9 bags? af 

Decelerations. Len oe 
Absent 50 44 (88%) 
Present, E ap My a A 

Heart rate y l SAR- 
<150 beats/min ` 52 42 (81%) ` 

16. 


>150 beats/min ` 15 












Fetal blood Po, and pH 


Hypoxemia andlor 
acidemia 





6 2 7 
10 - 8 , 12 (63%) 
DE 4 ll 

go: 6 8 (89%) 
+ ae 1 6 

n 9 13 (76%) 

ga > 5 10 

7° 5 9 (60%) 


*The negative and positive predictive values are in parentheses. `- 


. pletely flat with late decelerations ad each Braxton 


Hicks contraction. 


This classification was based on previously published 7 
reports. *’ Modifications were made to consider fetal. - 


rest-activity cycles and a gestational age effect on. FHR 


patterns.’ Because accelerations > 15 beats/min‘are not 
a consistent phenomenon in normal pregnancies of. ` 


<36 weeks,” the presence of accelerations.of at least 10 


‘beats/min was-considered to indicate a reactive pattern.. i 


Results _ na BS 
The blood Po, and pH values were within the normal 


ranges’ for gestation in all AGA fetuses (Fig. 1). The ` ` 
fetal heart rate- ‘patterns were either reactive (n = = 27), - 


or nonreactive (n = 2). Both nonreactive traces “were 


from fetuses <33 weeks’ gestation and a change from’. 
nonreactive to reactive patterns. occurred after 40 arid - 


50 minutes of recording, respectively, in both. 


In the SGA group; 45 records were classified ‘as re- ` 


active, five as nonreactive, three as isolated decelerative, 
13 as repetitive decelerative, and one as “terminal” 


(Table I). There were no cases with a flat trace. In'4Iv 


of 45 cases with a reactive FHR trace; the Po, value was 
in thie (lower) normal range for gestation. Four fetuses 


were hypoxemic with a Po, >2 SD below the normal 


mean for gestation; this group included three of the 
- 10 cases in which an arterial and one of 35 in which a 
venous sample had been taken. In none of the cases 


with a reactive FHR trace was the. fetus found ‘to be — 


acidemic. Of the five cases with a: nonreactive FHR 


pattern, one was hypoxemic and one acidemic (ambil- Be es 
7.29; Fig. 1). In the latter case the non: `. 
reactive pattern continued for the entire 60 minutes, of z 


ical vein pH = 


recording; in the other four cases a- change from non- 


reactive to reactive occurred after 40 to 55 minutes of 


recording. 


All three records, vile an isolated deceleration were 


reactive, with a baseliné variation >5 beats/min. In 


one case there were accelerations; this was the only 
hypoxemic fetus in this subgroup. Nong of these three 
cases were acidemic. , 

Of the 13 fetuses with repetitive decelerative patterns 


' (Fig. 2), 11 were hypoxemic, acidemic, or both (Table 
: E Fig. 1). The other two fetuses had Po, values in the 


lower normal.range (1.5 and 2 SD below the normal 


. mean for gestation, respectively). The lowest Po, values 
“ were found in the nonreactive subgroup. In the reactive 


subgroup all records had a baseline variability >5 


_ beats/min and in two cases accelerations were present; 


however, both fetuses. were hypoxemic, acidemic, or 


‘both. With a repetitive decelerative pattern acidemia 
_was mild or moderate with umbilical vein pH ranging 


from 7.20 to 7.31. In contrast, the fetus with a terminal 
FHR pattern was severely acidemic (umbilical vein 


- pH =.6.90). Variable decelerations were observed in 


only three of the 16 records that were classified as de- 
celerative. Two of these fetuses were hypoxemic and 
none weré acidemic. 

When the FHR pattern was classified as reactive’ 


(n = 45) or otherwise (n = 22) the sensitivity and spec- 
i ificity for the detection of normal (within 2 SDs of the 
‘appropriate mean for gestation) and abnormal (>2 SDs 


below the mean), blood gases and pH values were 79% 


- and: 85%, respectively, and the positive and negative 


predictive values were 68% and 91%, respectively. In 


l Table II the different components of the FHR pattern 
~. àre related to the data obtained at cordocentesis. The 


negative predictivé value of the individual components 
varied’ from 81% to 88% and the positive predictive 


Be value from 60% to 89%. This also included FHR itself, 
` which tended to be mildly increased (>150 beats/min) 
- in cases of hypoxemia or acidemia (Table II; x? = 7.62, 


p< 0.01). A mean rate >160 beats/min was only ob- 
served in.four cases, three of which were hypoxemic, 


_acidemic, or both. 


- The predictive value of antepartum FHR patterns 
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with respect to Po, and pH values was not different in 
fetuses studied at 27 to 32 weeks compared with older 
fetuses (Fig. 1). Although there were more fetuses with 
abnormal FHR patterns in ‘the former group, the in- 
cidence of abnormal blood gases was also higher. 


Comment 


This study demonstrates that moderate to severe fe- 
tal hypoxemia, acidemia, or both are associated with 
changes in the FHR pattern. However, a fetal Po, value 
in the lower normal range, found in many of the SGA 
fetuses, is in general associated with a “normal” reactive 
FHR pattern. This indicates that changes in FHR pat- 
tern coincide with the occurrence of hypoxemia or ac- 
idemia. The lack of identification of fetuses with a Po, 
value in the lower normal range indicates that ante- 
partum FHR monitoring is not a reliable screening 
method for a forthcoming impairment. 

These data substantiate the findings of earlier studies 
in which antepartum FHR patterns were related to cord 
blood gases obtained after elective cesarean section. In 
those studies it was also found that the Po, value tends 
to be within the (lower) normal range in SGA fetuses 

-with a normal FHR pattern,’ whereas with decelera- 
tions hypoxemia and sometimes mild acidemia are 
present.'? A “terminal” FHR pattern is associated with 
moderate to severe acidemia.” * 

With a reactive FHR pattern none of the SGA fetuses 
were acidemic, but four were hypoxemic (Po, >2 SD 
below the normal mean). Because the samples in these 
cases were predominantly arterial (artery, 3/10; vein, 
1/35) it could be postulated that the hypoxemia was 
corrected through a single passage in the placenta and 
that therefore there was no venous hypoxemia to be de- 
tected by the chemoreceptors. Another possibility is that 
sampling from the umbilical artery might induce a vaso- 
spasm and therefore provide less reliable blood gas 
data. Retrospective reanalysis of the reactive FHR pat- 
terns and a change of the criterion of reactivity (acceler- 
ations >15 beats/min instead of > 10 beats/min) did not 
improve the predictive value and only increased the 
number of false-positive tests. Because all reactive rec- 
ords had a baseline variability of >5 beats/min, inclusion 
of this criterion did not improve the diagnostic value. 

The implications of a nonreactive FHR record are 
unclear. If there is a spontaneous change to reactivity 
(within 30 minutes before 36 weeks or 40 minutes after 
36 weeks), then the most likely explanation is that the 
nonreactive period is part of the rest-activity cycle and 
thus without adverse implications.® Although longer 
periods of nonreactivity may be a variant of this normal 
rest-activity cycle (flat traces of up to 80 minutes have 
been found in normal pregnancies), they may also be 
indicative of fetal brain damage or asphyxia.’°!? The 
latter is demonstrated in this study: two of five SGA 
fetuses with a prolonged nonreactive pattern were hyp- 
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oxemic or acidemic. In the only acidemic fetus in this 
subgroup there was no change to a reactive pattern 
during the entire hour of recording; this suggests that 


. there is absence of cyclic variations in FHR in acidemia. 


However, a larger number of cases with longer dura- 
tions of recording are necessary before this can be sub- 
stantiated. The large variation in blood gas results 
within the group with a nonreactive FHR pattern sug- 
gests that a nonreactive FHR pattern would require 
investigation by further FHR recordings or other tech- 
niques, such as Doppler ultrasonography or cordocen- 
tesis, to determine the actual fetal condition. 

With a repetitive decelerative FHR pattern, most fe- 
tuses were hypoxemic, acidemic, or both, whereas with 
isolated decelerations, two of the three fetuses had nor- 
mal blood gas results. These data are compatible with 


‘the findings that with a repetitive decelerative FHR 


pattern asphyxia during labor is invariable, whereas 
with an isolated antepartum deceleration, the majority 
of fetuses withstand the stress of labor.* Therefore the 
finding of an isolated antepartum FHR deceleration 
requires further investigation. 

There were accelerations in only two of the 13 rec- 
ords with repetitive decelerations and most records had 
a baseline variation <5 beats/min. This indicates that 
heart rate variation decreases and that accelerations 
disappear with the occurrence of decelerations. It has 
been shown in both a cross-sectional and a longitudinal 
study in which FHR patterns were assessed numerically 
that heart rate variation falls below the norm at about 
the same time as decelerations occur." '* Table I shows 
that the predictive value of the different components 
of the FHR pattern are almost the same, which also 
suggests time-related changes. With a repetitive de- 
celerative trace most fetuses were hypoxemic, acidemic, 
or both. Although in this study we did not measure 
fetal blood oxygen saturation, it is possible that differ- 
ences in this measurement would have been greater 
than those in Po, between. fetuses with normal and 
those with decelerative FHR patterns. 

When should the SGA fetus be delivered? It may be 
inadvisable to await the development. of FHR decel- 
erations before delivery is undertaken because the neu- 
rologic outcome of such fetuses is poorer than that of 
SGA fetuses without decelerations.'* However, at pres- 
ent there is no reliable method to identify those fetuses 
that would develop FHR decelerations or the time 
course of this event. Although unselected premature 
delivery of all SGA fetuses with nondecelerative FHR 
patterns may reduce the risk of intrauterine brain dam- 
age, the substantial rise in prematurity-related mortal- 
ity or morbidity may limit such an approach. 
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Fetal assessment based on fetal biophysical profile scoring 


IV. An analysis of perinatal morbidity and mortality 


F. A. Manning, MD, C. R. Harman, MD, I. Morrison, MD, S. M. Menticoglou, MD, 


I. R. Lange, MD, and J. M. Johnson, MD 
Winnipeg, Manitoba, Canada 


The relationship between the last biophysical profile score result and perinatal outcome was determined 
among a large referred population of high-risk pregnancies. A highly significant inverse linear correlation 
was observed for fetal distress, admission to neonatal intensive care unit, intrauterine growth retardation, 
5-minute Apgar score <7, and umbilical cord pH <7.20 but not for the incidence of meconium or major 
anomaly. A highly significant inverse exponential (log 10) relationship was observed for perinatal mortality 
in total and by component parts and cause. These data strongly suggest the biophysical profile scoring 
method of fetal risk assessment is accurate and also provides insight into the extent of fetal compromise. 


(Am J Osster GYNECOL 1990;162:703-9.) 


Key words: Biophysical profile score, perinatal morbidity, perinatal mortality 


As in the past, the art of obstetrics currently remains 
essentially the weighing and balancing of relative risks, 
culminating in a clinical management strategy. This bal- 
ancing equation, viewed from the perinatal perspective, 
must consider the risk of death (stillbirth) or damage 
in utero against the risk of death or damage as a result 
of iatrogenic prematurity and against the attendant ma- 
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ternal risks that are known to rise with interventional 
measures. The clinical equation must be further inter- 
preted within the context of prevalence of disease 
within the perinatal population and the progression 
and variation in maternal risk factors. The dramatic 
and ongoing improvements in neonatal care that have 
resulted in a decline in neonatal mortality rates have 
had a profound impact on this clinical equation be- 
cause intact survival may be anticipated at even earlier 
gestational ages. The advent of methods for monitor- 
ing of fetal biophysical activities and responses to stress 
in utero offer further means of refinement of relative 
perinatal risk. It follows that if such tests are to be used 
in clinical management decisions, their parameters of 
predictive accuracy of the methods must be defined. 
The purpose of this prospective clinical study was to 
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Fig. 1. Relationship between perinatal morbidity measured by 
five outcome variables and last biophysical profile scoring re- 
sult before delivery. A significant inverse linear correlation is 
observed for each variable. f 


determine the relationship (if any) between last fetal 
biophysical profile score’? and markers of perinatal 
morbidity and mortality among referred high-risk ob- 
stetric patients. 


Method 


Since August 1979 fetal biophysical profile scoring 
has been the principle and almost exclusive method of 
antepartum fetal risk assessment at the teaching hos- 
pitals of the University of Manitoba. Patients entered 
into this program are all referred, usually by a con- 
sultant obstetrician, because of the presence of one or 
more recognized high-risk factors; the distribution of 
risk factors in this study population has been reported 
previously. Fetal biophysical profile scoring is done se- 
rially by a cadre of trained perinatal nurses (n = 13) 
supervised by staff perinatologists (n = 4). The criteria 
for interpretation and scoring of fetal biophysical vari- 
ables have also been previously reported.? Annotation 
of fetal morphometric values, anatomy, and umbilical 
cord position is included with each assessment. Since 
the inception of the program two modifications of the 
biophysical profile scoring method have been intro- 
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duced. In 1983 the definition of oligohydramnios was 
made less stringent and was defined as the largest 
pocket of fluid <2 cm in its largest vertical axis.* In 
1984 the routine nonstress test was eliminated for those 
patients in whom all dynamic ultrasound-monitored 
variables were normal (yielding an additional normal 
score category of 8 of 8).* 

Recommended perinatal management was based on 
the results of the biophysical profile scoring as inter- 
preted within the overall clinical context of each indi- 
vidual case according to previously published criteria.’ 
A normal score, defined as a biophysical profile score 
of 28, including normal amniotic fluid volume, was 
considered to indicate a nonasphyxiated fetus, and in 
such cases any indications for expedited delivery were 
confined to other fetal, maternal, or obstetric factors. 
A single equivocal test (biophysical profile scoring = 6) 
was considered an indication for delivery of the mature 
fetus (>36 weeks) and for repeat testing within 24 
hours in the immature (<36 weeks) fetus; a persistent 
equivocal or deteriorating score was considered an in- 
dication for intervention. A biophysical profile score of 
4 was considered an indication for delivery of fetus of 
32 weeks’ or greater gestation and an indication for 
repeat testing in the fetus at less than 32 weeks; a per- 
sistent score of 6 or less was considered an indication 
for delivery. Oligohydramnios, in the presence of intact 
membranes and an intact fetal genitourinary tract, was 
a strong modifying factor of recommended manage- 
ment in the fetus with an equivocal or abnormal score 
and even in the fetus in whom all other biophysical 
variables were normal (see Table II). A persistent score 
of 2 or less was always considered an indication for 


` urgent intervention provided that extrauterine survival 


was possible. 

Recommended management in the known anoma- 
lous fetus was varied according to the prognosis of the 
lesion.> Management of the alloimmunized anemic fe- 
tus with an abnormal score also varied because intra- 
uterine transfusion was usually considered an alter- 
native to delivery in the immature fetus.’ In all instances 
when delivery was recommended on the basis of bio- 
physical profile scoring, a trial of vaginal delivery was 
attempted unless otherwise contraindicated. 

In a study period of 88 months (September 1979 
through December 31, 1987) 65,627 fetal biophysical 
profile scoring results were compiled among 26,780 
referred high-risk fetuses (including 223 multiple preg- 
nancies). Within this population all fetuses with a last 
score of 6 or less were identified, and obstetric and 
neonatal records were requested for manual review to 
determine perinatal mortality and morbidity compli- 
cations. Perinatal morbidity complications among fe- 
tuses with a last biophysical profile scoring result that 
was normal within 1 week of delivery were determined 
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Table I. Last biophysical profile scoring result and normal perinatal outcome variable 














Last biophysical profile scoring result 











No. of patients 6500 512 228 
Fetal distress (%) 12.8 24.37 58.1 
Admission to neonatal in- 4 11.4} 28.8 
tensive care unit (%) - 

IUGR (%) 3.4 4.4 28.8 
5 min Apgar score <7 (%) 3.7 11.47 187 
pH recorded (%) 4 14 27 
Cord pH <7.20: (%) 2.2 14.5+ 267 
Mean pH 7.36 7.34 7.267 
Meconium (%) 8.7 20.37 23.4 
Anomaly (%) 3.7 3.8 4.1 


117 28 
66.7 1007 0.9670 <0.003 
40.2 837 0.90 <0.01 
41 75 0.92 <0.01 
30.8f 60.77 0.89 <0.02 
26.5 53.6 0.98 <0.001 
32.3 407 0.98 <0.002 
7.22 7.17} 0.97 <0.01 
19.7 214 — NS 
4.3 14.37 a NS 





*Calculated as linear regression of y or x is outcome variable. 
Significant increase compared with next highest score. 
Not a complete sample of all patients. 


Table II. Distribution of indices of abnormal outcome by abnormal test score 














No. of fetuses : 512 
Abnormal outcome (%) 40.82 
All variables abnormal (%) 2 
4 of 5 variables abnormal (%) 2 
3 of 5 variables abnormal (%) 4 
2 of 5 variables abnormal (%) 52 
1 of 5 variables abnormal (%) 40 
Single variable* 
Fetal distress only 52.6 
IUGR only 15.8 
5 min Apgar score <7 only 15.8 
Neonatal intensive care unit 10.5 
admission only 
Cord pH <7.20 only 5.3 





Last test score 


228 117 28 
63.6 73 100 
10.3 30.5 53.6 
12.4 11.8 14.3 
11.7 20 17.9 
29.6 16.5 14.3 
35.8 21.2 7.1 
78.8 77.8 100 
15.4 16.7 0 
0 0 0 
5.8 5.5 0 
0 0 0 





*Distribution when only one single abnormal outcome variable was recorded. 


by computer analysis of stored data in a sample of 6500 
patients. The perinatal mortality rate within 1 week of 
a last normal score was derived from 12,307 fetuses 
„previously reported.? Eight variables of perinatal out- 
come were noted: 

1, Fetal distress in labor, defined by the presence of 
periodic fetal heart rate decelerations of which the 
patterns, repetitive frequency,. and magnitude 
prompted foreshortening of labor by operative 
intervention by either forceps or cesarean section 

2. Abnormal 5-minute Apgar score, defined by a 
score of <7 and as determined by one indepen- 
dent observer, usually a neonatologist or anesthe- 
tist and often both l e 

3. Abnormal umbilical vein pH, defined by a pH 
<7.20 in venous blood obtained at delivery by a 

' double-clamp technique. These data were further 
analyzed by frequency of occurrence and by mean 
pH calculated from hydrogen ion concentration 


. Intrauterine growth retardation (IUGR), defined 


by a birth weight <10th percentile for gestational 
age and sex as derived from the birth weight 
distribution curves for this specific population. 
Among stillborn infants if delivery occurred <48 
hours after death, a diagnosis of IUGR was as- 
signed if the ultrasound-derived fetal biometric 
data were less than the 10th percentile for ges- 
tational age at the last observation before death 


. Admission to a neonatal intensive care unit, de- 


fined by admission for not <24 hours and for 
reasons either unrelated to or in addition to pre- 
maturity. The decision to admit an infant to a 
neonatal intensive care unit was the exclusive 
jurisdiction of the neonatologist 


. The presence of meconium staining of amniotic 


fluid 


. The presence of major structural anomaly 
. Perinatal mortality defined as death of a fetus of 
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10 


Major anomaly 
A A 














6 4 2 (0) 
(n=6500) (n=512) (n=228) (n=117) (n=28) 


Normal 


Last BPS score before delivery 


Fig. 2. The relationship between any perinatal morbidity, de- 
fined by the presence of either fetal distress, admission to 
neonatal intensive care unit, IUGR, 5-minute Apgar score <7, 
and umbilical vein pH <7.20, either alone or in any combi- 
nation. A highly significant inverse linear correlation is ob- 
served. In contrast, no relationship between meconium stain- 
ing of amniotic fluid or the presence of major anomaly was 
observed. , 


at least 500 gm and neonatal death up to the 
twenty-eighth day of life. Perinatal mortality was 
further subdivided according to the time of death 
(stillborn or neonatal death) and the presumed 
cause. A corrected perinatal death was defined as 
death as a result of factors other than develop- 
mental anomaly 
Statistical analysis of data was done by nonparametric 
methods with either x’ or Fisher exact tests. Significance 
was defined by a p value of <0.05. Linear and curvi- 
linear regression analysis was by standard methodology. 
Correlation coefficients were calculated by a least- 
squares method. 


Results 


Among 26,780 fetuses studied, 913 (3.41%) infants _ 


delivered after a last biophysical profile scoring result 
that was 6 or less, of which 532 (1.99%) had a last score 
of 6; 234 had a last score of 4 (0.87%); 119 had a last 
score of 2 (0.44%); and 28 (0.1%) had a last score of 
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Fig. 3. Relationship between perinatal mortality, either total 
or corrected for major anomaly, and the last biophysical profile 
scoring result. This relationship is exponential and yields a 
highly significant inverse correlation with logy) conversion. 


0. Detailed follow-up was available for 512 of 532 pa- 
tients with a last score of 6 (96.24%), 228 of 234 with 
a last score of 4 (97.44%), 117 of 119 with a last score 
of 2 (98.32%), and all 28 patients with a last score of 0 
(100%). 

Five outcome variables demonstrated an inverse lin- 
ear relationship to last test score; in rank order by slope 
these were fetal distress, admission to neonatal inten- 
sive care unit, IUGR, 5 minute-Apgar score <7, and 
cord pH <7.20 (Fig 1). For each of these five variables 
the correlation coefficients ranged from 0.98 (percent 
with cord pH <7.20) to 0.89 (percent with 5-minute 
Apgar score <7) and were always significant (p < 0.05) 
(Table I). The increase in frequency for each variable 
between the normal and equivocal test, the equivocal 
and the abnormal (score = 4 or 2), and the abnor- 
mal and the very abnormal test was highly significant 
(p < 0.01, x? analysis) (Table I). For each of these vari- 
ables the observed rise in frequency between a score of 
4 and a score of 2 was not statistically significant. Mean 
pH, calculated from hydrogen ion correlation, was 7.36 
for the normal score, 7.34 for the equivocal score (NS), 
7.26 for a score of 4 (p < 0.05, ¢ test), 7.22 for a score 
of 2 (NS compared with a score of 4), and 7.17 fora 
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Table III. Perinatal mortality by last biophysical profile score result 








Last biophysical profile score 








Normal 


No. of fetuses 12,307 512 
No. of stillbirths f 23 3 
Stillbirth rate’ 1.86 
Corrected no. of stillbirths 17 2 
Corrected stillbirth rate 1.38 . 3.90 
No. of neonatal deaths 25 6 
Neonatal death rate 2.03 
Corrected no. of neonatal deaths 2 3 
Corrected neonatal death rate 0.162 

No. of perinatal deaths 48 9 
Perinatal mortality rate 3.90 
Corrected no. of perinatal deaths 19 5 
Corrected perinatal mortality rate 1.54 


5.85T 


11.77 
5.857 
17.5¢ 


9.767 


228 117 28 — — 

4 lI 11 

17.5ł 94.0t 392.8 0.988 <0.0005 
4 6 5 

17.5 51.3 178.5 0.988 <0.005 

10 6 3 

43.87 51.37 107+ 0.988 <0.005 
2 5 3 
8.8 437 107+ 0.988 <0.005 

14 17 14 

61.47 145 500F 0.98 <0.005 
6 il 8 

26.3 94+ 285.74 0.988 <0.005 





*Calculated from log 10 y or x where y is outcome variable. 
tp < 0.05, compared with next highest score. 


score of 0 (p < 0.05, ¢ test). Mean pH demonstrated 
an inverse linear relationship to last biophysical pro- 
file scoring result with a correlation coefficient of 0.97 
(p < 0.01) (Table I). The incidence of meconium stain- 
ing was significantly less among patients with last nor- 
mal score (p < 0.01, x°), but there was no relationship 
between this variable and a deteriorating biophysical 
profile scoring result (Fig. 2). The frequency of fetal 
anomaly was unrelated to the biophysical profile scor- 
ing result except among patients with a score of 0 in 
whom a significant increase in anomalies was recorded 
(p < 0.05, Fisher exact test) (Fig. 2). 

Among individual live-born fetuses in whom the last 
biophysical profile scoring result was not normal 
(score < 6), the occurrence of each of the outcome vari- 
ables exclusive of mortality increased as the test score 
decreased (Table II). Fetuses with an equivocal last test 
exhibited only one abnormal outcome variable present 
in 40.82% of cases and all of the abnormal outcome 
variables present in only 2% of cases. In contrast, 
among fetuses with a last score of 0, a single abnormal 
outcome variable was present in 7.1% of cases, whereas 
all outcome variables were abnormal in 53.6% of cases. 
Distribution by the number of abnormal outcome vari- 
ables for fetuses with a last score of 4 or 2 yielded 
intermediate values. Among all fetuses in whom only 
a single abnormal outcome variable was recorded, the 
most commonly observed single marker was fetal dis- 
tress and the least common was an umbilical vein pH 
<7.20 (Table II). The overall frequency of at least one 
abnormal outcome marker demonstrated an inverse 
linear relationship with last biophysical profile scoring 
result and yielded a highly significant correlation 
(R = 0.983, p < 0.001) (Fig. 2). The presence of a least 
one marker of abnormal outcome rose significantly be- 
tween a normal and equivocal, an equivocal and ab- 


normal, and an abnormal and very abnormal score, 
respectively, but not between a score of 4 and 2 
(Fig. 2). 

Perinatal mortality, both by gross and corrected cat- 
egory and by gross and corrected stillbirth and neonatal 
category, demonstrated an inverse exponential rela- 
tionship with the last test score before delivery (Fig. 3). 
For each of these categories the curvilinear correlation 
coefficient exceeded 0.98 and was highly significant 
(Table III). The comparative increase in mortality for 
each category rose significantly as score fell except for 
the corrected stillbirth rate between a normal score and 
an equivocal score and between the corrected neonatal 
death rate between an equivocal score and a biophysical 
profile score of 4. The range of increase of mortality 
by any category between a normal and very abnormal 
score (score = 0) was maximal for corrected neonatal 
death rate (maximal increase 660-fold) and least with 
corrected stillbirth rate (maximal increase 53-fold). 


Comment 


In this study the relationship between last test score 
and individual perinatal outcome variables fell into 
three general categories. First, a highly significant in- 
verse linear correlation was observed for five variables: 
fetal distress, admission to a neonatal intensive care 
unit, IUGR, 5-minute Apgar score <7, and cord pH 
<7.20 (Fig. 1). Combinations of these variables also 
exhibited the same highly significant inverse linear cor- 
relation with test score (Fig. 2). The second relationship 
was observed between last test score and perinatal mor- 
tality both in total and by components; this relationship 
was inverse and exponential and demonstrated a highly 
significant correlation (Fig. 3). The third relationship, 
or rather lack thereof, was between last test score and 
the incidence of meconium staining of amniotic fluid 
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and the incidence of major anomaly (Fig. 2). The in- 
cidence of meconium staining rose significantly be- 
tween the last normal score and the equivocal score but 
then remained essentially unchanged for deteriorating 
test scores (Fig. 2). In contrast, the incidence of major 
anomaly was similar for all last test scores except for 
the very abnormal score (score = 0) for which a sig- 
nificant increase is recorded (Fig. 2). The explanation 
for these observed relationships is intriguing and may 
offer considerable insight into the nature of fetal com- 
promise and into the characteristics of fetal adaptive 
responses. 


The effect of hypoxemia on the human fetus may 
be expected to vary according to the characteristics of 
the hypoxemia and the fetal response. From both 
serendipitous observation in the human fetus and 
experimental observation the animal fetus, it is known 
that hypoxemia abolishes central nervous system— 
generated acute biophysical activities’ and that the 
duration of abolition of activities exceeds the duration 
of hypoxemia, often by a considerable margin.®° Vari- 
ation in sensitivity of discrete central nervous system 
signal sources to graded hypoxemia is suspected, but 
as of yet is incompletely characterized.” Oligohydram- 
nios is also a consequence of hypoxemia but is a result 
of different mechanisms’ and of a longer time course. 
In the human fetus hypoxemia, at least in the evolving 
stages, is unlikely to be sustained but rather is likely 
intermittent, the modulation of episodes being the 
result of superimposed reduction of perfusion of the 
failing uteroplacental unit induced by spontaneous 
uterine contraction. According to this hypothesis, 
changes in measured fetal biophysical variables and the 
net effect, a change in the fetal biophysical profile 
score, indicate the cumulative effect of episodes of hy- 
poxemia: 

The observations reported in this study are well de- 
scribed by this hypothesis. ‘The sequential loss of bio- 
physical variables yielding the range of equivocal to 
abnormal score results reflects the magnitude and the 
repetitive frequency of antepartum episodes of fetal 
hypoxemia and therefore serves as a marker of the 
degree of placental dysfunction. As predicted by this 
theory, all markers of adverse perinatal outcome should 
increase as last test score falls; the results of this study 
confirm these relationships. The variation in slope, de- 
fined as the incremental increase as score falls, between 
select end points is also predicted by this theory. The 
steepest slope would be expected for fetal distress be- 
cause this end point is a nearly direct reflection of the 
degree of placental dysfunction as unmasked by uterine 
contraction. In this study the steepest slope was ob- 
served for the incidence of fetal distress reaching unity 
(100%) with a score of 0. The need for admission to a 
neonatal intensive care unit most probably reflects the 
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cumulative effects of hypoxemia (both acute and 
chronic) and as such is a more obtuse marker. A rise 
in the frequency, the severity, or both of hypoxemic 
episodes would be predicted to increase the need for 
intensive postnatal care. A highly significant but slightly 
less steep inverse linear correlation with last test score 
was observed for this variable. Depression of the 5- 
minute Apgar scores is interpreted as reflective of more 
severe central effects of fetal hypoxemia and may be - 
predicted to occur less commonly than the reflex heart 
rate manifestations of hypoxemia. Similarly, umbilical 
vein acidosis would reflect the cumulative effects of 
more severe fetal hypoxemia and also may be expected 
to occur less frequently than fetal distress. In this study 
the slope of the inverse linear correlation for both the 
low 5-minute Apgar score and umbilical vein acidosis 
was considerably less steep than that observed for fetal 
distress. The slope of the inverse linear correlation for 
the incidence of IUGR requires an additional expla- 
nation. Intrauterine growth retardation is a reflection 
of more chronic uteroplacental dysfunction of suffi- 
cient severity to produce a net reduction in metabolite 
and energy constituent transfer, including respiratory 
gases: 

The inverse exponential relationship observed be- 
tween last test score and perinatal mortality is complex. 
It is likely that at least two factors operate to explain 
this curve. First, the degree and nature of fetal adaptive 
responses are not well studied but are likely to be sub- 
stantial. Accordingly, the sharp rise in perinatal mor- 
tality with the abnormal and very abnormal scores may 
suggest a terminal failure of adaptive responses to 
chronic fetal hypoxemia. In accordance with the con- 
cept presented, it is also likely that the very abnormal 
scores reflect the most severe degree of hypoxemia. 
Because death is the most severe manifestation of se- 
vere hypoxemia it would follow that this occurrence 
should be restricted primarily to those fetuses with the 
most severe forms of placental dysfunction. We spec- 
ulate that both explanations operate to explain this ex- 
ponential relationship. Thus it appears that the spec- 
trum of response in end points that range from fetal 
distress through perinatal death are in fact represen- 
tative of the degree of compromise of placental func- 
tion and that this compromise is accurately reflected by 
the last fetal biophysical profile score. In this context 
it seems that the profile scoring method offers the 
unique method to determine not only the presence of 
placental dysfunction but also its degree and progres- 
sive nature: 

Clinical application of these data requires consider- 
ation of other obstetric and maternal factors in addition 
to the test of fetal well-being. The objective is not to 
treat the test score, but rather to interpret test score data 
within the overall clinical context. In our experience it 
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is in this context that the test scoring method has been 
most valuable. For example, we consider a score of 6 
of 10 to be indicative of compromise and an indication 
for delivery in the mature fetus. In contrast, in the very 
immature fetus (less than 28 weeks’ gestation), repeat 
testing may be needed before intervention is recom- 
mended. Although the correlation between adverse 
perinatal outcome and mortality is well defined in this 
study, it is equally apparent that the converse of the 
positive predictive accuracy (that is, the false-positive 
rate) is directly related ‘to test scoring. We note that 
almost 40% of fetuses with the last score of 6 exhibited 
none of the markers of fetal compromise, whereas no 
fetuses with a score of 0 demonstrated absence of peri- 
natal disease. Furthermore, although fetal hypoxemia 
appears to be one cause of suppression of fetal bio- 
physical variables, it cannot be the only cause. Rhythmic 
variation in the frequency of biophysical activities is 
known to occur in the fetus. This study was interven- 
tional in design and therefore offers only incomplete 
information with regard to the natural progression of 
the abnormal or equivocal score. Nonetheless we are 
aware of several cases in which a score of 6 reverted to 
a normal score on repeat testing and was not associated 
with adverse outcome. This occurrence was less fre- 
quent with a score of 4 or 2 and has not occurred with 
a score of 0. 

The goal of any method of antepartum fetal sur- 
veillance is to identify that point in the natural pro- 
gression of a perinatal disease process at which the risks 
attendant with a continued fetal existence exceed those 
of delivery and neonatal life. The data presented here 
confirm that consideration of a spectrum of biophysical 
fetal variables is both an accurate and clinically useful 
method to identify this critical decision point. These 
data confirm that there is a progressive rise in the risk 
of adverse outcome as measured by several end points 
as the fetal biophysical profile score deteriorates. On 
reflection, however, it is also evident that the relation- 
ships between test scores and perinatal outcome must 


be necessarily complex. The overt dynamics of the nat- ` 


ural rhythm in biophysical activities, of advancing ges- 
tation age, of the rate of progression of placental dys- 
function, of the recruitment of adaptive and compen- 
satory responses of both mother and fetus to disease 
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states, and of the superimposition of the uterine activity 
of labor must all individually and collectively influence 
the relationship between test score and outcome. We 
argue that the very complexities of these interacting 
factors emphasizes the need to gather as much data as 
possible to arrive at an accurate estimate of fetal risk. 
This principle, which forms the very basis of fetal bio- 
physical profile scoring, is underscored by the data in 
this study. We speculate that the addition of the newer 
modalities of fetal assessment, such as arterial veloci- 
metry and antepartum fetal blood gas determination, 
to the existing method of fetal biophysical profile scor- 
ing will further help to define the critical point of 
intervention. In contrast, it would seem that reliance 
on any single variable fetal risk may be no longer ac- 
ceptable. 
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A comparison between umbilical artery velocimetry and 
standard antepartum surveillance in hospitalized 


high-risk patients 


Curtis L. Lowery, Jr., MD,* Brenda V. Henson, BSN; Jim Wan, PhD, and 


Cynthia G. Brumfield, MD* 
Birmingham, Alabama 


One hundred forty-six women admitted to the high-risk obstetric unit between November 1987 and 
December 1988 participated in a study designed to compare Doppler umbilical artery flow studies with 
standard antepartum testing in the prediction of adverse fetal outcome. A Doppler ultrasound examination 
was considered abnormal when the average systolic/diastolic ratio was greater than or equal to 4. The 
antepartum testing consisted of a combined use of nonstress testing and contraction stress testing. If both 
the Doppler systolic/diastolic ratio and the antepartum testing were abnormal, there was a significantly 
increased incidence of intrauterine growth retardation (47%), fetal distress necessitating cesarean section 
(67%), and admission to neonatal intensive care (86%). Doppler umbilical artery flow studies are an 
important adjunct to antepartum fetal surveillance in high-risk patients but should not determine clinical 
management when standard antepartum surveillance remains normal. (AM J OBSTET GYNECOL 


1990;162:710-4.) 


Key words: Doppler ultrasound, antepartum surveillance, high risk 


Outpatient management of the high-risk fetus has 
traditionally consisted of antepartum testing, including 
the nonstress test (NST) and the contraction stress test. 

.If there is a significant risk of loss of fetal life, high- 
risk patients are usually admitted to the hospital for 
more intense surveillance. This increased surveillance 
usually implies the more frequent performance of elec- 
tronic fetal monitoring. A relatively new test, Doppler 
ultrasound, has become available and studies perfusion 
of the placenta through the evaluation of umbilical and 
uterine blood flow.'® Conditions that cause fetal com- 
promise through decreases in uteroplacental blood flow 
may be detected by changes in the Doppler systolic to 
diastolic ratio,** ' 

This study differs from other studies in that the re- 
sults of the Doppler scans were blinded to the staff, 
and because the Doppler examinations were conducted 
in a serial fashion with the intrapartum testing. We were 
able to compare the prediction of adverse fetal outcome 
when results of both tests were in agreement and when 
the test results differed. In this study we theorized that 
through the combined use of Doppler-umbilical artery 
velocimetry and standard antepartum testing using 
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NST and contraction stress test we could improve our 
ability to predict adverse fetal outcomes. We report a 
comparison of the prediction of adverse fetal outcome 
in hospitalized patients by Doppler velocimetry of the 
umbilical arteries with standard antepartum surveil- 
lance with a combination of contraction stress test and 
NST. 


Material and methods 


The study population consisted of 146 patients who 
were admitted to the University of Alabama High Risk 
Obstetrical Service from December 1987 to November 
1988. Patients were included in this study if their con- 
dition warranted inpatient antepartum fetal surveil- 
lance. Table I lists the reasons for hospital admission. 

Antepartum fetal surveillance was ordered for all 146 
subjects by the attending physician and consisted of the 
combined use of the NST and contraction stress test. 
The NST, performed by nurses on the obstetric unit, 
consisted of at least 20 minutes of continuous fetal heart 
rate monitoring, recorded with the patient in the 
semirecumbent position with left uterine displacement. 
The results were interpreted by the attending physician 
according to previously published interpretation cri- 
teria.* © All nonreactive NSTs were followed by a con- 
traction stress test. The patient was placed in the 
semirecumbent position with left uterine displacement, 
and baseline blood pressures, fetal heart rates, and 
uterine contractions were recorded before initiation of 
the test. An adequate test required at least three con- 
tractions in a 10-minute period. If no contractions oc- 
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Table I. Indications for admission and results of testing 
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Abnormal Doppler 















Mean 
No. of 


Indication for admission examinations 





Hypertension 1.4 + 1.0 19 
IUGR/oligohydramnios 14+ 1.5 17 
Diabetes mellitus 1.2 + 0.5 19 
Postdates 1+0 3 
Fetal anomaly 1+0 I 
Abnormal AP 1+0 1 
Other 1.2 + 0.6 23 








10 6 11 46 31.5 
il 2 3 33 22.6 
4 0 1 24 16.4 
2 0 0 5 3.3 
1 0 0 2 1.4 
5 l 0 7 4.8 
4 2 0 29/146 20.0 





IUGR, Intrauterine growth retardation; AP, antepartum testing. 


curred or if the contractions were inadequate, uterine 
activity was induced either by manual nipple stimula- 
tion or oxytocin administration." The results were in- 
terpreted according to previously published guide- 
lines. The total number of tests performed on each 
patient varied based on the reason for admission to the 
hospital. The greatest number of examinations were 
performed on the group with intrauterine growth re- 
tardation (IUGR) or oligohydramnios (1.4 + 1.5) and 
the least number of examinations (1.0 + 0) were per- 
formed on the patients with postdates, fetal anomalies, 
and positive outpatient antepartum testing. 

All Doppler examinations were conducted on these 
same subjects by a single research nurse with a Multigon 
continuous-wave Doppler ultrasound instrument with 
a 4 MHz transducer. Each patient was placed in the 
supine position with left uterine displacement. The 
Doppler probe was placed on the maternal abdomen 
and manipulated until the characteristic waveform of 
the umbilical artery could be visualized. When the um- 
bilical artery signal could not easily be obtained, a real- 
time ultrasound instrument was available for cord lo- 
cation. Care was taken to obtain an umbilical vein signal 
simultaneous with the umbilical artery flow. Once a 
steady signal was obtained, the Doppler signals were 
frozen and three to five waves were analyzed and the 
average systolic/diastolic ratio was computed.” The 
nurse conducting this study was instructed to change 
the position of the Doppler scanning probe on the ma- 
ternal abdomen at least three times during each Dopp- 
ler examination. Whenever there was a significant dif- 
ference between the systolic/diastolic ratios obtained, 
real-time ultrasound was used to target a segment of 
the umbilical cord away from either the placental or 
fetal abdominal insertion. Because it is well known that 
umbilical artery systolic/diastolic ratios decrease with 
increasing gestational age, and when the gestational age 
is less than 30 weeks a value greater than 3 may be seen 
in normal pregnancies,*'® we elected to use sys- 
tolic/diastolic ratio less than 4 since. many of our pa- 
tients were entered before 30 completed weeks’ ges- 


tation. Information obtained from Doppler flow studies 
was not reported to the patient’s health care providers. 

Contraction stress tests were usually performed 
weekly or more often depending on the fetal status. 
Nonstress tests were performed either weekly, twice 
weekly, or on a daily basis depending on the degree of 
fetal risk as determined by the primary physician. 
Doppler umbilical flow studies were performed the day 
of each contraction stress test. No more than 3 days 
elapsed between any NST and the Doppler examina- 
tion. The results of each test were recorded and used 
later for analysis of outcomes. 

Patients were divided into groups on the basis of 
results of the antepartum tests (contraction stress test 
and NST) and Doppler examinations. Group 1 (n = 
83) patients had normal antepartum and normal Dopp- 
ler findings, group 2 (n = 37) had abnormal antepar- 
tum and normal Doppler findings, group 3 (n = 11) 
had normal antepartum and abnormal Doppler find- 
ings, and group 4 (n = 15) had both abnormal ante- 
partum and abnormal Doppler findings. An adverse 
fetal outcome was defined as an Apgar score <7 at 5 
minutes, an umbilical artery pH <7.20, a birth weight 
<10th percentile, fetal distress in labor, and fetal dis- 
tress necessitating cesarean section. The positive pre- 
dictive values (true positives/true positives + false pos- 
itives) for prediction of each of the adverse outcomes 
from groups 2, 3, and 4 were then compared with the 
group in which both tests were normal (group 1). Stu- 
dent’s t test was used to compare the outcomes between 
group | and each of the other three groups, and values 
of p < 0.05 and p < 0.001 were both reported. 


Results 


The most frequent.reason for inpatient antepartum - 
surveillance in our population was maternal hyperten- 
sive disease, making up 31.5% of the total patients stud- 
ied. In addition, 34% of the hypertensive patients had 
an abnormal umbilical artery systolic/diastolic ratio. 

Table II divides the patients into four groups based 
on the testing results, and compares each test’s ability 
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Table II. Outcome data compared by test results 
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Normal Doppler 


Abnormal Doppler 














Normal AP: 
Group 1 
(n = 83) 





Gestational age at first Doppler (wk) 36.7 + 4.1 
Gestational age at delivery (wk) 37.3 + 3.6 
Low 5 min Apgar score (<7) (%) 2 
Umbilical vein pH <7.20 (%) 16 
IUGR (%) ; 6 

FD labor (%) 23 

FD C/S (%) 14 
NICU (%) 15 
Adverse outcome (%) 35 


















Abnormal AP: Abnormal AP: 
Group 2 Group 4 
(n = 37) (n = 15) 





36.2 + 5.3 31.1 + 3.4* 29.4 + 3.7* 
36.2 + 5.1 32.6 + 3.9% 30.4 + 3.2* 
-n 18 13 
28 30 8 
14 27 47* 
51F 36 87* 
4lt 27 67* 
35t 64* 86* 
65t 64 87* 








All comparisons are made with the group with both tests normal. 
IUGR, Birth weight <10th percentile; FD, fetal distress; FD C/S, fetal distress necessitating cesarean section; NICU, admission 


to neonatal intensive care unit. 
*p < 0.001. 
tp < 0.05. 


Table III. Outcome data comparing group II with group IV 









Normal Doppler, 
abnormal AP: 
Group 2 






Abnormal Doppler, 
abnormal AP: 
Group 4 
(n = 15) 






Gestational age at first Doppler (wk) 36.2 + 5.3 29.4 + 3.7* <0.001 
Gestation age at delivery (wk) 36.2 + 5.1 30.4 + 3.2* <0.001 

Low 5 min Apgar score (<7) (%) 11 13 . NS ; 
Umbilical vein pH <7.20 (%) 28 8 NS 

IUGR (%) 14 47; <0.05 

FD labor (%) 51 87+ <0.05 

FD C/S (%) 41 67 NS 

NICU (%) 35 86* <0.001 
Adverse outcome 65 87 NS 


IUGR, Birth weight <10th percentile; FD, fetal distress; FD C/S, fetal distress necessitating cesarean section; NICU, admission 


to neonatal intensive care unit. 
*p < 0.001. 
tp < 0.05. 


to predict an adverse fetal outcome and admission to 
the neonatal intensive care unit. When the gestational 
age at first examination and at delivery between pa- 
tients with abnormal Doppler examinations (groups 3 
and 4) are compared with those with normal Doppler 
findings (groups 1 and 2), patients with abnormal 
Doppler findings were at earlier gestational ages at en- 
try into the study and were delivered earlier than those 
with normal Doppler findings. 

When group 1 (both tests normal) was compared with 
group 4 (both tests abnormal), there was a significantly 
higher incidence of IUGR, fetal distress in labor, fetal 
distress necessitating cesarean section, and admission 
to neonatal intensive care in the group with both tests 
abnormal (p < 0.001). When group 1 was compared 
with group 3 (normal antepartum testing but abnormal 

i Doppler findings), patients who had abnormal Doppler 
> “findings were delivered at earlier gestational ages and 
had a greater percent of admission to a neonatal in- 


2 


tensive care unit. Table II] compares group 2 (normal 
Doppler but abnormal antepartum tests) with group 4 
(the group with both tests abnormal). There was a sig- 
nificantly higher incidence of IUGR, fetal distress in 
labor, and admission to the neonatal intensive care unit 
in group 4 compared with group 2. The gestational age 
at first Doppler examination and gestational age at de- 
livery were also significantly lower in group 4. 
Absence of end-diastolic flow has been associated 
with very poor perinatal outcome; to evaluate this as- 
sociation, Table IV lists the six patients who had absent 
end-diastolic flow.® '* '® All patients were 30 weeks or 
less in gestational age and five had associated hyper- 
tension. Each patient required early delivery and half 
of the infants were growth retarded at birth. Three 
patients (1, 2, and 4) are of special interest because they 
had absent end-diastolic flow but were followed up for 
25, 14, and 21 days, respectively, before either the con- 
traction stress test became positive or there was a clinical 
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Table IV. Patients with absent diastolic flow.. 








_ Gestational 
age at first 
Doppler 
, „ (wh) 


Patient 


1 Chronic poena. 24 25 days 
systemic lupus erythema- | 
tosus : IA «ae S 

2  Oligohydramnios : ~ 28 ` 14 days 

3 PIH, A ‘27 Same day * 
IUGR us ie 

4 Chronic hypertension, renal . 24% 21 days. 

_. failure z i 
5° PIH, IUGR Ie 29% ` . Same day 
6 PIH . 3 a 30 Same day 


Positive CST. Positive CST 28% 


Suspicious ` 


Positive CST Positive CSF 27% 
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Gestational » 












Last age at 
antepartum | Reason delivery 
test result. delivered (wh) Outcome 


IUGR, cesarean 
section, NICU 


Spontaneous | 30 Low pH, IUGR, 
CST _: labor FD, cesarean 
, section, NICU 
Positive CST Worsening 27 IUGR, FD, ce- 
f ` f PIH sarean section 


FD, cesarean 
section, NICU 


Negative Worsening 29% NICU 
CST .° - PIH 

Normal. Worsening 30 NICU 
NST OPI 


PIH, pregnancy-induced hypertension; IUGR, birth weight <10th re FD, fetal distress; NICU, admission to neonatal 


intensive care unit; CST, contraction stress test. 


Table V. Cohivaelson of the sensitivities, specificities, and positive and negative predictive values with each 


test alone 











- Sensitivity’ 


IUGR: 65 50 60 = 66 . 87 
FD: 43. 31 . 58 65 90 - 
Adverse 43 27 51 «68 92 


IUGR, birth weight <10th percentile; FD, fetal distress. ` 


indication for delivery. All three patients required 


cesarean delivery, and two of the three infants were 


growth-retarded at birth. : 
Only one stillbirth occurred in our series. The 


mother was first admitted at 35 weeks to rule-out ` 


pregnancy-induced hypertension. On the day of ad- 
mission a Doppler systolic/diastolic ratio of 4.23 and a 


negative contraction stress test were obtained. The . 


blood pressures normalized, and after 2 days thé pa- 
tient was discharged. The patient was readmitted 3 days 
later because of blood pressure elevation. On this ad- 
mission, the contraction stress test was again negative; 
however, a Doppler examination was not performed., 
The patient’s blood pressures again normalized, and 


she was discharged after negative results of a workup ` 


for hypertension. The patient failed to keep follow-up 
' clinic appointments and 20 days after the abnormal 
- Doppler examination was readmitted with HELLP syn- 


separation. 


Comment 


In this study we compared the use of Doppler um- — 






Specificity 


Negative predictive 
„value 









` Positive predictive value 


68 24. - 38 23 . 92 92 91 
78 43 65 62 65 68 75 
59 -BT 77 71 | 54  . 56 62 


"made available to the attending physicians for man- 


agement of patients in this study, our results indicate 
that the addition of Doppler testing to standard ante- 
partum fetal heart rate testing may offer useful infor- 


-mation to the clinician to aid in the management of 


patients at high risk for fetal compromise. We found 
that patients with an abnormal Doppler test were likely 


_ to have hypertension and their hypertension was more 


likely to be severe than in those patients who had a 
normal Doppler examination. When both Doppler and 
antepartum fetal heart rate testing were abnormal, 
IUGR and fetal distress in labor was more likely to 


_ occur than when fetal heart rate testing alone was ab- 


normal.’ In somé of our patients, Doppler testing be- 
came abnormal several weeks before fetal heart rate 


‘testing became’ abnormal. Three patients in our study 


with absent end-diastolic flow had abnormal Doppler 


`. examinations 25, 14, and 21 days, respectively, before 
drome and intrauterine fetal death caused by ‘placental 


the contraction-stress test became positive. Others have 
reported that a. positive Doppler test may precede a 
positive result on a nonreactive NST.** "7 The one still- 


-birth in this study occurred in a patient in whom the 


Doppler systolic/diastolic ratio was abnormal, burte 


bilical artery systolic/diastolic ratios with standard an- 
tepartum testing. Although Doppler results were not - 


contraction stress test was initially negative. The pale > 
pee 
failed to keep her follow-up appointments. aidi still- 4 REN NS 


a a YAN 
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birth occurred 20 days after the abnormal Doppler ex- 
amination, thus indicating that an abnormal Doppler 
examination should be followed with continued close 
fetal surveillance. 

. The sensitivities, specificities, and positive negative 
predictive values for prediction of IUGR, fetal distress 
in labor, and all adverse outcome using systolic/ diastolic 
ratio 3, systolic/ diastolic ratio 24, and standard an- 
tepartum surveillance are presented in Table V. With 
these test criteria in each group, there were 54, 26, and 
52 patients, respectively, who had a positive test. The 
sensitivity of systolic/diastolic ratio = 3 and antepartum 
testing for these adverse outcomes were all greater 
than that when we used the positive test value of sys- 
tolic/diastolic > 4 (Table V). When examining the pos- 
itive predictive values of each test, the systolic/diastolic 
ratio =4 was better than the other two tests in every 
case. In this article, we have advocated the use of Dopp- 
ler umbilical artery velocimetry as a test that could be 
used to increase the ability of antepartum testing to 
predict adverse fetal outcomes. In this application, the 
systolic/ diastolic ratio =4 includes, the smallest number 
of false-positive results and thus increases the positive 
predictive value of antepartum testing. 

In summary, our data agree with others and indicate 
that Doppler umbilical artery velocimetry can be an 
important adjunct to conventional antepartum sur- 
veillance in the high-risk pregnancy.'*”° We believe that 
Doppler should only be used in conjunction with an- 
tepartum testing, and that a positive Doppler test 
should not be acted on when the antepartum test is 
reassuring. When the Doppler systolic/ diastolic ratio is 
elevated, the physician should be aware that there is a 
significant chance that early delivery may be necessary. 
If both systolic/diastolic ratio and electronic fetal mon- 
itoring are positive, IUGR, fetal distress necessitating 
cesarean section, and admission to the neonatal inten- 
sive care unit are likely. Although Doppler umbilical 
artery velocimetry appears to be of benefit in the sur- 
veillance of the high-risk hospitalized patient, it should 
currently be regarded as an adjunct to standard ante- 
partum surveillance. 
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Blood exposure in single versus double gloving during 


pelvic surgery 


Gabriel M. Cohn, MD, and David B. Seifer, MD 


Syracuse, New York 


In light of continued reports suggesting the inadequacy of surgical gloves as sterile barriers, as well as an 
increasing number of reports describing intraoperative cross infections, a prospective study was performed 
comparing the presence of visible blood on the hands of surgeons wearing single or double gloves during 
45 consecutive major obstetric and gynecologic operations. Single-gloved hands revealed the presence of 
visible blood in 38% of cases (n = 42) whereas visible blood was noted in only 2% of double-gloved 
hands (n = 48) (p < 0.001). These results demonstrate that the sterile barrier between surgeon and 
patient was compromised intraoperatively and that particles the size of red blood cells were able to cross 
this barrier. In addition, these data suggest single gloving may be less than optimal in maintaining a sterile 
barrier, as well as strongly suggesting that double gloving can improve the integrity of the patient-surgeon 
sterile barrier during pelvic surgery. (Am J OssteT GYNECOL 1990;162:715-7.) : 


Key words: Blood exposure, double gloving, pelvic surgery 


Intraoperative surgical glove use was introduced in 
1889 by William S. Halsted to protect his scrub nurse 
from exacerbation of a previously acquired mercuric 
chloride dermatitis.” The first published report of the 
routine operative use of surgical gloves was by H. H. 
Robb, who recommended in 1894 that gloves be used 
for the prevention of operative infections.? Subse- 
quently, the effectiveness of surgical gloves has been 
addressed in the nursing,' dental,‘ and surgical lit- 
erature.** 

The incidence of intraoperative glove perforations 
has been reported to range from 16% to 43%,"** with 
only 2.5% of these recognized intraoperatively. Bac- 
teriologic studies have shown that the presence of a 
pinhole in an otherwise impermeable surgical glove re- 
sults in significant recolonization of the surgeon’s 
hands.” The presence of pinholes in approximately 2% 
of unused surgical and latex gloves has been reported.* 
Qualitative differences between generic and brand 
name nonsterile latex gloves also has been suggested, 
as have lot-to-lot and interlot variations in water tight- 
ness of unused surgical gloves.* '° 

Although numerous reports have examined the ef- 
fectiveness of surgical gloves, none has directly linked 
glove perforations to higher infection rates in pa- 
tients. However, numerous reports have unequivocally 
traced intraoperative transmission of hepatitis B and 
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Staphylococcus epidermidis infections from surgeon to 
patient. "=" 

In light of these reports, as well as growing concerns 
of human immunodeficiency virus exposure, many sur- 
geons have begun the routine practice of double glov- 
ing. Reports have demonstrated a threefold to sixfold 
higher incidence of outer glove perforations compared 
with inner glove perforations.'" ° However, we are not 
aware of any study to date that has examined the ef- 
ficacy of single versus double gloves in maintaining the 
integrity of the sterile barrier between surgeon and 
patient. This study was performed to determine if a 
significant difference in blood contamination could be 
demonstrated between surgeons wearing single gloves 
and those wearing double gloves during pelvic surgery. 


Material and methods 


The presence of visible blood on the surgeon’s gloved 
hands was determined in 45 consecutive major obstetric 
and gynecologic operations. Surgery was performed 
between February 1989 and April 1989 in two hospitals, 
Crouse-Irving Memorial Hospital and St. Joseph’s Hos- 
pital Health Center. Both hospitals are State University 
of New York Health Science Center affiliates located in 
Syracuse, N.Y. A pelvic operation was included in the 
study if the duration of the procedure was =30 minutes 
or at least 100 ml of blood loss was estimated by an 
attending anesthesiologist who was blinded to the study 
design. These arbitrary criteria were chosen to assure 
adequate surgical exposure. Any case not meeting these 
criteria was excluded. Furthermore, because the end 
point was visible blood, any case in which overt needle 
or instrument puncture of a finger was noted intra- 
operatively or any case in which a glove defect was 
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Table I. Summary table of single- versus 
double-gloved surgeons with and without 
blood present* 





Single- Double- 
A gloved gloved 
Blood surgeons Surgeons Total 
Present 16 I 17 
Not present 26 47 73 
TOTAL 42 f 48 90 





*p < 0.001, Fisher’s exact test. 


noted was excluded. In addition, surgeons with finger 
or hand cuts or abrasions before or after operation were 
excluded from the study. 

The surgical team consisted of one of 18 full-time or 
clinical faculty obstetrician-gynecologists plus a senior 
resident (G. M. C.). Each attending surgeon was in- 
formed preoperatively of the study design, intent, and 
end point. During the first part of the study, the at- 
tending surgeon: was asked to wear single gloves while 
the resident used double gloves. In the remainder of 
the cases the attending surgeons were asked to use dou- 
ble gloves while the resident wore single gloves. On 
completion of the procedure, the attending surgeon 
and resident discussed whether any overt glove punc- 
tures had been noted. Postoperatively the surgical 
gloves were carefully removed and the fingers and 
hands inspected for the presence of visible blood. 

The gloves used were brand name surgical gloves 


randomly selected by a circulating nurse who was un- | 


aware of the study. 

Statistical analysis by Fisher’s exact test was per- 
formed on the data collected. Comparisons included 
the presence of visible blood in single- versus double- 
gloved surgeons, differences between the attending 
surgeons and resident, and a comparison of the type 
of surgery performed and the presence of visible blood. 


Results 


In the 45 cases evaluated, a total of 42 surgeons wore 
single gloves and 48 surgeons wore double gloves (ie., 
in three of the 45 cases both surgeons used double 
gloves.) At the conclusion of each operation, each sur- 
geon’s hands were inspected for the presence of visible 
blood. ` 

Operative time ranged from 17 to 300 minutes with 
a mean time of 65 minutes per case. Surgical operative 
time was approximately equal for attending surgeons 
and residents. Estimated blood loss ranged from 25 to 
1200 ml with a mean of 500 ml per case. i 

Table I summarizes the results of inspection for the 
presence of visible blood for single- and double-gloved 
surgeons. Of 42 instances in which surgeons wore single 
gloves, visible blood was demonstrated in 16 (38%) after 
removal of the gloves. Visible blood was demonstrated 


March 1990 
Am J Obstet Gynecol 


Table II. Summary table of operations 
performed with and without blood 
present on surgeon’s hands* 










Blood 


Operation present 
Adnexal surgery$ 10 7 2 
Birch procedure i l 1 
Hysterectomy]|| 12 12 7 
Primary low transverse 14 14 6 

cesarean section 
Repeat low transverse 
cesarean section 
8 8 a 
TOTAL 45 42 16 


*No significant difference, Fisher’s exact test. 


{Cases in which one surgeon used single gloves and the 
other used double gloves. 


Cases in which blood was detected on the single-gloved 
hands. . 


§Oophorectomy, salpingectomy, salpingotomy, salpingos- 
tomy, ovarian cystectomy. 


[Vaginal or abdominal hysterectomy, with or without ad- 
nexal removal. 


in only one (2%) of the 48 instances of double-gloved 
surgeons. Fisher’s exact test demonstrated a statistically 
significant difference between the single- and double- 
gloved groups (p < 0.001) for the presence of visible 
blood. 

The data were further analyzed to exclude surgeon’s 
experience as a factor involved in these observations. 
A significant difference in the presence of visible blood 
between single- and double-gloved attending surgeons 
was noted among 18 individuals (11 of 27 single-gloved 
surgeons vs. l of 19 double-gloved surgeons; p = 0.006 
with Fisher’s exact test). The difference also was true 
when the results for the single senior resident were 
examined (5 of 15 single-gloved vs. 0 of 30 double- 
gloved; p = 0.002 with Fisher’s exact test), which sug- 
gests that expertise was not a factor in the observed 
differences. Too few cases were performed by any sin- 
gle attending surgeons (range 1 to 6) to test statistical 
differences among various individuals. 

Fisher’s exact test revealed that the presence of visible 
blood is not related to the type of pelvic operation per- 
formed (Table II). Examination of the 21 sites of visible 
blood revealed equal frequency between right and left 
hands (10 and 11, respectively) despite the “hand dom- 
inance” of the surgeons. All of the 21 sites but one 


_ involved the index finger, thumb, and middle finger 


(in decreasing order of frequency). 


Comment 

These data illustrate that whereas visible blood was 
detected on the surgeon’s gloved hand in 38% of 45 
cases after pelvic surgery, the presence of visible blood 
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could be significantly reduced. through: the use of a - 
' double-gloving technique. The overall incidence of sin- 

gle glove blood exposure is comparable to that of glove ~- 

perforations during abdominal surgery.’ The ‘distri 


bution of visible blood primarily on the index finger, 


thumb, and middle finger; as well'as the equal distri- ©” 
bution of blood on’'the right and left hands, is consistent i 


with prior observations. 1,3.7:8, 14-16 However, two previous 


studies did find as much as à threefold higher-incidence É 
of perforations i in the nondomiriant hand. The find- . 


ing that both surgeon and surgical assistant were at 


significant risk-of blood exposure while wearing single `- 
gloves, is supported by previous reports demonstrating -/ 
that surgeon, first and second assistants, “and scrub. 


nurse incur a significant percentage of. glove perfora- 
tions. I, M- ie ` 


Unlike other studies D have used dyes,! watertight- : a 
_ ness,” airtightness,”* or electrical currents® to detect ` 


the presence of glove perforations, this study .was 
unique in evaluating the presence or absence of blood 


on the operating surgeon’ s hands. The presence of vis- ` 


` ible blood on the surgeon’s gloved hand was direct ev- 


idence (1). that the sterile barrier between patient and ` `` 


surgeon was compromised ` intraoperatively, (2) that 


particles (i.e., red blood cells) larger than bacteria and ` 
viruses crossed. this barrier, and (3) that, at’ the. very” 


least, one-way transmission across this barrier occurred. 


These findings may explain how previously, reported `` 


intraoperative infections''"'* could have occurred. 


It is noted-that there are several limitations. of this 
study. Randomization for single or double’ gloves = 
did not occur among surgeons. Since neither micro- . 


scopic, bacteriologic,’ nor virologic evaluations were 


performed, the- presence of occult blodd and micro- ` 


scopic perforations in both groups may have been: sig- 


nificantly underestimated. In addition, because of the ` 


small sample size, the clinical consequences of single 


versus double’ gloves relating to postoperative wound , 
infections was not-assessed. However, the unequivocal 


findings of the benefits of double gloves ponden E 
impetus for reporting these data. ` 


The marked significant reduction ` ‘in visible blood i 


when double- versus single-gloved | Surgeons: (2% vs: 


_ 38%) were compared could not be attributed to surgical 
: expertise nor type of procedure. performed. These 
‘findings strongly suggest that the practice of single- 


gloving during pelvic surgery may be.Jess than optimal 


in maintaining a sterile barrier between surgeon ånd- 


patient. They further suggest that double gloving sig- 


nificantly reduces the risk of intraoperative blood. trans- f 


mission, Aaen compared with single goring: 
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` Finally, several surgeons, who had reservations and 


: “insisted onsingle gloving, expressed concerns regarding 


their previous experience of discomfort, loss of dex- 


terity, and decreased sensation when using double 


gloves. These concerns have not as yet been substan- 


i tiated and perhaps should be reconsidered in light of 
” the.intraoperative blood contamination that may take 
‘place when. surgeons: use single gloves during pelvic 


surgery: 


We wish to thank William D. ‘Grant, EdD, for his 


- statistical expertise and assistance in the analysis of the 
'data, We further thank Ms. Pamela Schroeder for her 
; assistance in- the preparation of this manuscript. 
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Single-dose antibiotic prophylaxis for patients undergoing 
extended pelvic surgery for gynecologic malignancy | 


James W. Orr, Jr., MD,* Pamela F. Sisson, RN, Bruce Patsner, MD," 
Jeffrey M. Barrett, MD, John R. Ellington, Jr., MD, Ralph Henry Jennings, Jr., MD,* 
Keith B. Paredes, MD, Dale L. Taylor, MD; Seng Jaw Soong, PhD, and Cathy Roe* 


Lakeland, Florida, and Birmingham, Alabama 


The comparative efficacy of single-dose antibiotic prophylaxis was retrospectively evaluated in 116 patients 
undergoing extended pelvic surgical procedures with curative intent. During the 24-month period, other 
important variables such as surgeon's experience, duration of preoperative hospitalization, preoperative i 
preparation, method of hair removal, suture type, suture size, use of drains, use of cautery, and abdominal 
closure-were controlled. The overall surgical site infection rate was 4.3% after radical hysterectomy with 
lymphadenectomy and 4.5% after total hysterectomy with lymphadenectomy. In this clinical situation the 
use of a single dose of antibiotic prophylaxis theoretically decreases cost and patient exposure and 
appears to be as efficacious as a multiple-dose regimen. (Am J OBSTET GYNECOL 1990;162:718-24 ) 


Key words: Antibiotic prophylaxis, cancer, surgery 


The ultimate goal of surgical therapy for reproduc- 
tive tract malignancy is long-term survival. However, 
reducing surgical morbidity must be an important part 
of every gynecologic oncologist’s treatment plan. After 
extended pelvic procedures, infectious morbidity re- 
mains a major risk and, when present, increases hos- 
pital stay, cost, and patient discomfort and predisposes 
to additional morbidity.’ Although many factors are 
involved, the use of prophylactic antibiotics has been 
claimed to reduce the risk of infection after “extended” 
pelvic procedures,*’ however, some reports question 
their benefit.* 

After total hysterectomy, information suggests that a 
single preoperative dose of antimicrobial prophylaxis 
is as effective as multiple doses in reducing the risk of 
postoperative surgical site infection.’ However, little 
information is available to indicate that this is true with 
extended procedures, and most reports evaluate the 
benefit of multiple-dose prophylaxis. This report de- 
tails the comparative effects of single-dose antibiotic 
prophylaxis and a multiple-dose regimen in those 
patients requiring an extended pelvic surgical pro- 
cedure. 


Methods and material 


During this 24-month study, the charts of all patients 
undergoing radical hysterectomy and pelvic lymph- 
adenectomy or total abdominal hysterectomy and pelvic 
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lymphadenectomy as primary treatment for cervix or 
endometrial cancer were evaluated. Patients having 
preoperative infection, additional contaminated sur- 
gical procedures, or recent (<72 hours) therapeutic 
doses of antibiotics were eliminated from further eval- 
uation. No patient had preoperative radiation. 

All procedures were performed by a gynecologic on- 
cologist and all patients were admitted under a strict 
protocol of preoperative arid intraoperative manage- 
ment. Each had a complete hematologic and biochem- 
ical evaluation and chest radiographs. Intravenous py- 
elography and bariumi enemas were performed as in- 
dicated. All patients underwent a mechanical (without 
antibiotic) bowel preparation. Preoperative hospitaliza- 


' tion was minimized (<48 hours). No preoperative 


douching was performed. Hair clipping, when deemed 
necessary, was performed in the operating room. In- 
traoperative skin and vaginal preparation involved a 
Betadine preparation scrub. The initial incision was 
inscribed boldly and electrocautery was used only to 
secure hemostasis. Only 2-0 polyglycolic acid suture was 
used during the pelvic operation. Hemostatic clips were 
used sparingly, not to occlude efferent or afferent lym- 
phatics. The technique of radical hysterectomy and pel- 
vic lymphadenectomy has been described elsewhere.” 
Total lymphadenectomy and periaortic node biopsy 
were done in those patients undergoing total hyster- 
ectomy and pelvic lymphadenectomy. Suprapubic blad- 
der drainage was established in all patients undergoing 
radical hysterectomy and pelvic lymphadenectomy. At 
the completion of each procedure, copious (>200 ml) 
pelvic irrigation was performed with warm sterile wa- 
ter. All fluids were removed. No peritoneal surfaces 
were closed. Fascial closure incorporated only mono- 
filament sutures. After fascial closure, the subcutaneous 
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Table I. Characteristics of patients 
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Radical hysterectomy and pelvic 
lymphadenectomy 


Total hysterectomy and pelvic 
lymphadenectomy 












Single-dose 





No. f 24 
White (%) 83.3 
Age (yr) 46.3 + 14 
(28-69) 
Weight (pounds) 145.5 + 31 
(99-213) 
Duration of surgery (hr), 2.25 + 0.4 
(1.6-3.0) 
Estimated blood loss (ml) 1104 + 566 
(600-3000) 
Transfused (%) 70.8 
Postoperative stay (days) 6.9 + 1.6 
Febrile morbidity (%) 41.7 
Infectious morbidity (%) 4.2 


Values are mean + SD. Ranges are in parentheses. 


Table II. Comparison of drugs and dose regimens 






Single-dose 


Cefoxitin (2 gm) 23 95.8 20 
Cefotetan (2 gm) : ` — — — 
Metronidazole (500 mg) 1 4.2 


tissues were thoroughly irrigated under pressure. No 
subcutaneous sutures or drains were placed and skin 
closure involved clips. All patients undergoing radical 
hysterectomy and pelvic lymphadenectomy had closed 
suction pelvic drainage. No patient having total hys- 
terectomy and pelvic lymphadenectomy had closed suc- 
tion drainage. All patients received supplemental (2L 
by nasal prong) oxygen during the postoperative pe- 
riod for at least 24 hours. No patient received prophy- 
lactic heparin, and pneumatic calf compression was 
done routinely. 

Antibiotics were administered Keti after the 
patient entered the operating room. The maximal time 
before incision was 45 minutes. In those patients re- 
ceiving multiple doses, a second intravenous dose was 
given at 8 and 16 hours. 

Postoperatively, each patient was evaluated by at least 
two of us. Standard febrile morbidity was defined as 
temperature >38° C on two separate occasions at least 
4 hours apart, excluding the initial 24 postoperative 
hours. Infectious morbidity was defined as continued 
temperature elevation, not responding to conservative 
measures and pulmonary manipulation. At that time 
appropriate evaluation and broad spectrum antibiotic 
therapy, consisting of an aminoglycoside and anaerobic 
coverage, was begun. No patient was debates) ona 
regimen of oral antibiotics. 


Radical hysterectomy and pelvic 
lymphadenectomy 


-M ioed 











Multiple-dose Single-dose Multiple-dose 
22 35 31 
86.4 97.1 96.8 
48.6 + 14 f 67.7 + 1I 65.9 + 11 
(22-71) (39-85) (39-83) 
147.8 + 30 153.7 + 40 170.9 + 43 
(109-190) (88-287) (98-245) 
2.45 + 0.7 1.3 + 0.2 1.6 + 0.5 
(1.3-4.5) (1.0-1.9) (1.0-1.9) 
1126 + 756 289 + 198 397 + 207 
(400-3000) (125-800) (175-1000) 
68.2 2.9 6.5 
7.118 6.4 + 1.5 6.7 + 2.5 
45.4 17.1 32.3 
4.5 2.9 6.5 






Total hysterectomy and pelvic 
lymphadenectomy 


Single-dose 










Multiple-dose 


90.9 19 54.3 23 74.1 
— 9 25.7 6 19.4 
9.1 7 20.0 2 6.5 

Results 


During the 24 months of this study, 46 patients who 
underwent radical hysterectomy and pelvic lymphad- 
enectomy as primary treatment for invasive cervical 
cancer were evaluable. An additional 66 patients (all 
with a -clinical or histologic risk of nodal metastases) 
underwent total hysterectomy and pelvic lymphade- 
nectomy, as well as periaortic node biopsy, as primary 
treatment for uterine malignancy. As expected, differ- 
ences existed between patients undergoing radical hys- 
terectomy and pelvic lymphadenectomy and those hav- 
ing total hysterectomy and pelvic lymphadenectomy 
(Table I). Patients undergoing radical hysterectomy 
and pelvic lymphadenectomy had a significantly in- 
creased mean operative time (p < 0.001), had a youn- 
ger mean age (p < 0.001), and weighed less (p < 0.04) 
than those undergoing total hysterectomy and pelvic 
lymphadenectomy. There was no patient characteristic 
difference in those undergoing radical hysterectomy 
and pelvic lymphadenectomy, regardless of dosage reg- 
imen. The same applied for those undergoing radical 
hysterectomy and pelvic lymphadenectomy. Consid- 
ering all patients, there was no significant difference in 
weight, age, presence of medical illness, or postoper- 
ative stay when comparing single-dose and multiple- 
dose regimens. The majority of patients received ceph- 
alosporin prophylaxis (89.3%); however, penicillin- 


720 Orr etal. 


March 1990 
Am J Obstet Gynecol 


Table ITI. Extended hysterectomy and infectious morbidity 









Author | Antibiotic 

Orr et al.? (1982) - 270 Cephalosporin (5-7 days) 
41 None 

Rosenshein et al. 


(1983) 34 Doxycycline (1 dose)* 
30 None 
Sevin et al.* (1984) 26 Cefoxitin (12 dose) 
i 27 None 
Marsden et al.® (1985) 31  Cefoxitin (12 dose) 
43 None 
Micha et al.* (1987) > 15 Mezlocillin (3 dose) - 
15 None 
Miyazawa et al.” (1987) 8 None 
: Cefamandole/doxycycline 
11 ~ (<48 hr) 
Cefamandole/doxycycline 
(<48 hr) + cefaman- 
26 dole irrigation 


Bendvold and Kjorstad® 


(1987) 35 None 
Creasman et al. (1982) 24  Mandol (5 dose) 
25 None 


*Bowel preparation. 
{Fever index. 


allergic patients received metronidazole (Table II). 
There was no difference in infection rates evaluated 
by drug used. 

The overall surgical site infection rate was 4.5% and 
did not differ between radical hysterectomy and pelvic 
lymphadenectomy (4.3%) and total hysterectomy and 
pelvic lymphadenectomy (4.5%). There was no differ- 
ence in infection rate in patients undergoing radical 
hysterectomy and pelvic lymphadenectomy or total hys- 
terectomy and pelvic lymphadenectomy, regardless of 
the antibiotic regimen. In either procedure there was 
no significant correlation between age, race, duration 
of surgery, blood loss, and risk of infection. However, 
if patients developed a postoperative infection, their 
hospital stay was longer (10 days). - 

Febrile morbidity was common after radical ister 
ectomy and pelvic lymphadenectomy (43.5%) and total 
hysterectomy and pelvic lymphadenectomy (24.2%). 
The usual cause was pulmonary-related; however, 
pneumonia did not occur in any patients. No patient 
had a symptomatic pelvic lymphocyst, and no ureteral 
vaginal fistulas occurred. 


Comment 


Surgical extirpation with curative intent remains an 
important treatment aspect of patients with early in- 
vasive cervical cancer or endometrial cancer. Both pro- 
cedures involve extended pelvic surgery, including 
lymphadenectomy. Occasionally certain inherent risks 
such as prolonged preoperative diagnostic hospitaliza- 
tion, an altered immunologic system, older age, pro- 
longed procedures, increased blood loss, and altered 




















Febrile 
morbidity 
% 


Major 


morbidity | Hospital stay | Operative time | Blood loss 


18.9 9.8 3.7 


39.4 1800 
41.5 26.8 12.0 
64.57 L8 16.1 3.9 - 
84.5 26.7 15.6 3.7 
41.7 15.3 15.6 6.1 2400 
88.9 528 18.0 5.5 1600 
3.0 120 ” 3.1 765 
16.0 12.0 * 3.6 832 
26.6 6.6 i0.1 3.7 840 
80.0 67.7 10.4 4.0 1013 
109+ 87.5 5.4 2196 
71 ` 63.6 4.6 1851 
30 3.8 4.4 1544 
17 0 10.1 26 525 
12.5 4,2 8.2 3.2 
45.8 36.0 9.0 3.2 


nutritional status are present. Faced with this problem, 
the majority (84%) of gynecologic oncologists use pro- . 
phylactic antibiotics during radical hysterectomy and 
pelvic lymphadenectomy, and 16% of those use mul- 
tiple agents.* To date, only eight studies have evalu- 
ated the efficacy of prophylactic antibiotics after ex- 
tended hysterectomy.” Most indicate a benefit of pro- 
phylactic antibiotics during extended hysterectomy 
(Table IIL); however, at least two studies question their 
benefit.* ° Although retrospective, this study was per- 
formed in patients with a standard method of preop- 
erative preparation and control over the variable of 
surgical experience. Previous studies report patients 
operated on by surgeons of varied experience with data 
collected over a long period of time. Operative times, 
blood loss, socioeconomic status, and the use of pre- 
operative radiation may vary greatly. Only one previous 
study has evaluated the efficacy of single-dose prophy- 
laxis.? While fever index was lowered, data concerning 
morbidity were lacking. This information is in contrast 
to that for nonradical hysterectomy, where single-dose 
prophylaxis has been reported to be as efficacious as a 
multiple-dose regimen. Anecdotal accounts suggest 
that multiple doses are needed because of prolonged 
operative times. In nonradical hysterectomy, the benefit 
of prophylactic antibiotics decreases sharply when op- 
erative time approaches 3 hours," the usual operative 
time for radical hysterectomy and pelvic lymphade- 
nectomy and reported times for total hysterectomy and 
pelvic lymphadenectomy.® ? Some indicate the need to 
use prolonged preoperative treatment to increase tissue 
levels of the prophylactic drug. However, information 
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regarding commonly used prophylactic drugs indicates 
that most tissue levels contain more than inhibitory an- 
tibiotic levels after a single preoperative dose.” This 
report is the first to compare a single-dose regimen and 
a multiple-dose regimen and find them to be equally 
efficacious. Interestingly, one report® indicates a rela- 
tively high risk of drain site infection, which may be 
explained in part by relatively low antibiotic tissue levels 
in the subcutaneous fat.'* While large volumes of fluid 
may be evacuated with closed suction drainage," when 
compared with open cuff drainage, there is no protec- 
tive effect against infection.” In fact, one must question 
the benefit of long-term closed suction drainage with 
its potential adverse effects on fluid and electrolyte re- 
placement, as well as nutritional status. This study sug- 
gests that pelvic drainage may not be necessary to pre- 
vent lymphocyst or other complications after certain 
types of extended pelvic surgery (total hysterectomy 
and pelvic lymphadenectomy). In fact, drains may pre- 
dispose to infection as they contaminate the subcuta- 
neous tissues, an area of low. blood flow and lowered 
tissue levels of effective antibiotics." 

While data are lacking to clearly support the use of 
a second-generation cephalosporin, we chose to use 
cefoxitin because of previous studies indicating its 
efficacy’ and its expanded bacterial coverage when 
compared with first-generation antibiotics. The substi- 
tution of cefotetan (because of a change in hospital 
formulary) in some patients allowed use of a drug with 
a similar antimicrobial spectrum. Although the serum 
half-life of the latter drug is reportedly longer, there 
is little information to indicate an effect on important 
tissue levels. Although both drugs are effective, ap- 
proximately 10% of the population claim a penicillin 
allergy. While cephalosporin “crossover” reactivity may 
not be common, we chose to administer metronidazole 
to any patient who claimed a penicillin allergy. While 


antimicrobial coverage differs, metronidazole is an ef- . 


fective prophylactic agent when used during nonradical 
gynecologic surgery' and offers an alternative so as not 
to place the patient at risk for antimicrobial reaction. 
In conclusion, this report suggests that attention 
to preoperative preparation and intraoperative tech- 
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nique, when combined with single-dose antimicrobial 
prophylaxis, is associated with a low risk of infectious 
morbidity after extended pelvic procedures for the 
treatment of patients with gynecologic cancer. Future 
prospective studies must attempt to control for pre- 
operative and intraoperative variables that alter the risk 
for postoperative infection. 
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The mons pubis: ‘An excellent graft donor site in’ 


gynecologic surgery `. 


Michelle R. Dudzinski, MD, and Janet S. Rader, MD 
Portsmouth, Virginia, and Baltimore, Maryland 


Split-thickness skin grafting has many applications in gynecologic surgery. Selection of the donor site is an 
aspect of the procedure that is very important for. preventing highly visible lifelong scars. In this regard the 
mons pubis is an excellent choice as a donor site. Scar visibility is minimized by regrowth of the pubic 
hair. Another advantage is the anterior location of the mons, which allows for healing without constant 
pressure in patients who must remain supine in the postoperative period. Graft harvesting requires shaving 
the mons pubis and injecting saline solution into the subcutaneous tissue to elevate the skin and thus 
provide a firm flat base for dermatome application. Hair growth does not occur in the recipient site 
because the hair follicles are not harvested. Healing of both donor and recipient sites has been excellent 
with minimal discomfort during pubic hair regrowth. Thus it is recommended that the mons pubis be given 
serious consideration as a graft donor site in gynecologic surgery. (AM J OssteT GYNECOL 1990;162:722-5.) 


Key words: Mons pubis, skin graft, donor site, carcinoma in situ, skinning vulvectomy 


The mons pubis is an excellent skin graft donor site 
in gynecologic surgery. Gynecologic procedures re- 
quiring split-thickness skin grafts include creation of a 
neovagina for miillerian agenesis, vaginal reconstruc- 
tion after radical pelvic surgery, and the covering of a 
vulvar or perineal defect after skinning vulvectomy. 
The most common donor sites have been the lateral 
aspects of the thigh or buttock. The use of the lateral 
thigh leaves visible scars. The buttock donor ‘site 
is uncomfortable and may not heal well in the pa- 
tient who is maintained in a supine position postop- 
eratively. 


The mons pubis as a donor site was originally de- ` 


scribed by Stal and Spira’ in the plastic surgery litera- 
ture in 1985, but the technique has not been described 
in the gynecologi¢ literature. This donor site has par- 


ticular advantages for the gynecologic patient. Its prox- . 
imity to the recipient site provides easy harvesting and ’ 


excellent skin color match. It produces minimal visible 
scar and is easily managed in the postoperative period. 
The following discussion describes our use of the mons 
pubis as a donor site in patients undergoing skinning 
vulvectomies. 
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Material and methods 


We used the mons pubis as a donor site in four pa- 
tients undergoing skinning vulvectomies for recurrent 
multifocal vulvar carcinoma in situ. The operative pro- 
cedures were begun with the patient placed in the su- 
pine position. After the mons pubis was shaved and 
prepped, approximately 250 to 300 ml of sterile normal 
saline solution was injected with a 22-gauge needle into 
the subcutaneous tissue at multiple sites, thereby ele- 
vating the skin over the mons and eliminating the con- 
cavities produced by the bony prominences of the pubic 
symphysis and the anterior superior iliac spines (Fig. 
1). Injection was continued until a homogeneous flat 
surface was obtained. The skin surface was lubricated 
with mineral oil, and an electricdermatome set at 0.018- 
inch thickness was used to harvest a split-thickness skin 
graft with straight edges and uniform thickness (Fig. 
2). Each graft measured approximately 8 x 16 cm and 
was kept moist with normal saline solution until needed. 
Scarlet Red ointment or a semipermeable transparent 
dressing was applied to the donor site. 

The patient was then placed in the dorsal lithotomy 
position and the perineum was prepped and draped. 
The skinning vulvectomies were performed as previ- 
ously described by Rutledge and Sinclair.” The skin was 
excised down to the level of the subcutnaeous tissue 
with a 1 cm lesion-free margin. Hemostasis was metic- 
ulously obtained. The skin grafts were cut to appro- 
priate size and carefully placed over the vulvar defect. 
The graft from one patient required meshing to slightly 
enlarge the width and thus adequately cover the defect. 
The grafts were sutured to the skin edges with inter- 
rupted 3-0 nonreactive absorbable suture and also se- 


- cured to the underlying subcutaneous tissue with sev- 
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Fig. 1. Normal saline solution is injected into the subcutaneous tissue of the mons pubis at several 


sites to produce a continuous flat surface. 





Fig. 2. Schematic depiction of dermatome placement with anatomic relationships. 


eral interrupted sutures. Care was taken to assure that 
the dermal side of the graft was in constant contact with 
the subcutaneous tissues, particularly at the edges of 
the recipient site. At completion, multiple 1 mm slits 
were made in the graft to prevent seroma formation. 
Suture tags on the edges of the graft were left long to 
secure the bolsters over the recipient site. The bolsters 
were composed of cotton batting soaked in mineral oil 
and covered with petroleum jelly gauze. Separate bol- 
sters were placed over the right and left. vulva with the 
vaginal opening left unobstructed to allow drainage of 
vaginal secretions. 


The patients were maintained supine at bed rest after 
surgery. The bolster was removed 5 to 7 days postop- 
eratively by cutting each suture tag. The patients: were 
discharged the following day on a regimen of perineal 
care with peribottle washes and blow drying three times 
daily. The donor site dressing remained until sponta- 
neous separation with new underlying epithelium at 10 
to 14 days. 


Results 
All four patients had an uncomplicated postoperative 
course with minimal discomfort. All pathologic speci- 
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Fig. 3. Postoperative healing in donor and recipient sites. A, Recipient site after removal of bolster 
on sixth postoperative day. B, Same site 4 weeks later. C, Donor site 4 weeks after operation beneath 


previous Pfannenstiel incision. 


mens showed extensive vulvar carcinoma in situ. No 
invasive carcinoma was found. Recurrent disease did 


not develop in any patients with a mean follow-up of 


38 months. 

Healing of the donor and recipient sites was excellent 
with an outstanding cosmetic result (Fig. 3). Graft 
“take” was 95% to 100% in all cases. The one patient 
who required meshing of the skin graft had slightly 
more scar formation at the meshed site, which grad- 
ually faded. One patient had a small amount of anal 
scarring after extensive resection of perianal disease. 


This resolved with stool softeners and the return of 


normal bowel function. No hair growth was encoun- 
tered at the recipient site. No patient experienced per- 
sistent vulvar pain, scarring, or dyspareunia. 

The donor sites healed without appreciable scarring. 
Regrowth of pubic hair occurred over several weeks 
without irritation, rash formation, or infection. The 
hair covered the donor site, making it virtually un- 
noticeable (Fig. 3, C). 


Comment 

The use of a split-thickness skin graft is well accepted 
for creation of a neovagina in cases of miillerian agen- 
esis or for vaginal reconstruction after radical pelvic 
surgery. The application of skinning vulvectomy and 
graft in cases of vulvar carcinoma in situ has been some- 
what controversial because of the availability of less 
radical treatment modalities, i.e., laser vaporization, 5- 
fluorouracil, and local excision. However, it continues 
to have a role in the treatment of patients with primary 
or recurrent multifocal disease. The skinning vulvec- 
tomy with graft provides the necessary surgical speci- 
men to identify occult invasive disease, which can be 
found in 8% to 10%*" of cases. Also the pain and dys- 
pareunia that sometimes result from excessive scarring 
caused by previous ablative procedures may be alle- 
viated by replacing the vulvar skin with new, healthy 
epithelium. 

Cosmetic consideration is very important in the se- 
lection of the donor site for split-thickness skin grafts. 
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Hair follicle 
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Fig. 4. Split-thickness skin grafts do not remove hair follicles or sweat gland apparatus from which 


generation of new hair and epithelium occurs. 


Over a period of time donor sites may become hyper- 
trophic and hyperpigmented and therefore should be 
as inconspicuous as possible. In addition, proximity of 
donor site to recipient site allows for better color and 
texture match. 

The mons pubis is covered by the escutcheon, which 
in most women is triangular and extend 2 to 3 cm above 
and below the ligamentum pubicum superius with the 
upper margin usually measuring 10 cm across.? When 
the mons pubis and adjacent skin are used, a continuous 
sheet of graft up to 8 x 24 cm can be obtained. When 
a larger defect must be covered, the graft can be 
meshed to increase surface area. , 

Grafting from skin next to bony prominences pre- 
sents some difficulties because of irregular skin con- 
tours. The injection of saline solution into the subcu- 
taneous tissue provides elevation of concavities and can 
be performed at multiple sites until a flat, level surface 
is obtained. This allows for easy application of the der- 
matome and harvesting of a graft of uniform thickness 
and dimensions. The presence of a previous Pfannen- 
stiel incision is not a contraindication to this procedure 
as the entire graft can be obtained from the skin below 
the scar (Fig. 3, C). , 

Split-thickness skin grafts consist of the epidermis 
and a small quantity of dermis (Fig. 4). Therefore hair 
follicles and sweat gland apparatus are not removed.’ 
This allows for normal regrowth of hair on the donor 
site and prevents growth of unwanted hair at the re- 
cipient site. 

The thickness of the graft determines both the 
amount of scarring at the donor and recipient sites and 


the percentage survival of the graft. Split-thickness skin 
grafts can vary from 0.008 to 0.018 inch.® While thicker 
grafts heal with less scarring at the recipient site, the 
donor site tends to have a greater amount of scarring 
and the percentage survival is decreased because of 
poor diffusion of nutrients. Thinner grafts produce 
less scarring at the donor site and have excellent graft 
survival but may produce more scarring at the recipient 
site. We find 0.016 to 0.018 inch to be appropriate for 
this procedure. 

The use of the mons pubis as a donor graft site re- 
quires minimal patient repositioning between obtaining 
and placing the graft. It allows the graft to heal easily 
in patients maintained supine postoperatively. The cos- 
metic result is outstanding since the donor site is cov- 
ered by the regrowth of pubic hair. It should be given 
serious consideration as the donor site whenever a split- 
thickness skin graft is needed in gynecologic surgery. 
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Ectopic pregnancy concurrent with induced abortion: Incidence 


and mortality 


" Hani K. Atrash, MD, MPH, H. Trent MacKay, MD, MPH, and 
Carol J. R. Hogue, PhD, MPH 


Ailanta, Georgia 


From 1972 through 1985, 24 women who underwent an induced abortion died as a result of a concurrent 
ectopic pregnancy. We analyzed data from the Joint Program for the Study of Abortion, National Hospital 
Discharge Survey, and the Centers for Disease Control Ectopic Pregnancy and Abortion Surveillance 
Systems to determine the incidence and mortality of ectopic pregnancy concurrent with induced abortion. 
During the period 1971 through 1985, the incidence of ectopic pregnancy concurrent with induced 
abortions was 1.35/1000 induced abortions, compared with 13.6/1000 pregnancies not terminated by 
induced or spontaneous abortion. The rate was higher among women who obtained abortions at earlier 
gestational age and among older women. The death-to-case rate for ectopic pregnancies concurrent with 
induced abortion was 1.3 times higher than that for women not undergoing abortion. Most of the deaths of 
women- with ectopic pregnancy who underwent induced abortion were attributable to the failure to 
diagnose the ectopic pregnancy before the woman left the facility where the abortion was performed. Such 
deaths could be prevented by the provider of the abortion assuring that the tissue is examined for products 


of conception at the time of the abortion. (AM J Osster GYNECOL 1990;162:726-30.) 


Key words: Induced abortion, ectopic pregnancy, maternal morbidity 


The diagnosis of an ectopic pregnancy in a woman 
undergoing an induced abortion may be missed at the 
time of the procedure and can be further delayed be- 
cause symptoms of ectopic pregnancy may be ascribed 
to sequelae of the abortion. The incidence of ectopic 
pregnancies is rising,’ and the number of women with 


an ectopic pregnancy who request an induced abortion. 


is also increasing. In this study we used data from sev- 
eral sources to estimate the incidence of ectopic preg- 
nancy concurrent with induced abortion and to esti- 
mate the risk of death in this situation. We found 
that the incidence of ectopic pregnancy was 10 times 
lower among women undergoing abortion than among 
women not seeking abortion. However, the risk of 
death among women with ectopic pregnancy and in- 
duced abortion was higher than the overall risk of death 
from ectopic pregnancy. 


Methods 


We used data from the National Hospital Discharge 
-Survey (NHDS) to estimate the number of women with 
the joint diagnoses of induced abortion and ectopic 
pregnancy discharged from hospitals during 1971 
through 1985.” Each year this survey samples approx- 
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imately 200,000 discharge face sheets from approxi- 
mately 400 U.S. nonfederal, short-stay hospitals in the 
50 states and the District of Columbia. The sample is 
stratified to represent all discharges from U.S. short- 
stay hospitals with respect to hospital size, type of own- 
ership, and geographic location. The NHDS abstracts 
the first seven diagnoses and the first four surgical pro- 
cedures (three surgical procedures for 1971 to 1978) 
noted on the face sheet. For this study, we identified 
cases of ectopic pregnancy concurrent with induced 
abortion by searching for ectopic pregnancy among all 
diagnoses and for induced abortion among all surgical 
procedures. The rates of ectopic pregnancy concurrent 
with induced abortion were obtained by use of the num- 
bers of induced abortions performed in hospitals as 
denominators. Denominators were obtained by apply- 
ing the proportion of abortions performed in hospitals 
as reported by the Alan Guttmacher Institute’ to the 
total number of abortions reported by the Centers for 
Disease Control (CDC).**® We estimated the total num- 
ber of ectopic pregnancies concurrent with induced 
abortion by applying these rates to the total number of 
abortions as reported by the CDC. 

We used data from the Joint Program for the Study 
of Abortion (JPSA) II and III as another way to esti- 
mate the incidence of ectopic pregnancy concurrent 
with induced abortion and to study the characteristics 
of women with these conditions. JPSA II included 
80,437 legal abortions performed at 32 institutions be- 
tween 1971 and 1975, whereas JPSA III included 
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84,318 legal abortions performed at 13 institutions be- ’ 


tween 1975 and 1978. Some cases Of ectopic pregnancy 


may have been missed among the 45% of women in . 


JPSA II and the 43% of women in JPSA III who did 
not receive follow-up. ‘The rates of ectopic pregnancy 
concurrent with induced abortion were adjusted for 
follow-up and were further stratified by the woman’s 
age and gestational age at the time of the abortion. - 
Deaths as a result of ectopic pregnancy among 
women obtaining legal abortion during the period 1972 
through 1985 were identified through the CDC’s Ec- 


topic Pregnancy and Abortion Mortality Surveillance . 


Sytems. These systems identify maternal deaths asso- 


ciated with an ectopic pregnancy or an abortion by - 


gathering reports of such deaths from state health de- 
partments, coroners, the nationwide surveillance of 
abortion mortality, and from other sources.* 7 All 
deaths are investigated by medical epidemiologists. A 
diagnosis and a cause of death are assigned each case 
from information obtained from death certificates, 
medical records, and autopsy teports, l 


Results 
Analysis of data from the NHDS seek that dung 


the period’ 1971 through 1985, an estimated 5797 ` 
women were discharged from hospitals with the diag- . 
noses of ectopic pregnancy and induced abortion for- 
pregnancy termination. For the same period, we esti- 


mated that 4;300,783 induced abortions were. per- 
formed in hospitals in the United States. As a result, 
the incidence of ectopic pregnancy concurrent with in- 
duced abortion among hospital discharges for the pe- 


‘riod 1971 through 1985-is estimated to be 1.35/1000 ` 


induced abortions. The rate increased more than two- 
fold, from 0.95/1000 induced abortions during the pe- 


riod 1971 through 1978 to 1.92/'1000 induced, abor- 


tions during the period 1979 through 1985 (Table 1). 


This increase parallels.the increase in the rates of ec- 


topic pregnancy among women whose pregnancies did 
not. terminate in an abortion (Table I). The rates of 


ectopic pregnancy concurrent with induced abortion ` 


were approximately 10 times less than the rates of ec- 
topic pregnancy per 1000 deliveries for all time inter- 
vals (Table I). 


` Among women included in JPSA II and JPSA Ul 


studies, 77 had an ectopic pregnancy. Based on these 
studies, the crude rate of reported ectopic pregnancy 
concurrent with ‘induced abortion for the period 


1971 through 1978 was 0.47/1000 abortions. With ad- j 
justment for follow-up the rate was 0.71/1000 abor- 


tions. When we extrapolated the JPSA data for gesta- 


tional age and age of the woman with the use of'the ' 


national distribution of women obtaining abortions, the 


estimated rate rose to 0.82/1000 induced ahortions 


(Table I). 
In oopan When we used data from the NHDS 
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Table I. Rates of ‘ectopic pregnancy and rates 
of ectopic pregnancy concurrent with induced 
-abortion, United States, 1971- 1985 








Rates of ectopic 
pregnancy concurrent 


Rates of ectopic with induced 





pregnancy per ` abortion per 1000 
1000 deliveries induced abortions 

= NHDS* NHDS* 
1971-1974 734° > 0.73 0.54 
1975-1978 11.55 L15 ° 1.12 
1971-1978 9.43 0.95 0.82 
_ 1979-1985 © 17.92 1.92 NA 
f 1971-1985 -` 13.63 . ; 1.35 NA 


4 *National Hospital Discharge Survey data source. 
{Joint Program for the Study of Abortion data source. Rates 
were adjusted for follow-up and gestation. 


for the sarne period (1971 through 1978); the rate of 
ectopic pregnancy concurrent with induced abortion 
was 0.95/1000 induced abortions. Among women in- 


'. cluded in the JPSA studies, the rate of ectopic prgnancy 
- concurrent with induced abortion increased with age 


and decreased with gestational age for each age group 
(Table I). 


` . From 1972 through 1985, 24 ectopic pregnancy— 
. related deaths among women undergoing legally in- 


duced abortion were reported to the CDC. During the 
same period, the CDC reported 15,131,738 legal abor- 


‘tions in the United States. Analysis of data from the 


NHDS reveals that the rate of ectopic pregnancy con- 
current. with induced abortion during 1972 through 
1985 was 1.36 per 1000 abortions. After application of 
this rate to the total number of abortions reported ‘by 
the CDG; we estimate that during 1972 through 1985 
there were 20,570 cases of ectopic pregnancy concur- 
rent with induced abortion in the United States. As a 
result, the death-to-case rate of ectopic pregnancy con- 
current with induced abortion is 11.7/10000. During 
the same period, 680,000 ectopic pregnancies and 592 
deaths as’a result of ectopic pregnancy were reported 
in the ‘United States,’ representing a death-to-case rate 
‘of 8.7/10,000. — 

All 24 women who died as a result of ectopic preg- 
nancy concurrent with induced abortion died of intra- 
peritoneal hemorrhage. Most were of low gravidity, had 
the--abortions performed by suction curettage, had 
symptoms of ectopic pregnancy within I' week after the 
abortion procedure, had their abortions at <9 weeks’ 
gestation, and had a positive pregnancy test (Table ITI). 
Fifteen women died at home, in transit, or in the emer- 
gency room. The diagnosis of ectopic pregnancy was 


- confirmed by autopsy in 19 women and by laparotomy 


‘in 5. The symptoms of ectopic pregnancy included ab- 
dominal pain (19 women), nausea and vomiting (12 
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Table II. Numbers and rates of ectopic pregnancy concurrent with induced abortion by age and 
gestational age, among women with follow-up and with known age and gestation. 





Age Gestational No. of No. with ectopic Rate per 1000 
group age (wk) abortions pregnancy abortions 
15-24 <8 22,511 26 1.15 

9-12 21,243 2 0.09 

213 14,994 1 0.07 

All gestations 58,748 29 0.49 

25-34 =8 12,619 20 1.58 
9-12 8,370 3 0.36 

213 3,735 1 0.27 

All gestations 24,724 24 0.97 

35-44 =8 2,396 6 2.50 
9-12 1,809 3 1.66 

213 865 0 0 

All gestations 5,070 9 1.78 

All ages <8 37,526 52 1.39 
i 9-12 31,422 8 0.25 

213 . 19,594 2 0.10 

All gestations 88,542 62 0.70 





Data source is Joint Program for the Study of Abortion II and III. 


women), shock (9 women), vaginal bleeding (3 women), 
fever (3 women), and constipation (2 women). Tissue 
was, submitted for pathologic examination after the 
abortion procedure for 20 women; the examination 
showed villi in 6 tissue samples and no villi in 14. Three 
women suspected of having ectopic pregnancy after 
gross examination of the products of conception were 
informed of the possibility but did not return for 
follow-up and could not be contacted. Two women 
could not be contacted after pathology showed no villi. 
On the other hand, nine women with various symptoms 
were sent home from emergency rooms with diagnoses 
‘including mental problems, viral gastroenteritis, pelvic 
inflammatory disease, urinary tract infection, uterine 
perforation, septic abortion, and influenza. 


Comment 


We found comparable estimated rates of ectopic 
pregnancy concurrent with induced abortion with the 
use of two different data sources (Table I). This com- 
parability suggests that the estimates accurately reflect 
the low rates of ectopic pregnancy concurrent with in- 
duced abortion. The crude rate of 0.41/1000 abor- 
tions on the basis of the JPSA II study for the pe- 
riod 1971 through 1974 is consistent with rates re- 
ported from other similar studies for that time period. 
Jerome et al.* in Washington, D.C., reported a rate of 
0.40/1000 procedures among 55,000 women under- 
going induced abortion between 1972 and 1977; 
Tietze?’ reported 17 cases of ectopic pregnancy con- 
current with induced abortion among 72,988 women 
obtaining abortion who were included in the JPSA I 
study conducted by the Population Council during the 
period 1970 through 1971, a rate of 0.38/1000 abor- 
tions; and Wulf" reported seven cases among 16,410 
abortions from 1973 through 1976, a rate of 0.43/1000. 


Our estimated rate of ectopic pregnancy concurrent 
with induced abortion of 1.35/1000 abortions is 10 
times less than the overall rate of ectopic pregnancy of 
13.63/1000 deliveries for the United States between 
1970 and 1985. A number of reasons suggest why 
women who seek abortion may have a lower incidence 
of ectopic pregnancy than those not seeking abortion. 
First, many women with ectopic pregnancies become 
symptomatic early in gestation, seek medical care, and 
as a result, never become candidates for induced abor- 
tion. Second, other women with ectopic pregnancies 
may never seek abortion because they are unaware that 


` they are pregnant, and they remain asymptomatic until 


they are seen as acute surgical emergencies. In a study 
of 300 women with ectopic pregnancies, Brenner et al." 
found that 16% of the women were in this category. 
Third, most abortion providers require positive preg- 
nancy test results before performance of an abortion.” 
Because most of the tests will be slide agglutination 
tests, with a sensitivity of 700 to 1000 mIU human 
chorionic gonadotropin, at least 25% of women with 
ectopic pregnancies will have negative test results and 
thus will not undergo an abortion.'* Fourth, several 
studies have shown a relatively high incidence of pro- 
longed infertility in women in whom ectopic pregnan- 
cies develop.'* '* Women with a history of infertility are 
probably less likely to desire an abortion if they become 
pregnant than are women without this history. For 
these and perhaps other reasons, the rate of induced 
abortion among women with ectopic pregnancies is 
much lower than the rate among other pregnant 
women. We think these factors can explain the 90% 
lower incidence of ectopic pregnancy among women 
who obtain induced abortion. 

Our results also indicate that the rate of this condition 
has increased over time and parallels the rate of in- 
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crease of ectopic pregnancy in the general population 
(Table I). As is the case for ectopic pregnancy in gen- 
eral,’ the rate of ectopic pregnancy concurrent with 
induced abortion among women =35 years of age was 
more than three times higher than the rate among 
women 15 to 19 years old (Table II). Our study also 
revealed that the rate of ectopic pregnancy concurrent 
with induced abortion decreased with gestational age 
for each age group. With later gestation, more women 
‘have symptoms of ectopic pregnancy and are treated 


before they have the opportunity to request an induced — 


abortion. 


Despite the considerably lower incidence of ectopic - 


pregnancy among women undergoing induced abor- 
tion, the risk of mortality for these women was 1.3 times 
higher than that among other women with ectopic 
pregnancies. When we investigated deaths among 
women with ectopic pregnancies concurrent with an 
abortion, we found that the majority were ultimately 
because of a failure to recognize the symptoms of he- 
moperitoneum associated with a ruptured ectopic preg- 
nancy. When an ectopic pregnancy is not recognized 
at the time of the abortion procedure, these women are 
at especially high risk of misdiagnosis during the 
postabortal period; the symptoms may be ascribed to 
abortion complications such as retained products of 
conception or a postabortal infeczion rather than ec- 
topic pregnancy.'® Nine of the 24 deaths in this study 
might have been prevented if ectopic pregnancy were 
suspected when these women were first seen with a 
variety of symptoms after induced abortion. 
Although the importance of examining the products 
of conception for chorionic villi at the time of the pro- 
cedure is established, apparently this approach has not 
been universally adopted.'* '" This examination should 
be conducted before the woman leaves the clinic. In 
this study at least 14 of the 24 women who died did 
not show villi on pathologic examination of the prod- 
ucts of conception. Some of the women were suspected 
of having ectopic pregnancy but were sent home and 
advised to come back for follow-up. All 14 deaths might 
have been prevented if the absence of villi and the 
diagnosis of ectopic pregnancy had been confirmed be- 
fore the patients were sent home. If the clinic depends 
exclusively on an outside patholegy laboratory to ex- 
amine the tissue, the diagnosis of an ectopic pregnancy 
may be dangerously delayed (seven [29%] of the 24 
women died within 1 week of the abortion). If the 
woman leaves the clinic before an absence of villi is 
discovered, contacting her later may be impossible be- 
cause some women use false identities when obtaining 


an abortion.’ In our review of the 24 deaths, three’ 


women suspected of having ectopic pregnancy did not 
return for follow-up and two could not be contacted 
after pathology did not show villi. 

Floating the tissue in tap water or white vinegar fa- 
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Table ITI. Characteristics of women who died 


as a result of ectopic pregnancy concurrent 


with induced abortion, United States, 


1972-1985 
Characteristic Percent 
Age (yr) 
=19 4 16.7 
20-24 6 25.0 
25-29 6 25.0 
30-34 5 20.8 
235 3 12.5 
Race 
White 10 41.7 
Black and other 14 58.3 
Gravidity 
l 6 25.0 
2 6 25.0 
3 6 25.0 
=4 6 25.0 


Duration between abortion and death (days) 


During abortion 3 16.7 
l 1. 4.1 
2-7 3 12.5 
8-14 10 41.7 
15-21 3 12.5 
22-50 4 16.7 
Gestation (wk) 
6-7 gis 37.5 
8-9 7 29.2 
10-12 3 12.5 
213 3 12.5 
Unknown 2 8.3 
Pregnancy test 
Positive 16 66.7 
Negative 2 8.3 
Unknown 6 25.0 
Place of death 
Hospital 9 37.5 
Home 8 33.3 
In transit 3 12.5 
Emergency room 4 16.7 
Pathology result 
Villi 6 25.0 
No villi 14 58.3 
Unknown 4 . 16.7 
Ectopic pregnancy site 
Right tube 14 58.3 
Left tube 10 41.7 


cilitates examination of the products of conception. If 
the characteristic villous structures are not immediately 
visible, backlighting and examination under a low- 
power microscope may be helpful." If villi or fetal parts 
cannot be identified, four possibilities exist: (1) the pro- 
cedure was unsuccessful, (2) the patient was not preg- 


nant, (3) a perforation or false passage was created, or ` 


(4) an ectopic pregnancy is preserit. The patient should 
be reexamined, with particular attention given to the 
adnexa. If indicated, the abortion procedure should be 
repeated. If doubt persists, another pregnancy test and 
formal pathologic examination of the tissue should be 
performed as rapidly as possible. If on the basis of these 
tests no diagnosis could be made, additional diagnostic 
tests should be performed to confirm or rule out an 
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ectopic pregnancy. These tests include culdocentesis, 
sonography, and laparoscopy. If the woman is asymp- 
tomatic and an ectopic pregnancy is not suspected on 
examination, she should be given a thorough expla- 
nation of the situation, briefed on the symptoms of 
ectopic pregnancy, and followed up closely until the 
situation is resolved.'* "7 

In summary, we found that the rate of ectopic preg- 
nancy concurrent with induced abortion is <10% of 
‘the rate among women not obtaining abortions. How- 
ever, the death-to-case rate is higher than that of ectopic 
pregnancy not associated with induced abortion. In at 
least 60% of the deaths, care was delayed because of 
failure to recognize the absence of chorionic villi before 
discharge of the patient and failure to suspect ectopic 
pregnancy in patients first seen with a variety of symp- 
toms after induced abortion. The physician who per- 
forms the abortion should always be responsible for 
confirmation of the presence of the products of con- 
ception. 
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Thrombocytopenia at delivery: A prospective survey of 


6715 deliveries 


Robert F. Burrows, MD,* and John G. Kelton, MD 
Hamilton, Ontario, Canada 


Thrombocytopenia occurred in 513 (7.6%) of 6715 consecutive deliveries that occurred in our hospital over 
a 3-year interval. The patients with thrombocytopenia could be divided into three groups. The largest group 
(65.1%) consisted of healthy women whose thrombocytopenia was incidentally detected. The next group of 
patients (13.1%) was composed of hea‘thy women who had an obstetric or medical condition such as 
diabetes or premature labor. No mother or infant in either group had excessive bleeding, and no infant had 
a cord platelet count <50 x 10° per liter. The last group (21%) was composed of hypertensive patients 
and patients with immune thrombocytopenia. Two infants in this group had cord platelet counts <50 x 10° 
per liter, but neither had bleeding. This study indicates that incidental thrombocytopenia in an otherwise 
well woman at term is the most frequent type of thrombocytopenia and poses no apparent risk for mother 


or infant at delivery. (Am J OgsTeT GYNECOL 1990;162:731-4.) 


Key words: Maternal, neonatal, thrombocytopenia, pregnancy 


Recently we described a 1-year prospective study of 
mothers and their infants born in our hospital.’ We 
found that incidental thrombocytopenia at delivery in 
an otherwise healthy woman was relatively common, 
occurring in 112 (8.3%) of 1357 healthy pregnant 
women. But of greater importance, we found that the 
thrombocytopenia had no clinical impact for either 
mother or child and effectively could be ignored. Our 
results suggest to us that a cesarean section is not re- 
quired for a mother with incidental thrombocytopenia 
found at delivery in whom the dizgnosis of idiopathic 
thromboctopenic purpura (ITP) otherwise might be 
considered. But the potential risk, if this recommen- 
dation was incorrect, also would be considerable be- 
cause the lack of intervention in a patient might result 
in long-term morbidity for the infant. Because of the 
relatively short interval of patient accrual (1 year), it 
theoretically was possible that we could miss a mother 
and infant pair who might have had dangerous mor- 
bidity. For this reason we continued the prospective 
study for 2 years (a total of 3 years). In addition, we 
changed the focus of the study from all mothers to the 
thrombocytopenic mothers and their infants. 


We found that thrombocytopenic patients easily can . 


be divided on clinical grounds into three groups. The 
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first group, which is the largest, includes’ women 
who are otherwise healthy but who have mild inciden- 
tal thrombocytopenia. The second thrombocytopenic 
group, also was healthy but had an obstetric or medical 
condition that did not allow inclusion in the first group. 
For the women of these two groups the cause of throm- 
bocytopenia remains uncertain, but the consequence to 
both mother and the infant is benign. The third group 
included those patients with medical disorder often as- 
sociated with thrombocytopenia. In these patients there 
was higher risk of the infant being thrombocytopenic. 


Methods 


This prospective surveillance study, performed over 
a 3-year period, January 1986 to December 1988, in- 
cluded every mother admitted to our obstetric unit. On 
admission to the labor floor all patients had a complete 
blood count, which included the platelet count. Because 
the study was an anonymous survey of routine hema- 
tologic and obstetric monitoring, the approval of the 
Hospital’s Ethics Committee was not required. We de- 
fined a woman as normal only if all the following cri- 
teria were satisfied: the patient came to the hospital 
with a singleton pregnancy; the length of gestation was 
=37 weeks; the patient did not have a history of throm- 
bocytopenia or bleeding disorder; and the patient did 
not have an, underlying medical disorder. 

To facilitate comparison, we divided the remaining 
mothers into the following groups: (a) otherwise nor- 
mal, but with premature labor at <37 weeks’ gestation; 
(b) otherwise normal, but with twins or triplets; (c) 
otherwise normal, but with gestational or insulin de- 
pendent diabetes; (d) the patient had the diagnosis of 
ITP; or (e) the patient had a hypertensive disorder of 
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Table I. Classification of thrombocytopenic 
mothers and the rate of thrombocytopenia 
(platelet count <150 x 10° per liter) in 
their infants 











Neonatal 
thrombocytopenia 95% 
Maternal classification Confidence 
(No.) limits 





Normal (334) 12/300 4.0 1.8-6.2 

Preterm delivery 3/31 9.7 0.0-20.1 
(<37 wks) (31) 

Gestational diabetes (4) 1/4 25 0.0-67.4 

Insulin-dependent dia- 3/7 42.9 6.3-79.5 
betes (9) 

Uncomplicated twins 3/42 7.1 0.0-14.9 
(21) i ; 

Uncomplicated triplets 1/6 16.7 .0.0-46.5 
(2) 

Hypertension (93) 10/86 11.6 4.9-18.4 

Idiopathic thrombocy- 6/11 54.5 25.1-83.9. - 
topenic purpura (11) i 

Systemic lupus erythe- 0/2 0 
matosis (2) 

Others (6) 0/5 0 

TOTAL (513) 39/494 7.9 5.5-10.3 


pregnancy (systolic and diastolic blood pressure >140 _ 


and 90 mm Hg, respectively). Women with twins or 
diabetes and hypertension were included in the hy- 
pertensive group. 

At birth, all the infants born to mothers with throm- 
bocytopenia had a cord platelet count performed. Be- 
cause of technical reasons, sample results were not 
available for all infants. Infants whose cord platelet 
counts were not available were evaluated clinically by 
one of us (R. B.). The criteria for a neonatal hemostatic 
event was the presence of any one of the following: 
spontaneous bruising, petechiae, or excessive bleeding 
at puncture sites on the heel. 

Platelet counts. Platelet counts were performed on 
an ethylenediaminetetraacetic acid specimen with the 
use of a Coulter counter (Coulter Electronics, Hialeah, 
Fla.). Thrombocytopenia (a platelet count <150 x 10° 
per liter) was confirmed by examination of the stained 
peripheral blood film to exclude the possibility that 
platelet clumping had caused pseudothrombocyto- 
penia. 


Results 


During the 3-year study there were 6750 deliveries 
in our obstetric unit. Thirty-five patients (0.5%) gave 
birth before or at the time of their arrival at the hospital, 
consequently a platelet count was not performed an- 
tenatally. Platelet counts were performed and reviewed 
for the remaining 6715 women. These 6715 deliveries 
include an initial 2263 patients described in part pre- 
viously,’ plus the next 2 consecutive years of accrual, 
which comprised 4452 deliveries. In our previous 
study! we related the platelet count of all mothers, both 
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Table II. Classification of mothers with 
platelet counts <100 x 10° per liter and the 
rate of thrombocytopenia (platelet count 
<150 x 10° per liter) among their infants 










Neonatal 
thrombocytopenia - 


Maternal classification (No.) 
Normal (17) 1/17 5.9 
Preterm delivery <37 wk (1) 0/1 
Insulin-dependent diabetes (1) 0/1 
Twins (1) 0/2 
Hypertension (34) 5/35 14.3 
Idiopathic thrombocytopenic 3/8 . 37.5 
purpura (8) : 
Systemic lupus erythematosis (1) 0/1 
TOTAL (63) 9/65 13.8 


thrombocytopenic and nonthrombocytopenic, to the 
infant’s cord platelet count. In the current study, we 
excluded nonthrombocytopenic mothers, and related 
the rate of infant cord thrombocytopenia to the cause 
and severity of the maternal thrombocytopenia. 

A total of 513 mothers had a platelet count at deliv- 
ery of <150 x 10° per liter (Table I) for an overall rate 
of thrombocytopenia of 7.6% (95% confidence limits, 
7.0% to 8.2%). Sixty-three mothers (0.9%, 95% confi- 
dence limits 0.7% to 1.1%) had a platelet count at de- 
livery of <100 x 10° per liter (Table II, Fig. 1). 

Neonatal cord platelet counts were available for 494 
of the 537 (92%) infants delivered from the 513 throm- 
bocytopenic women. For these infants, the rate of 
thrombocytopenia was 7.9% (95% confidence limits 
5.5% to 10.3%); however, a cord platelet count <50 x 
10° per liter was noted in only two infants (one infant 
born to a mother with ITP and one to a hypertensive 
mother). Of the 43 missing infant cord platelet counts, 
34 were from the normal patient category. None of 
these infants had clinical evidence of thrombocyto- 
penia. 

Healthy mothers with incidentally detected throm- 
bocytopenia. A total of 65% of all thrombocytopenic 
patients (334 women) were in the normal, uncompli- 
cated pregnancy group (Table I). Cord samples were 
obtained from 300 of these infants and 12 (4.0%, 95% 
confidence limits, 1.8% to 6.2%) had thrombocyto- 
penia. The occurrence of thrombocytopenia in this 
group of mothers and infants was consistent over the 
3 years of study: 112 normal mothers had thrombo- 
cytopenia in 1986 and 4 of 93 (4.3%, 95% confidence 
limits 0.2% to 8.4%) infants of these mothers had 
thrombocytopenia, as previously reported’; in compar- 
ison, 222 normal mothers in 1987 to 1988 had throm- 
bocytopenia and 8 of 207 (3.9%, 95% confidence limits 
1.3% to 6.5%) infants of these mothers had thrombo- 
cytopenia. None of the 334 infants had clinical evidence 
ofa hemostatic impairment. No infant had a cord plate- 
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Fig. 1. Relationship of maternal platelet counts <100 x 10° per liter to the neonatal cord plate- 
let count in patients with incidentally detected thrombocytopenia (®) and anticipated throm- 
bocytopenia : hypertensive disorders of pregnancy (0), autoimmune thrombocytopenia (A). 


let count <50 X 10° per liter. Of these 334 women, 17 
had platelet counts <100 x 10° per liter (Table I1). The 
lowest maternal platelet count was 43 X 10° per liter 
but the other 16 were >80 x 10° per liter. One of the 
17 infants had a cord platelet count of 136 x 10° per 
liter; the rest were >150 X 10° per liter. 

All patients with incidentally detected thrombocy- 
topenia, including the patient with the platelet count 
of 43 x 10° per liter, had a platelet count that was re- 

‘turning to or exceeded the normal value of 150 x 10° 
per liter by the seventh day post partum. 

Mothers with an obstetric or medical complication 
and thrombocytopenia. This group of patients (13.1% 
of all thrombocytopenic patients) was composed of 
mothers who were otherwise well but had an obstetric 
(premature labor, multiple births) or a medical condi- 
tion (diabetes) that prevented their inclusion in the 
healthy normal group of mothers (Table I). The ob- 
served rate of neonatal thrombocytopenia was 12.2% 
(95% confidence limit 5.4% to 19.0%). No infant had 
a cord platelet count <50 x 10° per liter. 

Mothers with conditions of anticipated thrombo- 
cytopenia. This group (20.7% of all thrombocytopenic 
patients) consisted of mothers with medical disorders 
(hypertension, ITP, systemic lupus erythematosis) com- 
monly associated with thrombocytopenia (Table I). 

Thrombocytopenia was observed in 10 of 86 infants 
(11.6%, 95% confidence limits 4.9% to 18.4%) born to 
93 hypertensive mothers with thrombocytopenia. One 
infant had a platelet count <50 x 10° per liter (38 x 
10° per liter). - —_ 

Thrombocytopenia occurred in 13 mothers with the 
diagnosis of autoimmune thrombocytopenia (11 with 
ITP and 2 with systemic lupus erythematosis). Six in- 


fants born to ITP mothers (54.5%) were thrombocy- 
topenic, but in only one was the platelet count <50 x 
10° per liter (24 x 10° per liter). Neither infant of the 
mothers with systemic lupus erythematosis had throm- 
bocytopenia. 


Comment 


The widespread use of automated cell counters has 
led to the recognition that incidental thrombocytopenia 
in an otherwise well pregnant woman at term is a rel- 
atively common event.' But unexpected thrombocyto- 
penia also is consistent with the diagnosis of ITP, a 
diagnosis that has therapeutic implications for both 
mother and her infant. Recently we described a 1-year 
prospective study investigating the incidence and im- 
pact of thrombocytopenia in healthy mothers and their 
infants.' We found that incidental thrombocytopenia 
was a common occurrence in healthy pregnant women 
(8%), but it was a laboratory abnormality only and did 
not signal risk for mother or her infant. Consequently, 
we suggested that no interventions were required. Be- 
cause we recommended not to intervene in a patient 
who, according to previously accepted medical practice, 
might have had a special treatment (delivery cesarean 
section), we considered it important to be as confident 
of our results and recommendations as possible. For 
this reason we continued the study for 2 years (3 years 
in total). Again, we were careful to monitor all mothers 
and their infants to ensure a complete sample. The 
results of the current study not only extended our pre- 
vious observations and conclusions but generated sev- 
eral new observations. The first is that patients with 
thrombocytopenia identified at the time of delivery 
(7.6% of our 6715 deliveries) can easily be divided into 
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three groups on the basis of clinical grounds. The larg- 
est group (65%) includes women who are healthy and 
asymptomatic. In these women, a platelet count deter- 
mination normally would not be requested. Indeed, 
until the advent of automated cell counters, the throm- 
bocytopenia in these women would have gone unde- 
tected. The incidental thrombocytopenia that we ob- 
served in these patients was not seasonal or. epidemic, 
and for these women there was no impact of the throm- 
bocytopenia. They had standard obstetric care, which 
often included epidural analgesia. Thrombocytopenia 
occurred in the infants of these mothers at a rate of 
4.3% in 1986 and 3.9% in 1987 to 1988, for an overall 
rate of 4%, which was the same frequency as neonatal 
thrombocytopenia occurring in infants born to healthy 
and nonthrombocytopenic women.' The majority of 
these healthy women with incidental thrombocytopenia 
had a platelet count that fell between 100 and 150 x 
10° per liter; however, 17 of the 334 women (5%), 
(Table II, Fig. 1), had a platelet count <100 x 10° per 
liter. Again, none of these infants were adversely af- 
fected. Hence, we suggest that healthy women at de- 
livery who have a platelet count of 80 to 150 x 10° per 
liter require no specific treatment and the mode of 
delivery should be determined only by obstetric indi- 
cations. 

The second asymptomatic group had an obstetric or 
medical condition (multiple births, preterm birth, or 
diabetes) and incidental thrombocytopenia. In this 
group the rate of neonatal thrombocytopenia was 
12.2% (95% confidence limits 5.4% to 19.0%). Al- 
though we are uncertain whether the rate of neonatal 
thrombocytopenia is an aberration of the aggregate 
sample size or implies pathologic mechanisms, none of 
these infants had a cord platelet count <50 x 10° per 
liter. Our study suggests that no specific maternal treat- 
ment is required and the mode of delivery can be de- 
termined by obstetric indications only. 

The third group, which comprised approximately 
22% of the thrombocytopenic women, had an obvious 
disorder in which thrombocytopenia is an anticipated 
finding and consequently the low maternal platelet 
count was not unexpected. These patients included 
women with hypertension and women with a history of 
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immune-mediated disorders in which thrombocyto- 
penia can be a manifestation. The risk of neonatal 
thrombocytopenia in this group was significantly higher 
than that in the healthy mothers with incidental throm- 
bocytopenia (16.2% overall), and two infants had a 
platelet count <50 x 10° per liter. — 

Our study focused on platelet counts that were first 
determined at the time of delivery. The issue then be- 
comes whether any of these patients had thrombocy- 
topenia earlier in the pregnancy. Another way of stating 
this question is whether a patient who is examined at 
any time during pregnancy with mild to moderate 
thrombocytopenia has incidental thrombocytopenia or 
ITP. Unfortunately, the current study did not address 
this issue because platelet counts were not collected 
from the patients across their pregnancy. Nonetheless, 
one can postulate that if a mother had mild ITP first 
seen early in the pregnancy, then the thrombocytopenia 
presumably would have persisted until delivery. Such 
a patient would have been classified as falling within 
the healthy mother with incidentally detected throm- 
bocytopenia group. And because no mother nor infant 
within this group that comprised >300 patients had 
any morbidity, it is tempting to speculate that any moth- 
ers with thrombocytopenia seen earlier in the preg- 
nancy also will have had a good outcome. Indeed, our 
observations indirectly suggest that ITP in pregnancy 
may have a far less severe implact on the infant than 
has generally been thought likely. * 

This study indicates that incidental thrombocyto- 
penia in an otherwise well woman at term is the most 
frequent type of thrombocytopenia and poses no ap- 
parent risk for mother or infant at delivery. 
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Platelet count in normal, small, and anemic fetuses 


Michiel C. Van den Hof, MD, and Kypros H. Nicolaides, MD 
London, England 


A reference range for fetal platelet count with gestation was established from the study of samples obtained 
by cordocentesis from 229 pregnancies that had prenatal diagnosis. The mean platelet count increased from 
187 + 47 x 10°/L at 15 weeks to 274 + 47 x 10°/L at 40 weeks’ gestation. In 113 red cell—isoimmunized 


pregnancies, the moderately anemic fetuses were significantly thrombocythemic, whereas the severely 
anemic fetuses were thrombocytopenic. In 136 small-for-gestational-age fetuses the platelet count was 
reduced and there were significant correlations between the magnitude of the thrombocytopenia and the 
degree of fetal smaliness, hypoxemia, and acidemia. (Am J Oastet GyNecoL 1990;162:735-9.) 


Key words: Fetal hematology, thrombocytopenia, red cell isoimmunization, intrauterine 


growth retardation, cordocentesis 


There are few reports of thrombopoietic ontogeny 
or the role of platelets in intrauterine life. This study 
establishes a reference range for fetal platelet count 
with gestation and examines the possible effects of 
a hostile intrauterine environment on fetal platelet 
numbers. 


Patients and method 


In this cross-sectional study the platelet count was 
measured in fetal blood samples obtained by cordo- 
centesis from 113 red cell—isoimmunized pregnancies 
and, 136 pregnancies with small-for-gestational-age 
(SGA) fetuses. The values were compared with a ref- 
erence range constructed from the study of 229 preg- 
nancies that had prenatal diagnosis. Cases were in- 
cluded only if the fetuses were found to be cytogenet- 
ically normal and not to be afzected by the blood 
disorder or infection for which they were tested. The 
red cell—isoimmunized patients were referred for cor- 
docentesis and, if necessary, intravascular fetal blood 
transfusion. Only data from fetuses that had not re- 
ceived transfusions were considered for this study.’ In 
the SGA group, patients were referred for fetal karyo- 
typing and fetal blood gas analysis because the fetal 
abdominal circumference was 2 to 10 SDs below the 
normal mean for gestation. In 97 cases the amniotic 
fluid volume was subjectively assessed by ultrasonog- 
raphy to be reduced; in 46 cases there was oligohy- 
dramnios. Only those fetuses with no structural ab- 
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normalities and cytogenetic evidence of a normal 
karyotype were included in this study. 

Cordocentesis was performed without maternal se- 
dation or fetal paralysis. The umbilical cord vessel sam- 
pled was identified as artery or vein by ultrasonically 
detectable turbulence after the intravascular injection 
of 400 ul of normal saline solution. Fetal blood samples 
(180 pl) were collected into 20 yul of isotonic edetic acid 
solution (0.5 mmol/L in 0.15 mmol/L sodium chloride) 
and the platelet count (10°/L) was determined with 
a Coulter S-Plus counter (Coulter Electronics Ltd., 
Luton, England). Kleihauer testing confirmed that all 
samples contained only fetal blood. All SGA fetuses also 
had samples drawn for blood gas analysis (Radiometer 
ABL 330; Copenhagen, Denmark). 

Regression analysis (Statistics Package for Personal 
Computers, P. Royston, Timberlake Clarke Ltd., 40B 
Royal Hill, London, England SE10) was used to gen- 
erate the reference range (mean and 95% confidence 
intervals) for fetal platelet count with gestation. An 
unpaired Student’s ż test was applied to determine 
whether the platelet count in SGA and red cell— 
isoimmunized fetuses significantly differed from this 
normal range. In both groups of fetuses the platelet 
count was then expressed as the number of SDs by 
which individual values differed from the normal mean 
of the same gestation (A value). Similarly, by compar- 
ison with established reference ranges, A values were 
obtained for Po, and pH for the appropriate fetal vessel 
sampled, for fetal abdominal circumference, and for 
hemoglobin concentration.* * Regression analysis was 
then used to define any correlation between A platelet 
count and the A values of these variables. 


f Results 


‘In the control pregnancies the fetal platelet count 
increased linearly with gestation from a mean of 
187 x 10°/L at 15 weeks to 274 x 10°/L at 40 weeks’ 
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Fig. 1. Reference range (mean and individual 95% confidence intervals) of fetal platelet count 
(10°/L) with gestation derived from the study of 229 pregnancies. Those undergoing prenatal 


diagnosis by cordocentesis are shown by ®. 
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Fig. 2. Fetal platelet count (10°/L) in 113 red blood cell—isoimmunized pregnancies (®) plotted on 
the reference range for gestation, There are 13 cases of thrombocytopenia and 11 cases of throm- 


bocytosis. 


gestation (Fig. 1; r = 0.381, n = 229, p < 0.0001, con- 
stant = 129.5, slope = 3.62, residual SD = 46.74). 
The fetuses from red blood cell—isoimmunized preg- 
nancies were classified as not anemic (n = 18), mod- 
erately anemic (n = 43), or severely anemic (n = 52) 
if their hemoglobin concentration was less than 2, 2 to 
7, or more than 7 SDs below the normal mean for 
gestation, respectively. In the latter group 31 of the 
fetuses were hydropic. Although the fetal platelet count 
was not significantly different from that of the control 
subjects (¢ = 0.062, p = 0.54), there were 13 cases of 


thrombocytopenia and 11 of thrombocytosis (Fig. 2). 
There was a significant correlation between the A 
hemoglobin concentration and A platelet count that 
was best described by a quadratic equation (Fig. 3; 
r = 0.518, n = 113, p < 0.001, constant = 0.245, lin- 
ear constant = — 0.399, quadratic constant = — 0.508, 
residual SD = 1.322). Thus in the nonanemic fetuses 
the platelet count was not significantly different from 
the control subjects (¢ = 1.64, p = 0.12), whereas in 
the moderately anemic fetuses the platelet count was 
significantly higher than control subjects (¢ = 3.55, 
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Fig. 3. In red blood cell—isoimmunized pregnancies there is a quadratic correlation between the 
fetal A hemoglobin and the A platelet count; 31 of the fetuses were hydropic (0). 
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Fig. 4. Platelet count in 136 SGA fetuses (@) plotted on the reference range for gestation. 


p < 0.0001), and in severely anemic fetuses the platelet 
count was significantly lower than controls (t = 3.55, 
p < 0.001). In the latter group, both the hemoglobin 
deficit and platelet count deficit were significantly 
higher in the hydropic than in the nonhydropic fetuses 
(t = 4.38, p < 0.001, and ¿ = 3.97, p < 0.001, respec- 
tively). 

In the group of SGA fetuses, the platelet count 
was significantly lower than the reference range (Fig. 
4; t = 14.97, p < 0.0001). Furthermore, there were 
significant correlations between the A platelet count 
and the A Po, (r = 0.260, n = 136, p < 0.005, con- 
stant = — 1.084, slope = 0.203, residual SD = 1.122), 
A pH (r= 0.250, n = 136; p< 0.005, constant = 


— 1.252, slope = 0.131, residual SD = 1.129), and A 
abdominal circumference (r = 0.315, n = 136, p< 
0.005, constant = —0.398, slope = 0.202, residual 
SD = 1.115). There was no significant correlation be- 
tween A platelet count and gestation (r = 0.010). 


Comment 

In normal pregnancy the fetal platelet count in- 
creases linearly with gestation; this presumably reflects 
the progressive maturation of the hematopoietic sys- 
tem. This finding is in accordance with published data 
obtained from second-trimester fetuses sampled at 
fetoscopy and cord blood obtained after delivery at 
term.** In the developing fetus, platelet production 


738 Van den Hof and Nicolaides 


accompanies the rest of the hematopoiesis through 
overlapping anatomic and functional states, and mega- 
karyocytes have been observed in liver and spleen as 
early as 7 weeks’ gestation.® : 

In pregnancies complicated by red blood cell iso- 
immunization, the fetus is subjected to varying degrees 
of anemic hypoxia and compensates for this anemia 
with increased erythropoiesis; in moderate anemia this 
is intramedullary, whereas in fetuses with severe ane- 
mia there is recruitment of extrainedullary erythro- 
poietic sites.* In moderate anemia the platelet, count is 
decreased; this is analogous to some forms of postnatal 


anemia in which reactive thrombocytosis has also been ` 


described.’ 

In cases of severe anemia the threshold for cardio- 
vascular compensation is surpassed and tissue hypoxia, 
as well as erythroblastosis, systemic lactic acidosis, and 
hydrops fetalis, develop.* In these fetuses there is rel- 
ative thrombocytopenia that is most marked in the pres- 
ence of hydrops. These data confirm the findings of 
earlier reports on fetal blood samples obtained at fe- 
toscopy or cordocentesis and neonatal studies in which 
there is concomitant thrombocytopenia in severe eryth- 
roblastosis fetalis that is occasionally associated with 
hemorrhagic manifestations.*" Possible mechanisms 
for this thrombocytopenia induce decreased platelet 
production and increased platelet destruction or se- 
questration. In cases of severe anemia the enormous 
erythropoietic activity of the fetal bone marrow, liver, 
and spleen may impair thrombopoiesis by stem-cell 
lines. Alternatively, in some cases there may be relative 
failure of hematopoiesis in general, either because of 
tissue hypoxia and lactic acidosis or as a consequence 
of deficiency in hematinics. The latter may be analo- 
gous to the megaloblastic crisis that is a well-recognized 
complication of hemolytic anemia. . 

Proposed mechanisms of increased platelet destruc- 
tion include bilubirin toxicity and consumptive coag- 
ulopathy. Although hemolysis is associated with the lib- 
eration of thromboplastin, in erythroblastosis fetalis red 
cell destruction is extravascular and consequently the 
release of any thromboplastin-like substances is unlikely 
to induce disseminated intravascular coagulation and 
platelet consumption, Indeed Ekert and Mathew" have 
demonstrated that the thrombocytopenia of severe 
erythroblastosis is not accompanied by hypofibrinogen- 
emia. Similarly, although bilirubin induces functional 
and morphologic changes in the platelet that may re- 
duce its life span, placental clearance for bilirubin is 
effective and even in the presence of severe hemolysis 
it is unlikely that toxic levels are reached." 

An alternative cause of thrombocytopenia is seques- 
tration of platelets as a consequence of the accompa- 
nying splenomegaly. Postnatally, approximately 30% of 
the total platelet mass is concentrated in the spleen but 
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in splenomegaly there is a redistribution of cells and 
up to 90% of platelets may be sequestered in the spleen 
at the expense of the peripheral circulation. * However, 
in red blood cell isoimmunization, fetal splenomegaly 
does not occur abruptly at the hemoglobin deficit of 
7 mg/dl that demarcates the level associated with 
thrombocytopenia. Furthermore, in thrombocytopenic 
neonates the platelet count frequently returns to nor- 
mal long before splenomegaly resolves." 

Some SGA fetuses are thrombocytopenic and the 
magnitude of platelet deficit is significantly related to 
the degree of smallness as well as fetal hypoxemia and 
acidemia. Thrombocytopenia may be a result of de- 
creased production, increased destruction of platelet, 
or both. As in red cell—isoimmunized fetuses, impaired 
thrombopoiesis may be the result of tissue hypoxia and 
acidosis or deficiency of essential nutrients. However, 
unlike red blood cell isoimmunization in which the pos- 
tulated deficiency of “hematinics” is a result of in- 
creased consumption, in SGA fetuses this is likely to be 
the result of reduced placental perfusion and transport. 
It has already been established that such fetuses are 
hypoglycemic and deficient in essential amino acids, 


- and similar mechanisms could cause deficiency in other 


essential nutrients. 

In pregnancies complicated by severe fetal growth 
retardation irrespective of the presence of preeclamp- 
sia, there is histologic evidence of placental vasculop- 
athy. This may be associated with fetal consumptive 
coagulopathy and platelet destruction.'® Y Wilcox 
et al.” reported reduced platelet counts in cord blood 
obtained at delivery from both normotensive and hy- 
pertensive pregnancies in which antenatal Doppler 
studies of the umbilical artery had demonstrated high 
placental vascular resistance. They suggested that as a 
consequence of this placental vascular pathologic con- 
dition, there is increased platelet aggregation and con- 
sumption. Alternatively, the primary pathologic con- 
dition in these pregnancies is a local imbalance of pros- 
tanoids in favor of thromboxane A», which causes 
vasoconstriction and platelet aggregation and conse- 
quent damage to the ‘placental vasculature, placental 
insufficiency, and ultimately growth retardation. The 
extent to which these changes can be prevented or re- 


-versed by low-dose acetylsalicylic acid remains to be 


determined. 

In normal pregnancy the fetal platelet count in- 
creases with gestation. This increase must be consid- 
ered whenever prenatal diagnosis of thrombocytopenia 
is attempted. Both extreme anemia and severe growth 
retardation are associated with fetal thrombocytopenia. 
The intrauterine factors responsible for the reduc- 
tion in platelet number may also impair platelet func- 
tion. The combination of thrombocytopenia and plate- 
let dysfunction may then be responsible for some of 
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the hemorrhagic complications observed in severely 
growth-retarded neonates. 
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The neuropeptide histidyl proline diketopiperazine throughout 
human pregnancy: An inverse correlation with | 
amniotic fluid prolactin 


Gordon C. Wolf, PhD, MD,** Charles W. Hilton, MD,° Chandan Prasad, MD,‘ 
Joseph M. Miller, Jr., MD, and Ian H. Thorneycroft, PhD, MD* 


New Orleans, Louisiana 


Histidyl proline diketopiperazine values have been established in human amniotic fluid (n = 81) and 
maternal serum (n = 36) throughout gestation (10 to 42 weeks). Newborn cord serum (n = 10) and 
first-voided fetal urine (n = 10) levels were also documented. These measurements reveal increasing 
amniotic fluid levels with term gestation values (15,551 pg/ml) nearly thirteen-fold higher than maternal 
serum concentrations (1150 pg/ml). Corresponding fetal urine and cord serum concentrations were 16,781 
and 2160 pg/ml, respectively. The amniotic fluid values are not influenced by fetal sex or maternal labor, 
nor do they correlate with amniotic fluid a-fetoprotein levels. However, there is a significant inverse 
correlation (r = —0.628; p < 0.0001) between amniotic fluid prolactin and histidyl proline diketopiperazine 
after midgestation. The hypothesis that histidyl proline diketopiperazine may be a regulatory peptide for 
decidua! prolactin production was tested by culturing term decidua in the presence of varying 
concentrations of histidyl proline diketopiperazine, but no inhibitory effect was observed. Decidual cultures 
did not produce measurable amounts of histidyl proline diketopiperazine. It is suggested that amniotic fluid 


histidy! proline diketopiperazine is derived from fetal urine. (AM J Oaster GYNECOL 1990;162:740-5.) 


Key words: Cyclo (histidyl-proline) in pregnancy, amniotic fluid cyclo (histidy]-proline), 


prolactin correlation with cyclo (histidyl-proline) 


Histidyl proline diketopiperazine [cyclo (His-Pro)] is 
a neuropeptide known to elicit numerous biologic ac- 
tions in mammals.’ First recognized and established as 
the cyclic dipeptide metabolite of thyrotropin-releasing 
hormone,’ it has been speculated that cyclo (His-Pro) 
may also arise from de novo synthesis from amino acid 
precursors, endopeptidase cleavage of the thyrotropin- 
releasing hormone precursor peptide, and exogenous 
food sources.' 

The biologic activity of cyclo (His-Pro) was first es- 
tablished in the central nervous system and has been 
most extensively studied there. Proven central ner- 
vous system effects are multiple and include (1) induc- 
tion of hypothermia, (2) inhibition of water intake, (3) 
antinociception, (4) augmentation of amphetamine- 
induced stereotypic behavior, (5) augmentation of the 
sedative effects of pentobarbital, and (6) attenuation of 


From the Sections of Reproductive Endocrinology’ and Maternal- 
Fetal Medicine,’ Department of Obstetrics and Gynecology, and the 
Section of Endocrinology,’ Department of Medicine, Louisiana 
State University School of Medicine, and the Section of Repro- 
ductive Endocrinology, Department of Obstetrics and Gynecology,‘ 
Tulane University School of Medicine. 

Received for publication April 19, 1989; revised September 1, 1989; 
accepted October 11, 1989. 

Reprint requests: G. C. Wolf, MD, Section of Reproductive Endo- 
crinology, Department of Obstetrics and Gynecology, Tulane Uni- 
versity School of Medicine, 1430 Tulane Ave., New Orleans, LA 
70112. ` 

6/1/17393 


740 


sedative effects of ethanol and ketamine. A review of 
these central nervous system effects supports the con- 
cept that cyclo (His-Pro) may function as a dopamine 
agonist.* 

Studies of the endocrine effects of cyclo (His-Pro) 
have primarily involved prolactin secretion, although 
it has been reported that cyclo (His-Pro) induced 
marked inhibition of insulin and glucagon secretion by 
rat pancreatic islets.* Inhibition of prolactin secretion : 
has been reported in rats’ and monkeys,® and in human 
prolactinoma cell cultures.’ Such effects were not 
noted, however, in human subjects.® 

Specific receptors for cyclo (His-Pro) have been iden- 
tified in both the liver and adrenal cortex. The binding 
sites are stereospecific and are down-regulated by cyclo 
(His-Pro).° '° To date, such receptors have not been 
identified in the central nervous system’; whether such 
receptors may be found in the reproductive tract re- 
mains to be investigated. 

Prolactin in pregnancy appears to involve the three 
separate and independent compartments of mother, 
fetus, and amniotic fluid.’' Thus maternal and fetal 
serum prolactin levels increase throughout pregnancy 
and peak at term"; alternatively, amniotic fluid pro- 
lactin levels tend to rise rapidly after 10 weeks to peak 
near midgestation and subsequently decline to term." 
Amniotic fluid prolactin is produced by the maternal 
decidua ‘and transported across the fetal membranes 
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Fig. 1. Amniotic fluid cyclo (His-Pro) versus gestational age. 


and, as such, is virtually independent of maternal pro- 
lactin. i ; 

In light of the foregoing discussion and our recent 
identification of cyclo (His-Pro) in term amniotic fluid,” 
we hypothesized that this dipeptide may be a control 
mechanism for decidual prolactin. We report the re- 
sults of our investigations of cyclo (His-Pro) and pro- 
lactin concentrations in amniotic fluid and maternal 
serum from 10 weeks’ gestation to term. We also report 
and compare the measurements in fetal cord serum 
and newborn fetal urine samples. Finally, prolactin pro- 
duction by in vitro explant cultures of term decidua in 
the presence of varying concentrations of cyclo (His- 
Pro) is reported, in addition to the apparent lack of 
cyclo (His-Pro) production by decidúal tissue. 


Material and methods 


Patient population. Samples were collected over a 6- 
month period from April through September, 1988 
from pregnant subjects. All samples were obtained in 
accordance with a previously approved university in- 
stitutional review board protocol. Women who were 
taking any medications other than vitamin or iron sup- 
plementation were excluded; thus those with diabetes 
or hypertension or other medical complications were 
not studied. Thyroid laboratory screening was per- 
formed only when clinically indicated. The cohort was 
nearly equally distributed between white and black 
women. 


Sample collection. Amniotic fluid was obtained by 
one of three procedures. For all samples up to 22 weeks’ 
gestation (n = 28), the fluid was isolated at the time 
of medically indicated amniocentesis, generally for 
increased maternal age, or elevated or depressed 
maternal serum a-fetoprotein levels. All such speci- 
mens were obtained transabdominally under ultra- 
sonographic guidance. Any samples that were grossly 
bloody were discarded. 

Specimens in later gestation were the product of 
transabdominal amniocentesis for evaluation of fetal 
lung maturity (n = 23) or to rule out possible fetal im- 


. mune sensitization (n = 6); alternatively, samples were 


aspirated as the uterus was opened at the time of ce- 
sarean section (n = 13), or transvaginally at the time 
of spontaneous or artificial rupture of fetal membranes 
{n = 11). In all cases, the fluid was immediately cen- 
trifuged at 2500 rpm for 10 minutes to remove any 
debris, including vernix caseosa and red blood cells. No 
samples containing meconium were included. The su- 
pernatant was then removed and stored at — 80° C until 
assays were performed. Maternal serum samples were 
obtained by standard venipuncture techniques with an 
18-gauge needle in an antecubital vein. All samples 
were drawn between 7 and 11 AM; the most recent food 
intake was not ascertained. 

In addition to maternal serum and amniotic fluid 
obtained simultaneously as described, newborn mixed 
cord blood was collected immediately after the infant 
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Fig. 2. Log [cyclo (His-Pro)] verstis gestational age. © 


was delivered and the cord was cut and clamped. The 
sample was centrifuged within 30 minutes and the se- 
rum was separated and frozen. 

First-voided newborn urine was obtained in the de- 
livery room or within 6 hours of birth. As the infant 
spontaneously voided within minutes of birth, the sam- 
ple was collected in an open container; alternatively, 
the specimen was collected by attaching a plastic urine 
bag to the neonate (Hollister, Toronto). Samples were 
subsequently frozen at — 80° C. 

Assays. Cyclo (His-Pro) was measured by a radio- 
immunoassay as described previously for human am- 
niotic fluid,“ human plasma," and human urine. 
Briefly, incubations were performed in 10 x 75 mm 
glass tubes for 48 hours at 4° C. The assay mix- 
ture consisted of 100 pl of iodine 125—labeled cyclo 
(His-Pro) (12,000 to 15,000 dpm), 100 pl of rabbit 
anti-serum to cyclo (His-Pro) (diluted 1:6000 in 
0.05 mol/L ethylenediaminetetraacetic acid in 0.25% 
phosphate-buffered saline solution), 100 wl of 0.25% 
bovine serum albumin in phosphate-buffered saline so- 
lution, and 100 yl of either standard cyclo (His-Pro) 
(Sigma Chemical Co., St. Louis) or sample (unex- 
tracted). After incubation, free and antibody-bound cy- 
clo (His-Pro) were separated by centrifugation for 20 
minutes at 2000 rpm at 4° C after 1 ml of 17.5% poly- 
ethylene glycol with 4 gm/ml bovine a-globulin was 
added. The supernatant was aspirated and discarded 
and the pellet was counted. Intraassay and interassay 
variation was 10% and 12%, respectively. 


Prolactin was measured by a solid-phase '*I ra- 
dioimmunoassay (Diagnostic Products Corporation, 
Los Angeles). The assay was standardized with World 
Health Organization second international reference 
preparation of human prolactin for radioimmunoassay 
(75/504). Samples of amniotic fluid were diluted 
1:10 with phosphate buffered saline solution before 
assay, whereas serum and urine were measured undi- 
luted. Intraassay coefficient of variation was 8.3% and 
interassay variation was 11%. a-Fetoprotein was assayed 
similarly with a I radioimmunoassay (Diagnostic 
Products Corporation). 

Decidual culture. Decidual tissue was obtained from 
fresh human chorionic membranes immediately after 
uncomplicated term vaginal deliveries. Explants of ap- 
proximately 100 mg wet weight were minced, rinsed 
twice with cold phosphate-buffered saline solution, and 
then incubated in 1 ml of Dulbecco’s modified Eagle 
medium supplemented with sodium pyruvate (0.11 
gm/L), glucose (1 gm/L), penicillin (1 x 10° U), strep- 
tomycin (1000 mg), amphotericin B (2.5 x 107 U), 
and 10% fetal calf serum at 37° C in an incubator 
containing an atmosphere of 95% air and 5% carbon 
dioxide. The cultures were done in 24-well plates and 
individual experiments were carried out in quadrupli- 
cate. In addition to controls, the explant cultures were 
done in medium containing cyclo (His-Pro) in concen- 
trations of 1, 10°, 10*, and 10° pg/ml. The media were 
changed at 24 and 96 hours. In separate crossover 
experiments, cyclo (His-Pro)—containing media re- 
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Table I. Cyclo (His-Pro) and prolactin levels in amniotic fluid and maternal serum by gestational age 











Amniotic fluid 





Gestational age 
(wk) 





Cyclo (His-Pro) 
~ (pgiml) 








Prolactin 
(ng/ml) 






















Serum 
Cyclo (His-Pro) Prolactin 
(pg/ml) (ng/ml) 





$e 
6-11 l 865 <30 4 822 + 79 <30 
12-17 19 1,985 + 146 1,221 + 154 5 986 + 272 <30 
18-23 8 2,202 + 304 2,176 + 354 4 969 + 128 77 + 41 
24-29 6 5,830 + 580 1,953 + 337 3 1,169 + 312 106 + 32 
30-35 8 7,550 + 977 1,228 + 344 6 920 + 116 216 + 46 
36-42 39 15,551 + 1,245 832 + 67 14 1,150 + 89 262 + 34 











Data are presented as mean + SEM. 


placed cyclo (His-Pro)—free media after 24 hours, and 
cyclo (His-Pro)—free media replaced cyclo (His-Pro)— 
containing media (10° pg/ml). All media were frozen 
at —4° C immediately on removal and assayed in du- 
plicate within | week. Tissue culture materials were 
obtained from Gibco Laboratories (Grand Island, 
N.Y.). 

Statistical analysis. The data were subjected to anal- 
ysis with an SAS program (SAS Institute, Cary, N.C.) 
to compute the descriptive statistics, Pearson correla- 
tion coefficients, and p values for the general linear 
models. 


Results 


Amniotic fluid was obtained from 81 subjects ranging 
in maternal age from 14 to 43 years and gestational 
age from 10 to 42 weeks. Ten subjects had concurrent 
sampling of amniotic fluid, maternal serum, fetal cord 
serum, and first-voided newborn urine. There were 36 
samples of maternal serum available for analysis from 
gestational ages 12 to 40 weeks; serum was also obtained 
from six postpartum patients (16 to 45 hours after de- 
livery). 

Fig. 1 shows a scattergram of the 81 amniotic fluid 
cyclo (His-Pro) measurements and reveals a marked 
increase that starts at approximately 28 to 30 weeks. 
A plot of the log (cyclo (His-Pro)) versus gestational 
age is shown in Fig. 2 with the calculated regres- 
sion line (log [cyclo (His-Pro)] = 2.9690 + 0.0111 
GA + 0.0005 GA*; F value = 303, p < 0.0001) (GA = 
gestational age). Table I illustrates both the cyclo (His- 


Pro) and prolactin levels in amniotic fluid in gestational - 


age groupings of 6 weeks. These values appear inde- 
pendent of fetal sex, both at term and in early gestation. 
Thus the mean + SEM cyclo (His-Pro) amniotic fluid 
values for female fetuses and male fetuses between 13 
and 20 weeks were 2144 + 197 pg/ml (n = 11) and 
1776 + 211 pg/ml (n = 11), respectively. At term 
(=36 weeks) levels of 13,361 = 1993 (n = 8) and 
16,678 + 1157 (n = 7) were noted for females and 
males, respectively. 

Similarly, we investigated the effect of labor ver- 
sus nonlabor after 36 weeks and found no signifi- 


Table II. Prolactin levels per wet weight of 
decidual tissue at varying concentrations of 
cyclo (his-pro) (24-hour culture) 


Cyclo (His-Pro) 
concentration (pg/ml) 





Prolactin (ng/ml) /wet 
weight decidua (mg) 





0 : 6560 + 804 
10 . 5767 + 810 
100 4451 +.895 
10,000 5250 + 543 
1,000,000 6424 + 942 


Data are presented as mean + SEM. 


cant differences (15,514 + 730 pg/ml, n = 18, labor; 
13,227 + 1241 pg/ml, n = 11, no labor). A correlation 
was sought between amniotic fluid a-fetoprotein levels 
and cyclo (His-Pro) obtained at the time of genetic am- 
niocentesis (n = 24) but was not noted (r = 0.06). 

‘Fig. 3 is a plot of log (cyclo (His-Pro)) versus prolactin 
from gestational ages 20 to 42 weeks; the Pearson cor- 
relation coefficient r = — 0.628 (p < 0.0001). 

Analysis of the 36 maternal serum samples provided 
a mean cyclo (His-Pro) concentration of 1034 + 60 
pg/ml; there were no significant differences in the 
means when these individual values were grouped in 
the same gestational age blocks as Table I. Further- 
more, this mean is not significantly different from that 
of the six postpartum women in this study (1425 + 181 
pg/ml) or nonpregnant subjects. 

Evaluation of the 10 subjects who had simultaneous 
maternal serum and cord serum sampling suggests the 
term fetus has higher serum cyclo (His-Pro) levels 
(2164 + 790 pg/ml) than the mother (1222 + 308 
pg/ml) (p = 0.08). In the 10 cases for which fetal urine 
was available for assay, the mean cyclo (His-Pro) level 
(16,783 + 1391 pg/ml) was very similar to the corre- 
sponding amniotic fluid values (14,826 + 1428 pg/ml). 

Decidual culture results in the presence of cyclo (His- 
Pro) are depicted in Table I. Student’s ¢ test comparing 
the highest and lowest values (6560 and 4451) provided 
0.1<p<0.2. A similar lack of significant difference 
was found at 96 hours. In separate experiments to de- 
termine cyclo (His-Pro) production from decidual ex- 
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Fig. 3. Amniotic fluid prolactin versus log [cyclo (His-Pro)]. 


plant cultures, no peptide could be measured at 24 
hours, 48 hours, or 96 hours (lower limits of detec- 
tion = 200 pg/ml). i 


Comment 


These data confirm the existence of markedly ele- 
vated cyclo (His-Pro) levels in amniotic fluid, particu- 
larly near term, and raise the questions of source and 
function for the peptide. To date, such levels in mam- 
malian tissue or body fluids have been exceeded only 
by those in adult urine and human semen (0.26 pg/ml 
and 4.5 pg/ml, respectively). The possible sources of 
cyclo (His-Pro) in amniotic fluid include simple diffu- 
sion from the maternal system (unlikely in view of the 
thirteen-fold reverse gradient with maternal serum), 
and synthesis and active transport by the chorion- 
decidua. This latter concept, reminiscent of amniotic 
fluid prolactin production, was initially suspected. 
Thus it is now apparent that in addition to the classic 
steroid (androgens, estrogens, progesterone) and pep- 
tide (human chorionic gonadotropin and human pla- 
cental lactogen) hormones, the fetal-placental unit is a 
prodigious endocrine organ responsible for the release 
of numerous hormones into both the fetal and maternal 
circulation and the amniotic fluid (for an excellent 
review, see Yen.'*). The syncytiotrophoblast has been 
proved a source of protein hormones, whereas the 
cytotrophoblast gives rise to neuropeptide hormones; 
these include chorionic thyrotropin (structurally 


dissimilar from pituitary thyroid-stimulating hor- 
mone), chorionic inhibin, gonadotropin-releasing hor- 
mone, thyrotropin-releasing factor, somatostatin, and 
corticotropin-releasing factor. Various growth factor 
receptors also have been isolated from the placenta, 
including those for epidermal growth factor, insulin- 
like growth factor (I and II), somatomedin, and insulin. 
That the neuropeptide cyclo (His-Pro) also might be 
of placental origin or might modulate certain fetal- 
maternal functions initially appeared plausible. 
However, subsequent investigation of neonatal urine 
cyclo (His-Pro) levels revealed that the concentration 
of cyclo (His-Pro) is very similar in the fetal urine and 
amniotic fluid; this leads to the suspicion that the for- 
mer may be the source of the latter. Amniotic fluid is 
a composite of fetal urine, fetal lung fluid, fetal nasal 
and buccal secretions, and fluid that results from trans- 
port across the fetal membranes. Fetal urine is the ma- 
jor source of amniotic fluid in the second and third 
trimester. Further, the current results of decidual cul- 
tures provided no evidence for cyclo (His-Pro) pro- 


. duction at either 24 hours or 48 hours under conditions 


that led to significant quantitites of prolactin. The fore- 
going information suggests that the majority of amni- 
otic fluid cyclo (His-Pro) derives from fetal urine, as 
opposed to chorion-decidual production. 

The marked increase of amniotic fluid cyclo (His- 
Pro) levels in late gestation, coupled with the known 
decreasing prolactin concentrations, suggested a pos- 
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sible EE E relationship. Although’ amniotic: 
fluid prolactin i is immunologically and chemically iden- _ 


tical to pituitary, prolactin, the control mechanism for 


its production or‘release remains unclear. It has been’ 


reported that neither dopamine nor bromocriptine 
affects: decidual prolactin’ release," '* although each 


is a known inhibitor of pituitary prolactin secretion. ` 


Alternatively, two recent reports have implicated pla- 


cental peptides as possible inhibitory and stimulatory - 
; similarly, chorionic ; 
gonadotropin-releasing hormone has been reported to - 


agents for decidual prolactin’ *°; 


_ control human chorionic, gonadotropin secretion. 
Fig. 3 confirms the significant inverse correlation be- 
tween amniotic fluid cyélo (His-Pro) and prolactin levels 


and suggests a control mechanism. However, the results 


of decidual cultures (Table II) fail to provide the an- 
ticipated evidence to favor this hypothesis. Despite vari- 
ation of the concentrations of added cyclo (His-Pro) i in 
the decidual cultures over a range of 0 to 10° pg/ml, 
no significant differences in prolactin production, at 
least under our culture conditions, were noted up to 


96 hours. ‘However, this does not exclude a cause and’ 


effect that might be uncovered with alternate param- 

eters, including preterm decidua or longer incubation 

times, or quantitative cell cultures. 
In summary, we have established normal values for 


the neuropeptide cyclo (His-Pro) in human pregnancy - l 


from 10 weeks until term in amniotic fluid and maternal 


serum. Neonatal cord serum and newborn urine values | 


have also been recorded. Term in vitro decidual cul: 
tures have been evaluated for cyclo (His-Pro) and pro- 
lactin production. The: results suggest that, despite-a 
very significant inverse correlation between amniotic 
fluid cyclo (His-Pro) and prolactin concentrations in the 
latter half. of pregnancy, the two are probably not 
causally related. Furthermore, the major source of am- 
niotic fluid cyclo (His-Pro) is probably fetal urine. ° 


We thank Carli Wainwright, BS, Debbie Rogers, MS, 


Melissa Bender, BA, and Barry Witt, MD, for their’ 
expert assistance with this work, and J. F. Wilber, MD, 


for the generous allocation of his resources. 
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Amniotic fluid volume increase after amnioinfusion of a 


fixed volume 


Thomas H. Strong, Jr, MD, Gretchen Hetzler, MD, and Richard H. Paul, MD 


Los Angeles, California 


Amnioinfusion of 250 ml of normal saline solution was performed in 30 laboring women at =37 weeks’ 
gestation with oligohydramnios as defined by an amniotic fluid index of <5 cm. A total of 50 
amnioinfusions were performed. Amniotic fluid volumes, as assessed by the amniotic fluid index, increased 
by a mean of 4.3 + 1.5 cm after infusion. We conclude that in women with oligohydramnios, 250 ml of 
amnioinfusate will increase the amniotic fluid index by approximately 4 cm. (Am J OBSTET GYNECOL 


1990;162:746-8.) 


Key words: Amniotic fluid index, amnioinfusion 


Transcervical infusion of saline solution into the am- 
niotic cavity (amnioinfusion) has been found to de- 
crease the frequency and severity of variable deceler- 
ations in fetal heart rate (FHR) during labor.’ Amni- 
otic fluid probably cushions the umbilical cord from 
compression and therefore reduces the occurrence of 
variable decelerations in FHR. Clearly amnioinfusion 
increases the intrauterine volume. However, it is un- 
clear how much a given infusion volume alters amniotic 
fluid volume. ; 

A clinically useful semiquantitative sonographic 
method of assessing amniotic fluid volume has been 
described.? The amniotic fluid index ‘is determined by 
measuring the largest vertical fluid pocket in each of 
four uterine quadrants. The quadrants are described 
by the maternal linea nigra and an imaginary perpen- 
dicular line at the level of the umbilicus. The amniotic 
fluid index represents the sum of the four vertical fluid 
measurements in centimeters. 

This report describes the change in amniotic fluid 
volume (as determined by the amniotic fluid index) 
produced by a known volume of infusate. ` 


Material and methods 


Thirty laboring women with ruptured membranes at 
=37 weeks’ gestational age at Los Angeles County/Uni- 
versity of Southern California Women’s Hospital, were 
enrolled after informed consent. The women in this 
study group were to receive prophylactic amnioinfu- 
sion for oligohydramnios as defined as an amniotic fluid 
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index of $5 cm. The prophylactic amnioinfusion pro- 
tocol was approved by the University of Southern Cal- 
ifornia Institutional Review Board. Women were ex- 
cluded from the procedure for any of the following: 
late FHK décelerations, moderate or severe variable 
FHR -decelerations, nonreactive FHR patterns, intra- 
uterine growth retardation, amnionitis, meconium, 
twins, fetal malpresentation, uterine anomalies or fi- 
broids. An amniotic fluid index was done immediately 
before and after each amnioinfusion. Two of the au- 
thors (T. S. and G. H.) performed all amniotic fluid 
index assessments during the study. However, all am- 
niotic fluid index determinations in a given patient were 
done by the same person. Each amnioinfusion consisted 
of 250 ml of warmed (37° C) normal saline solution 
infused through a standard intrauterine pressure cath- 
eter at a rate of 10 to 20 ml/min. Some patients received 
more than one amnioinfusion. However, a pre- and 
postamnioinfusion amniotic fluid index was performed 
in each infusion sequence. 


Results 


A total of 50 amnioinfusions were performed among 
the 30 subjects. A mean change in amniotic fluid index 
of 4.3 + 1.5 cm was noted (range, 0 to 7.7 cm). Among 
nulliparas (n = 15), the mean change in amniotic fluid 
index was 4.4 + 1.6 cm, whereas that observed among 
multiparas (n = 15) was 4.2 + 1.0 cm. The mean 
change in amniotic fluid index among those with prein- 
fusion amniotic fluid index values of $5.0 cm (n = 35) 
was 4.4 + 1.5 cm. The mean change in amniotic fluid 
index for those with preinfusion amniotic fluid index 
values of >5.0 cm (n = 15) was 4.0 + 0.8 cm. The 
mode value was 4.1 cm. 


Comment 


The amniotic fluid index is a useful technique to 
assess amniotic fluid volume. It is simple to perform 
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Fig. 1. Amniotic fluid index change after amnioinfusion (N = 50). 


and allows observations of the progressive changes in 
the relative amniotic fluid volume during pregnancy 
and/or labor. Moreover, the intraobserver and inter- 
observer variation in amniotic fluid index assessment 
is usually within 2 cm.3 Therefore when used in con- 
junction with amnioinfusion, the technique can provide 
the operator with an estimate of the intrauterine fluid 
volume. ; ' 

Sarno et al.* have noted that an intrapartum amniotic 
fluid index of <5 cm is-associated with a significantly 
increased rate of severe variable FHR decelerations, 
prolonged FHR decelerations, cesarean delivery for fe- 
tal distress, and 1-minute Apgar scores of <7. Prophy- 
lactic amnioinfusion in such a group of patients may 
have merit. By combining the infusion process with 
amniotic fluid index assessment, one could use am- 
nioinfusion for intrauterine volume maintenance (Le., 
maintaining the amniotic fluid index >5 cm) rather 
than awaiting the presence of variable decelerations to 
trigger infusion. ae 

The changes‘in amniotic fluid index, which occurred 
as a result of amnioinfusion of 259 ml, are distributed 
over a relatively wide range of values. Nevertheless, 
their distribution appears to approach a Gaussian con- 
figuration (Fig. 1). Both the mean and the mode values 
suggest that in a woman with oligohydramnios (amni- 
otic fluid index <5.0 cm), amnioinfusion of 250 ml of 


normal saline solution will usually increase the amniotic’ 


fluid index by an average of 4 cm. 

In a prospective, randomized study, Miyazaki and 
Nevarez' found that amelioration of variable deceler- 
ations with amnioinfusion occurred more frequently 
among nulliparas compared with multiparas. Although 
the issue of fetal head engagement was not addressed 


in their study, we speculated that engagement probably 
impedes escape of the infusate, which results in greater 
retention after amnioinfusion. Because fetal head en- 
gagement is more common among nulliparas than 
among multiparas at term, we were surprised that mul- 
tiparas had changes similar to those of nulliparas after 
amnioinfusion. 

Amniotic fluid leakage was probably a cause of many 
changes in amniotic fluid index that were noted to be 
significantly less than average. Vaginal fluid leakage was 
obvious in both instances in which changes in amniotic 
fluid index were <1.0 cm (Fig. 1). 

Other factors affecting the observed change in the 
amniotic fluid index after amnioinfusion probably re- 
late to the configuration that the infused fluid pocket 
assumes. In those instances in which the pocket is 
deeper than it is wide, the observed change in amniotic 
fluid index will be relatively large. If the converse oc- 
curs, the change will be relatively small. Other variables 
to consider include fetal urination and the possibility 
of examiner error. 

The relationship that we observed (250 ml of am- 
nioinfusate increased the amniotic fluid index by 4 cm) 
probably holds only for women with oligohydramnios. 
Amnioinfusion of the same volume in women with a 
normal or elevated amniotic fluid index would likely 
produce a smaller change. As such, this semiquantita- 
tive technique should not be construed as an exact mea- 
surement of the amniotic fluid volume. Rather, the am- 
niotic fluid index should only be used with amnioin- 
fusion to judge the relative success at amniotic fluid 
volume expansion. The definitive impact of this “ex- 
pansion” must be further defined by well-designed pro- 
spective clinical trials. 


Strong, Hetzler, and Paul 
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Warning symptoms, uterine contractions, and cervical 


examination findings in women at risk of preterm delivery 


Rachel L. Copper, MSN, Robert L. Goldenberg, MD, Richard O. Davis, MD, 
Gary R. Cutter, PhD, Mary B. DuBard, MA, Deane K. Corliss, RN, and 


Jenny B; Andrews, RN 


Birmingham, Alabama 


The presence of various reputed warning signs of preterm labor, the frequency of contractions, and the 
presence of cervical examination findings and their value in predicting preterm labor and spontaneous 
preterm delivery were assessed. The frequency of contractions and all cervical examination findings 
increased during pregnancy, as did backache, pressure, and cramping. The frequency of diarrhea, 
discharge, and bleeding remained constant. Of the various warning signs, only diarrhea and discharge 
were associated with the diagnosis of preterm labor. None of the warning signs were associated with 
spontaneous preterm delivery. Various patterns of contractions tended to be associated with higher rates 
of preterm labor and preterm delivery, but results were generally not statistically significant. Most cervical 
examination findings were statistically associated with both preterm labor and preterm delivery. (Am J 


Osster GYNECOL 1990;162:748-54.) 


Key words: Preterm labor, preterm delivery, cervical examination, uterine contractions 


Preterm birth is a major cause of neonatal disease 


and death.' Spontaneous preterm labor and premature ` 


rupture of the membranes are responsible for most 
preterm deliveries.” Tocolytic agents can stop contrac- 
tions, but on a population basis their use has not been 
associated with a marked reduction in the preterm de- 
livery rate.’ One reason given for the lack of effective- 
ness of tocolytic agents is that most women seen in 
preterm labor have progressed too far and are, there- 
fore, not appropriate candidates for tocolysis.* 
Various warning symptoms and cervical examination 
findings have been reputed to predict women at risk 
of preterm delivery and to identify preterm Jabor early, 
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when treatment may be more effective. Programs de- 
signed to discover preterm labor early to enhance to- 
colytic effectiveness and subsequently prevent reterm 
delivery have been based on early discovery of these 
reputed warning symptoms.** Studies have demon- 
strated that when women have been educated regard- 
ing these warning symptoms, they tended to report for 
observation more frequently than women who did 
not receive the education, indicating the interven- 
tion group’s increased awareness of possible uterine 
activity.® 

We undertook to document the frequency of cervical 
examination findings and preterm labor warning symp- 
toms during pregnancy and to determine the value of 
each of these findings in predicting which women are 
at greater risk of preterm labor and spontaneous pre- 
term delivery. 


Material and methods , 

As part of a March of Dimes—sponsored multicenter . 
prematurity prevention program, data on symptoms 
and cervical examination findings were collected on 
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Table I. Demographic characteristics 











No. % 
Race 
Black 256 73 
White 89 25 
Other 7 2 
Parity 
2] 232 66 
0 119 34 
Maternal age : 
220 yr 230 65 
<20 yr 122 35 
TOTAL 352 
Delivery characteristics 
Gestational age 237 wk 287 81.5 
Spontaneous PTD <37 wk 42 11.9 
Indicated PTD £29 6.5 
TOTAL 352 100 


PTD, Preterm delivery. 


high-risk women at the University of Alabama at Bir- 
mingham Preterm Birth Prevention Clinic. Risk status 
for preterm delivery was based on a previously pub- 
lished scale that included information about the past 
obstetric history, socioeconomic factors, and status of 
the current pregnancy.’ A score of 10 or more on that 
scale indicated high-risk status. We recorded symptoms 
and cervical examination data on 352 consecutively en- 
rolled women from July 1983 to April 1986. Seventy- 
three percent of these patients were black, 66% were 
multiparous, and 65% were 20 years old or older. All 
subjects were selected from a population of women at 
less than 150% of Federal poverty standards. 

All examinations, patient education, and prenatal 
care were performed by the preterm birth prevention 
project nursing staff. These three registered nurses 
were supervised by two attending physicians who were 
the project investigators. At the initial project visit, the 
estimated date of confinement was established based 
on the last menstrual period, uterine size at the initial 
physical examination, presence of fetal heart tones by 
auscultation, date of quickening, and ultrasound ex- 
aminations. If the last menstrual period and ultrasound 
agreed within 14 days, the last menstrual period- 
determined estimated date of confinement was gen- 
erally used as the basis for gestational age dating. If 
disparity between dates occurred or the last menstrual 
period was unknown, the estimated date of confine- 
ment was determined by ultrasound. 

Women were seen weekly from 20 to 22 weeks of 
gestational age until 36 weeks’ gestation or delivery. At 
the 20 to 22 week visit, the preterm labor warning 
symptoms were reviewed in detail. Uterine palpation 
for contractions was demonstrated. At every subse- 
quent visit, patients were questioned regarding the oc- 
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Fig. 1. Percent of women who reported various warning symp- 
toms from 20 to 37 weeks’ gestational age (GA). 


currence of each preterm labor warning symptom. 
Maximum numbers of contractions occurring in days 
per week, hours per day, and frequency per hour were 
also recorded. 

A cervical examination was performed at each visit. 
The examiners gently assessed cervical dilatation, ef- 
facement, position, and consistency; the station of the 
presenting part; and any distension of the lower uterine 
segment. In general, patients were seen by the same 
nurse each visit; therefore, cervical characteristics were 
evaluated by the same examiner. Dilatation of the in- 
ternal cervical os was recorded in centimeters, as was 
the best estimate of cervical length. Cervical position 
(posterior, midline, or anterior) and cervical consistency 
(firm, moderate, or soft) were recorded. If present, 
distention of the lower uterine segment was scored 
based on increasing distension from one to four. The 
station of the presenting part was determined accord- 
ing to the distance in centimeters at or above the ischial 
spines. 

If changes in the cervical examination were noted, 
patients underwent external tocodynamometry at the 
clinic for at least 30 minutes. Women found to be con- 
tracting were referred to the labor and delivery unit 
for further management. Patient management was at 
the discretion of the resident and attending staff based 
on standing protocols for treating preterm labor. For 
the purpose of data collection, preterm labor was de- 
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Fig. 2. Percent of women who reported various frequencies 
of contractions from 20 to 37 weeks’ gestational age (GA). 


fined as uterine contractions occurring between 20 and 
36 weeks’ gestation at a rate of four in 20 minutes or 
eight in 1 hour with at least one of the following: rup- 
tured membranes, cervical change over time, dilatation 
22.0 cm, or cervical length <1.0 cm. This diagnosis 
was made after a review of the medical record, as was 
the final determination of gestational age at delivery. 
Spontaneous preterm birth was defined as delivery at 
or before 36 completed weeks of gestation, after spon- 
taneous onset of labor or.after premature rupture of 
the membranes. 

For the analysis, symptom and examination data were 
grouped into the following gestational age categories: 
21 to 25 weeks, 26 to 30 weeks, and 31 to 35 weeks. 
Warning symptoms and cervical examination findings 
were said to be present if they occurred at least once 
during the time period. Cervical dilatation was divided 
into three categories: none, 0.5 tol.5 cm, and =2 cm. 
Other cervical characteristics were recorded as previ- 
ously described. Each warning symptom and cervical 
examination finding was correlated with preterm labor 
and preterm delivery. Significant differences were de- 
termined by a chi-square test (p < 0.05) using the SAS 
PC statistical analysis package. 
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tion findings from 20 to 37 weeks’ gestational age (GA). 


Results 


Table I lists the demographic and delivery charac- 
teristics of the subjects. Women participating in the 


‘project tended to be black, multiparous, and 20 years 


of age or more. Nearly 19% delivered preterm, but of 
these, 23 (6.5%) had indicated preterm deliveries. Be- 
cause we were interested in the relationship of various 
characteristics to spontaneous preterm delivery, these 
23 women were excluded from further analysis. Forty- 
two (12.8%) of the remaining 329 women had a pre- 
term delivery after spontaneous preterm labor or pre- 
mature rupture of the membranes. For all 329 women, 
the mean gestational age at delivery was 38.0 weeks and 
the mean birth weight was 2970 gm. The diagnosis of 
preterm labor was made in 27% of the women. 

The frequency (by weekly intervals) with which the 
reported symptoms, contractions, and cervical exami- 
nation findings occurred is shown in Figs. 1,2, and 3. 
The frequency with which women reported backache, 
cramping, and pressure increased with gestational age, 
whereas the frequency of diarrhea, vaginal bleeding, 
and vaginal discharge did not change (Fig. 1). Reported 
contractions, regardless of the measure of frequency, — 
tended to increase over time (Fig. 2). All cervical 
examination findings increased with gestational age 
(Fig. 3). 

Fig. 4 shows the rates of preterm labor in women 
who reported or who did not report the various symp- 
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bars) various warning symptoms who later had spontaneous 
preterm labor. *p < 0.05. 


+ 


toms. The presence of only two of the warning symp- 
toms demonstrated significant predictive value for pre- 
term labor. Diarrhea between 21 and 25 weeks’ gesta- 
tion was related to the later diagnosis of preterm labor. 
In the gestational age ranges of 26 to 30 weeks and 31 
to 35 weeks, a perceived change in vaginal discharge 
was related to the later diagnosis of preterm labor. No 
other routinely assessed warning symptom at any time 
during pregnancy was significantly related to preterm 
labor. 

Fig. 5 shows the relationship of contraction fre- 
quency to the eventual diagnosis of preterm labor. In 
each time period women who reported contractions 
more than 8 hours per day or more than 4 days per 
week were diagnosed as having more spontaneous pre- 
term labor than women who did not report these fre- 
quencies of contractions (none of these differences 
were statistically significant). Only when women re- 
ported at least five contractions per hour after 30 weeks’ 
gestation did the relationship between contractions and 
the diagnosis of preterm labor prove significant. 

In the preliminary analysis (data not shown) we eval- 
uated the continuous variables, cervical dilatation and 
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Fig. 5. Percent of women with (solid bars) and without (hatched 
bars) various frequencies of reported uterine contractions (ctx) 
who later had spontaneous preterm labor. *p < 0.05. 


effacement, to determine categories of examination 


-findings that might predict preterm labor and preterm 


delivery. Based on this analysis, we dichotomized the 
examination findings into the categories shown in Fig. 
6. Between 21 and 25 weeks the presence of several of 
the findings was associated with increased rates of pre- 
term labor. However, none of the results were statis- 
tically significant. Also, we had no cases of women with 
cervical dilatation #2 cm in this gestational age range. 
Between 26 and 30 weeks, dilatation 22 cm, cervical 
length <1.5 cm, a mid- or anterior cervical position, 
and moderate or soft cervical consistency were signif- 
icantly related to preterm labor. After 30 weeks, both 
dilatation and effacement remained significant predic- 
tors and the presence of a low station (— 1 or lower) 
became significant. In this gestational age range, cer- 
vical position and consistency did not predict preterm 
labor. The presence of lower uterine segment disten- 
sion did not predict preterm labor in any gestational 
age range. 

For the same gestational age groupings, Figs. 7 to 9 
show the rates of preterm delivery when compared with 
the presence or absence of the warning symptoms, con- 
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Fig. 6. Percent of women with (solid bars) and without (hatched 
bars) various cervical examination findings who later had spon- 
taneous preterm labor. *p < 0.05. LUS, Lower -uterine seg- 
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tractions, and cervical examination findings. None of 
the warning symptoms reported at any time during 
pregnancy predicted spontaneous preterm delivery 
(Fig. 7). However, because we had no women who re- 
ported vaginal bleeding between 21 and 25 weeks, the 
importance of bleeding in this period in relation to 
preterm delivery cannot be addressed. 

Fig. 8 shows the relationship between the number of 
contractions and later preterm delivery. Between 21 
and 25 weeks’ gestation, women who reported in- 
creased numbers of contractions had nearly a doubling 
in the rate of preterm delivery (this was not statistically 
significant). This trend persisted to some degree in the 
later periods, but was not as striking. 

Certain cervical examination findings did appear to 
have some predictive value for preterm delivery, but 
only after 25 weeks’ gestation (Fig. 9). Dilatation of at 
least 2 cm was a strong predictor of preterm delivery 
when present in the gestational age ranges of 26 to 30 
weeks and 31 to 35 weeks. Cervical length <1.5 cm was 
also a significant predictor of preterm delivery between 
26 and 30 weeks, but was not significantly related to 
preterm delivery after 30 weeks. None of the other 
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Fig. 7. Percent of women with (solid bars) and without (hatched 
bars) various warning symptoms who had later had sponta- 
neous preterm delivery. *p < 0.05. 


cervical examination findings in any gestational age 
group predicted spontaneous preterm delivery. 


Comment 


An easy and practical method for identifying women 
who are at risk of preterm labor might enable clinicians 
to intervene in-a timely fashion to prevent preterm 
delivery. Various reputed preterm labor warning symp- 
toms, the presence of excess contractions, and certain 
cervical examination findings have been described as 
useful in screening women at risk of preterm labor. 
Prematurity prevention programs have incorporated 
this methodology.** The success of these programs, 
however, has been controversial.’ Our results did not 
support previous findings that the warning symptoms 
studied were predictive of preterm labor. In fact, when 
routinely assessed, only two of the reputed warning 
symptoms were related to a diagnosis of preterm labor, 
and no warning symptom in any period predicted pre- 
term delivery. 

One possible explanation for the lack of predictive 
value in the warning symptoms is that the women were 
asked to report these symptoms during routinely sched- 
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Fig. 8. Percent of women with (solid bars) and without (hatched 
bars) various frequencies of reported uterine contractions (ctx) 
who later had spontaneous preterm delivery. *p < 0.05. 


uled prenatal visits. We did not have similar informa- 
tion about symptoms that motivated the women who 
actually experienced preterm labor to seek medical at- 
tention. Perhaps the occurrence of one or more of the 
reputed warning symptoms was tne motivation for 
these women. 

Reports on the value of assessing uterine contractility 
for the prediction of spontaneous preterm labor have 
been conflicting. Low-risk'® '' as well as high-risk 
women" have been shown to have increased contrac- 
tion frequencies in the weeks before spontaneous pre- 
term labor. Zahn,” however, concluded that contrac- 
tion frequency alone did not predict preterm delivery. 
Clearly, uterine contractions are not unique to labor, 
and they appear increasingly common.as pregnancy 


progresses." Whereas the self-reporzing of uterine con- . 


tractions tended to predict preterm labor and preterm 
delivery, our results were generally not statistically sig- 
nificant. Whether the lack of significance is because the 
number of women with spontaneous preterm labor or 
preterm delivery was relatively small is unknown. 
Therefore, based on these results, routinely question- 
ing high-risk indigent women about contractions may 
have limited usefulness in identifying those women at 
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Fig. 9. Percent of women with (solid bars) and without (hatched 
bars) various cervical examination findings who later had spon- 
taneous preterm delivery. *p < 0.05. LUS, Lower uterine seg- 
ment distension. 


risk for preterm labor. On the other hand, given the 
importance of identifying women at risk for preterm 
labor, a larger prospective study to answer this question 
is indicated. 

Our findings agree with others that certain cervical 
characteristics are of value in predicting preterm labor. 
Papiernik et al.” found that early cervical dilatation was 
likely to be followed by preterm labor. Other reports 
have confirmed the relationship of cervical ripening to 
preterm delivery.’** Our study, which included a num- 
ber of cervical examination findings, also confirms 
these results. Because of these findings, knowledge of 
the cervical status at some time after 25 weeks’ gestation 
should be useful in predicting preterm labor and spon- 
taneous preterm delivery. 

In conclusion, our data suggest that in a high-risk 
indigent population, routinely determining the re- 
puted preterm labor warning symptoms has little, if 
any, value in predicting preterm labor and spontaneous 
preterm delivery. In addition, repeatedly obtaining this 
information was time consuming for patients and 
health care providers. Therefore, adding this regimen 
to the standard of care for high-risk women does not 
appear efficacious. We did not determine the value of 
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- routinely questioning high-risk women about the fre-, 


quency of uterine contractions. Although trends indi- 
cate some potential usefulness, the results were not sta- 
tistically significant. After 26 weeks’ gestation, a cervical 
examination provided information that predicted both 
preterm labor and spontaneous preterm delivery; thus 
this test has potential as a screening test. However, 
whether a cervical examination will ultimately prove 
useful should depend not only on the statistical rela- 
tionships shown in this study, but on sensitivity/speci- 
ficity analyses in a variety of populations. 
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Comparative evaluation of uterine response to exercise on five 


aerobic machines 


Eric P. Durak, MSc, Lois Jovanovic-Peterson, MD, and Charles M. ral: MD 


Santa Barbara, California, and New York, New York 


We evaluated the effect of five aerobic exercise machines on uterine activity during the third trimester of 
pregnancy. Uterine activity correlated with the type of exercise, but not with the level of exertion. At 
equivalent work loads, the bicycle ergometer led to uterine activity in 50% of sessions, the treadmill in 
40%, the rowing ergometer in 10%, recumbent bicycle in 0%, and the upper arm ergometer in 0%. 
Therefore, the upper body ergometer and the recumbent bicycle appear to be the safest forms of aerobic 


exercise studied. (Am J OBstET GynecoL 1990;162:754-6.) 


Key words: Uterine activity, arm ergometry, bicycle ergometry, pregnancy, exercise 
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With the increasing use of various exercise equip- 
ment by the general public, questions are raised 
concerning the safety of these devices during preg- 
nancy. The purpose of our study was to evaluate the 
effect. of five commercially available aerobic machines 
on uterine activity during moderate to intense ma- 
ternal exercise. 
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Table I. Uterine activity and energy expenditure during exercise 











Machines 









treadmill ergometer machine 

No. of sessions 10 95 68 14 20 
Work load 3.2 MPH +..6 53.6 W 11.6 41.8W+59 98W+ 34.6 13.1 MPH + 2.4 
Uterine activity* 40% 0% 10% 50% 0% 
Maternal heart rate 134 + 13 144+ 11 143 + 6.2 137 + 3.5 139 = 13 

(beats/min) 
kcal/min 6.3 5.7 7.1 9.0 9.5 
Metabolic equivalents of oxy- 5.1 4.6 5.7 7.2 7.6 

gen consumption (METS) 
ml/kg/min 22.6 20.8 25.2 32.7 34.5 





*Expressed as a percent of the exercise sessions where subjects experienced contractions. 


Material and: methods 


‘Twelve normotensive pregnant women aged 28.9 + 
6.7 years, height 64.9 + 1.9 inches, weight 156 + 11.1 
pounds and body fat 30% + 4% as calculated from the 
mean of two skin-fold equations and an electrical 
impedance assessment (mean + SD) participated in 
workouts supervised by an exercise physiologist. In- 
formed, witnessed consent was obtained from each sub- 
ject. Seven of the women were nulliparous, four were 
in their second pregnancy, and one was in her third 
pregnancy. 

Each exercise session began and ended with a 10- 
minute observational rest period of maternal blood 
pressure, heart rate, and uterine activity. Uterine ac- 
tivity was assessed by a monitor with external tocometer 
and transducer (Corometrics, Wallingford, Conn.). 
Uterine activity was continuously monitored during the 
workout. A contraction of the uterus was defined as a 
tocometer deflection of >15 mm Hg above baseline for 
>30 seconds. The percent of workouts associated with 
uterine activity was tabulated for each machine. 

Five machines were evaluated: (1) Upper Body Er- 
gometer (Cybex Fitness, Ronkonkoma, N.Y.), (2) row- 
ing machine (Concept I, Morrisville, Vt.), (3) Fitron 
bicycle (Cybex), (4) motorized treadmill (Trotter, Inc., 
Mills, Mass.), and (5) Turbo 1000 recumbent bicycle 
(Pro Tec Sports, Huntington Beach, Calif.). The only 
modification of the equipment for pregnant subjects 
was made on the rowing machine by securing a wood 
plank (66 x 10 x 1.2cm) on the seat’s movement track 
to limit the hip motion. 

All sessions consisted of two 15-minute workouts on 
two different machines. Each subject exercised at a spe- 
cific work load, measured in watts (W), or in miles per 
hour (mph) while maintaining a target heart rate, cal- 
culated to be within 50% to 60% of maximum heart 
rate on the basis of age and acknowledging the subject’s 
level of perceived exertion. To evaluate the degree of 
energy expenditure, we used three estimated mea- 
surements of work: caloric expenditure, metabolic 


equivalents of oxygen consumption (METS), and mil- 
liliters of oxygen per kg weight per minute. 


Results 


Table I summarizes the data from 207 15-minute 
workouts. Use of three of the five machines resulted in 
detectable ‘uterine activity with the highest prevalence 
seen with the bicycle (50%), followed by the treadmill 
(40%), and rowing machine (10%), respectively. In all 


cases, the tocometer’s indication of a contraction could 


be detected by manual palpation, but generally were 
not perceived by the subject. No uterine activity was 
found with the upper body ergometer or the recum- 
bent bicycle. There was no maternal morbidity associ- 
ated with exercise, and all infant Apgar scores were >8. 


Comment 


The present study documents that uterine activity is 
associated with three pieces of commonly used exercise 
equipment: the bicycle ergometer, the rowing machine, 
and the treadmill. The upper body ergometer and the 
recumbent bicycle did not lead to uterine activity. We 
have adopted the practice of teaching women self uter- 
ine palpation during exercise and advise cessation of 
exercise if contractions occur. 

‘Because of the smaller muscle mass, the upper ex- 
tremities correspond to 69% of the work capacity of the 
lower body capacity. Thus the metabolic equivalent of 
the task value of the upper body ergometer for this par- 
ticular work load, if performed at the same heart rate, 
could equate to 6.6 METS if it were performed on 
equipment that primarily used the lower extremities. 
The mean work load achieved by our subjects on the 


` fout pieces of equipment that used the lower extremi- 
` ties was 6.4 METS. Therefore we were able to docu- 


ment comparable levels of exertion on all five machines. 
Thus, uterine activity was associated with the type of 
exercise rather than with the intensity of exercise in our 
study. 


An area of controversy in the literature is whether 
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exercise causes uterine activity. Of concern is the article 
by Balfour' that reports an increased incidence of pre- 
maturity and growth retardation of infants born to 
mothers who stood up all day, as opposed to those who 
had sedentary jobs. On the other hand, Veille et al.? 
studied uterine activity before and after walking or bi- 
cycle exercise in the last 8 weeks of pregnancy and 
found no effect. However, uterine activity was not mon- 
itored during the 30 minutes of exercise. 

In summary, the upper arm ergometer and the re- 
cumbent bicycle did not cause uterine activity in the 
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present study and thus may be safer for pregnant 
women than the other forms of exercise studied. The 
type of exercise rather than the intensity may be the 
crucial factor in producing uterine activity in a given 
person. 
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Amniotic fluid a,-antitrypsin concentration in premature 


rupture of the membranes 
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Premature rupture of the membranes is probably a result of a loss in amniotic membrane collagen. A 
recent report that the concentration of «,-antitrypsin was decreased in patients with premature rupture of 
the membranes suggested a generalized defect in such pregnancies. In this study we compared the 


concentration of a,-antitrypsin in samples from pregnancies with premature rupture of the membranes and 
from pregnancies with preterm labor at similar gestational age. No difference in «,-antitrypsin concentration 
was noted between these groups or between samples with or without intrauterine infection. These results 


support a localized inflammation and necrosis of the membranes at the site of rupture. (AM J OBSTET 


GYNECOL 1990;162:756-9.) 


Key words: Pregnancy, prematurity, amnion, chorion, o,-antitrypsin 


Premature rupture of the membranes is an impor- 
tant contributor to perinatal morbidity.' Although pre- 
mature rupture of the membranes (PROM) is associ- 
ated with a number of risk factors,’ the underlying basis 
for these associations has not been determined. 

Kanayama et al. recently reported a decrease in am- 
niotic fluid a,-antitrypsin in pregnancies associated with 
premature rupture of the membranes. This low level 
was postulated to be caused by consumption by trypsin 
or other proteases capable of digesting membrane col- 
lagen. In that study amniotic fluid was collected by ei- 
ther intrauterine catheter or amniocentesis, the control 
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group was not well defined, and the gestational ages 
ranged.from 27 to 36 weeks. In this study of only am- 
niocentesis specimens we compared the amniotic fluid 
c,-antitrypsin concentration in 27 patients with PROM, 
with a group of 50 women of similar gestational age 
with preterm labor. 


Methods 


All samples were obtained from amniotic fluid col- 
lected from patients admitted to the Tampa General 
Hospital in accordance with protocols approved by the 
Investigational Review Board of the University of 
South Florida and the Tampa General Hospital. Am- 
niocentesis was performed under continuous ultra- 
sound guidance and the fluid was free of blood con- 
tamination. Only cases in which at least 10 ml of fluid 
was obtained were included in this study. 

Samples were centrifuged at 150 g for 3 minutes and 
frozen at — 20° C until assay. 
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Fig. 1. Concentration of a,-antitrypsin in women with PROM. 


The concentration of a,-antitrypsin was determined 
by radial immunodiffusion in agar, with the aid of com- 
mercially available plates (Helena Laboratories, Beau- 
mont, Tex.). All assays were run with plates from a 
single lot. Samples from both premature rupture and 
preterm labor patients as well as control subjects were 
included on each plate. Standard curves were estab- 
lished between 15 and 64 mg/dl. Amniotic fluid cul- 
tures were performed in the hospital laboratory with 
standard aerobic and anaerobic techniques. Results 
were analyzed by the SAS statistical package. Results 
were expressed as mean + SD with p < 0.05 selected 
as the level of significance. 


Results 


The clinical characteristics of the zwo groups are 
shown in Table I. The premature rupture group dem- 
onstrated a trend toward a higher proportion of black 
women and a significantly higher incidence of posi- 
tive amniotic fluid cultures. When all samples were 
grouped, no difference in a,-antitrypsin concentration 
was noted between white and black women (28.6 + 
14.4 vs. 29.7 + 16.6 mg/dl), but pregnancies with male 
fetuses- had higher amniotic fluid o,-antitrypsin con- 
centrations than those with females (33.6 + 17.2 vs. 
25.9 = 13.3 mg/dl, p < 0.05). The concentration of œ- 

_antitrypsin was inversely correlated with estimated ges- 
tational age (r = —0.36, p < 0.01). 

The concentration of a,-antitrypsin in the preterm 
labor and premature rupture groups is demonstrated 
in Fig. 1. The mean q,-antitrypsin concentration was 
almost identical (28.9 + 16.4 vs. 28.8 + 15.2 mg/dl) 
and there was no obvious difference in the distribution 


Table I. Clinical characteristics of 
study groups 








Preterm 
PROM labor 
(n = 50) 
Gestational age (wk) 29.6 + 6.5 30.6 + 2.6 
Lecithin/sphingomyelin 1.5 + 0.9 1.5 + 0.8 
ratio 
Black (%) 59 50 
Male infant (%) 44 40 
Culture positive (%) 37 10* 
*p < 0.05. 


of values between groups. Fig. 2 demonstrates the a,- 
antitrypsin concentration in amniotic fluid samples that 
were culture negative (n = 57) and culture positive 
(n = 13). Again, there was no difference in means {cul- 
ture negative; 27.8 + 14.5 mg/dl; culture positive, 
32.9 + 19.9 mg/dl) or in the distribution of results. 
There was no difference in a,-antitrypsin concentration 
between women in preterm labor who were delivered 
prematurely or at term (28.8 + 2.5 vs. 28.6 + 4.2 
mg/dl) and there was no correlation between amniotic 
fluid a,-antitrypsin concentration and interval to deliv- 
ery (r = 0.01 and r = 0.13 for PROM and preterm 
labor groups, respectively). 


Comment 

Although PROM accounts for approximately one 
third of all preterm births, the cause of premature rup- 
ture remains unexplained in most cases. This is not 
surprising since the mechanism of spontaneous mem- 
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Fig. 2. Amniotic fluid a,-antitrypsin in amniotic fluid samples with (positive) and without (negative) 


evidence of bacterial contamination. 


brane rupture during the course of normal labor is not 
clearly understood. Because collagen contained within 
the amnion is responsible for the mechanical strength 
of the membranes,’ much attention has been paid to 
the collagen content of membranes from deliveries with 
and without PROM. The interpretation of collagen 
content in amniotic membranes is complicated by a de- 
crease in collagen content between 32 and 40 weeks’ 
gestation regardless of the time of rupture. When ges- 
tational age is controlled, however, the content of col- 
lagen, particularly type III, of membranes from pre- 
term deliveries with PROM is lower than those without 
PROM.*® 

Recent studies have attempted to determine the fac- 
tors responsible for this reduction in membrane col- 
lagen. The most likely mechanism is breakdown of col- 
lagen by proteolytic enzymes. Bacteria present in the 
vagina are a potential source of these enzymes. The 
association between clinically apparent infection and 
PROM is well known.* Subclinical infection is also likely 
to occur in a significant number of patients in view of 
the association between PROM and vaginal colonization 
with several bacterial pathogens.” * The demonstration 
by McGregor et al." that exposure of fetal membranes 
to bacterial collagenase or collagenase-producing or- 
ganisms results in a significant decrease in membrane 
strength underscores the potential of this mechanism. 

In addition to bacterial collagenase, however, other 
proteolytic enzymes may be responsible for the loss 
of membrane collagen. Kanayama et al." reported 


that amniotic fluid trypsin activity was higher, and- 


@,-antitrypsin lower, in pregnancies associated with 


PROM. Because further studies demonstrated that the 
concentration of radioimmunoassayable trypsin was 
not elevated,” the increase in trypsin activity was 
thought to be a result of the low level of a,-antitrypsin. 
This protein is a serine protease inhibitor capable of 
inhibiting the proteolytic activity of trypsin, chymo- 
trypsin, and granulocyte elastase. Kanayama et al. ° pos- 
tulated that the low level of a,-antitrypsin in PROM was 
caused by consumption by either trypsin in the amniotic, 
fluid or by granulocyte elastase released from inflam- 
matory cells in the fetal membranes. An increase in the 
activity of either enzyme would account not only for 
the overall reduction in collagen, but also explain the 
selective reduction in type III collagen because this typ 
is preferentially degraded by granulocyte elastase and 
trypsin." © i 

In contrast to the findings of Kanayama et al.,> we 
were unable to find a difference in amniotic fluid con- 
centration of q,-antitrypsin between PROM and non- 
PROM samples. Although the difference in findings 
cannot be explained with certainty, it is most likely as 
result of the method of collection rather than the 
method of assay or population studied. 

In both studies, the samples were handled similarly 
and assayed by radial immunodiffusion. Although the 
average gestational age was more closely matched in 
our study, the PROM group studied by Kanayama 
et al.* was earlier in gestation than the control group 
and our results demonstrate a decrease in o,-antitrypsin 
with increasing gestational age. It is unlikely, therefore, 
that the difference observed in the original study was 
related to gestational age. The mean a@,-antitrypsin con- 
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centration in our control group (30.6 mg/dl), more- 
over, was similar to that of Kanayama et al. (25.2 
mg/dl). 

The origin of the very low levels of o,-antitrypsin 
found in PROM samples in the study by Kanayama 
et al is most likely related to the method of collection. 
Seventeen of the 21 (81%) PROM samples collected in 
that study were collected transvaginally, in comparison 
with their non-premature rupture of the membranes 
group in which 10 of 16 (63%) cases and our study in 
which all samples were collected by amniocentesis. The 
difference in results could therefore be a result of the 
site of collection, rather than the timing or membrane 
rupture. 

Our results are consistent with the prevailing opinion 
with regard to the local nature of the membrane injury 
in PROM.” Although mechanical stress, such as cyclic 
expansion and contraction of the membranes, or 
exposure to the proteolytic enzymes contained in me- 
conium results in thinning and loss of mechanical 
strength,'*" the bursting pressure of membrane sam- 
ples distal to the site of rupture still exceeds the pres- 
sure generated within the amniotic cavity during labor. 
The site of membrane rupture, however, demonstrates 
a localized necrosis and intense inflammation, often in 
the absence of inflammation in sections distal to the 
rupture.” If proteolytic enzymes associated with in- 
flammation are predominantly released at the lower 
pole of the uterine cavity, the resultant consumption of 
@,-antitrypsin may only be apparent in samples ob- 
tained transvaginally from the lower uterine cavity and 
would explain the lack of consumption of @,-antitrypsin 
in samples obtained by amniocentesis distal to the site 
of rupture. A localized rather than global increase in 
amniotic fluid proteolytic activity is further supported 
by the lack of difference in a,-antitrypsin activity be- 
tween amniotic fluid samples with and without evidence 
of bacterial contamination. 

The results of this and prior studies demonstrate the 
importance of proteolytic enzymes released by both 
bacteria and the inflammatory response in the patho- 
genesis of PROM. Attention should now be directed 
toward prevention of this inflammation. 
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A 62-year-old woman with endodermal sinus tumor 


of the ovary 


Kazuo Kinoshita, MD 
Hitoyoshi, Kumamoto, Japan 


An endodermal sinus tumor of the ovary in a 62-year-old woman is described. This is the first case 
reported of which | am aware of endodermal sinus tumor of the ovary in a woman after the age of 60 


years. (Am J Osstet Gynecot 1990;162:760-2.) 


Key words: Endodermal sinus tumor, ovary, chemotherapy 


Endodermal sinus tumor of the ovary is usually 
found in children or young women and occurs very 
rarely after the age of 50 years. A case of endodermal 
sinus tumor of the ovary in a 62-year-old woman is 


described. 


Case report 

In September 1988 a 62-year-old, unmarried, nul- 
ligravidous woman was admitted to the hospital because 
of an abdominal mass. She had had abdominal enlarge- 
ment for three months. Menarche occurred at 14 years 
of age and menopause occurred at 49 years. Physical 
and ultrasonographic examinations revealed a solid 
and cystic mass approximately 17 cm in diameter, aris- 
ing in the pelvis and extending to two finger-breadths 
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above the umbilicus. The serum tumor markers were 
measured; these consisted of a-fetoprotein, lactate de- 
hydrogenase including isoenzymes, a-hydroxybutyric 
dehydrogenase, human chorionic gonadotropin, CA 
125, carcinoembryonic antigen, sialyl stage-specific em- 
bryonic antigen- 1, tissue polypeptide antigen, estradiol, 
and progesterone. The serum a-fetoprotein level was 
remarkably elevated (10408.4 ng/ml). The serum lac- 
tate dehydrogenase was 519 U/L (normal = 250 to 
483), and the isoenzymes showed an elevation greater 
in fraction 1 (36.3%) than in fraction 2 (34.7%). The 
serum a-hydroxybutyric dehydrogenase was 320 U/L 
(normal = 37 to 167). The estradiol (57 pg/ml) and 
progesterone (1.3 ng/ml) levels were increased slightly 
for a postmenopausal woman. All other tumor markers 
were negative. 

With the presumptive diagnosis of a malignant germ 
cell tumor of the ovary, laparotomy was performed. An 
18 x 15 x 10 cm tumor weighing 2150 gm arose in 
the right ovary. A small amount of ascitic fluid was 
present. Cytologic examination of the fluid was nega- 
tive, and there was no evidence of spread or metastasis 
(International Federation of Gynecology and Obstet- 
rics stage IA). Hysterectomy with bilateral salpingo- 





Fig. 1. Endodermal sinus tumor. Reticular pattern of malignant cells with hyaline droplets. (He- 


matoxylin and eosin. Original magnification x 400.) 
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62-year-old woman with endodermal sinus tumor of ovary 76t. 





Fig. 2. Schiller-Duval body in a reticular area. Note hyaline droplets in left upper and right lower 
corners. (Hematoxylin and eosin. Original magnification x 400.) 





Fig. 3. Section of tumor stained for a-fetoprotein by immunoperoxidase technique and counter- 
stained with hematoxylin. Note stained hyaline droplets in the center. (Original magnification x 400.) 


oophorectomy was performed. An indwelling catheter 
for intraperitoneal chemotherapy was placed in the cul- 
de-sac. 

Grossly the cut surface of the ovoid tumor was solid 
with multiple areas of cystic degeneration that con- 
tained brownish and sanguineous material. The neo- 
plastic tissue was pale yellow, soft and friable. Exami- 
nation of the tumor revealed histologic findings con- 
sistent with an endodermal sinus tumor of the ovary. 
The tumor exhibited a reticular pattern of spaces lined 
by malignant cells ( Fig. 1). There were intracellular and 
extracellular hyaline droplets of varying size (Figs. 1 
and 2) that were periodic acid-Schiff stain-positive. 
Characteristic Schiller-Duval bodies with central cap- 
illaries surrounded by a rosette of malignant cells were 
identified (Fig. 2). A study of the immunohistochemical 
localization of a-fetoprotein was done with an immuno- 


peroxidase technique, and a-fetoprotein—positive tu- 
mor cells and hyaline droplets were identified (Fig. 3). 

Two weeks after surgery, the patient was treated ini- 
tially with intraperitoneal cisplatin and etoposide with 
simultaneous intravenous sodium thiosulfate, and after 
a 2-week interval another course of the same therapy 
was added. PVP chemotherapy (cisplatin, vinblastin, 
peplomycin) was then administered every 4 to 5 weeks 
for a total of 5 courses. Serial measurements of serum 
a-fetoprotein were performed during therapy, and a- 
fetoprotein values returned to normal (<5 ng/ml) 6. 
weeks after operation. 


Comment 


Endodermal sinus tumor of the ovary is a rare germ 
cell tumor that occurs primarily in girls and young 
women and has been considered to be the most malig- 

















Kinoshita. 


nant tumor of the ovary. Current concepts with regard 
to the histogenesis and histologic criteria for diagnosis 
of endodermal sinus tumor of the ovary were largely 
determined on the basis of the work of Teilum.' 

I have been able to identify only one other reported 
case of endodermal sinus tumor after the age of 60 
years in the literature. Ferracini et al.’ described an 
endodermal sinus tumor in a 63-year-old female, but 
their case is of extraovarian origin. Thus I believe the 
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present case is the first one reported of endodermal 
sinus tumor of the ovary in a woman after the age of 
60 years. 
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Fetal acoustic stimulation in the early intrapartum period as a 
predictor of subsequent fetal condition 


Albert P. Sarno, Jr., MAJ, USA, Myoung Ock Ahn, MD, MPH, Jeffrey P. Phelan, MD, and 


Richard H. Paul, MD 
Los Angeles, California 


Fetal acoustic stimulation has recently received much attention in the literature. This study evaluates fetal 
acoustic stimulation in the early intrapartum period as a predictor of subsequent fetal condition. The study 
group consisted of 201 patients, approximately 60% of whom had complicated pregnancies. All were in the 
latent phase of labor with singleton, vertex-presenting fetuses. Gestational age ranged from 37 to 43 
weeks. Fourteen of the 201 fetuses (7%) showed a nonreactive response to fetal acoustic stimulation and 
those fetuses were at significantly greater risk of initial and subsequent abnormal fetal heart rate patterns, 
meconium staining, and cesarean delivery because of fetal distress and Apgar scores <7 at both 1 and 5 
minutes. Transient fetal heart rate decelerations after a reactive response occurred in 25% of patients; 
however, fetal outcome was not worse in this group. A reactive response to fetal acoustic stimulation was 
associated with high specificity and negative predictive values. Therefore we conclude that fetal acoustic 
stimulation in the early intraprtum period may discriminate the compromised from the noncompromised 


fetus. (AM J Osstet GYNECOL 1990;162:762-7.) 


Key words: Fetal acoustic stimulation, labor, fetal distress 


Fetal acoustic stimulation as a tool for the assessment 
of fetal condition has recently received much attention 
in the literature. Contemporary evaluation of the tech- 
nique dates to the study of Read and Miller’ in which 
the authors compared the fetal response to acoustic 
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stimulation with the contraction stress test. The sub- 
sequent contraction stress test was always negative when 
the fetus exhibited a heart rate acceleration in response 
to acoustic stimulation. Conversely, suspicious or pos- 
itive contraction stress tests were frequently preceded 
by failure of acoustic stimulation to generate a heart 
rate acceleration. Since that time, several investigators 
have evaluated the usefulness of acoustic stimulation 
as an adjunct to antepartum testing’ and to clarify fetal 
acid-base status in the presence of abnormal intrapar- 
tum fetal heart rate (FHR) patterns.’ The bulk of the 
data available thus far clearly suggests clinical value to 
the technique. However, more study. is necessary to 
validate previous studies and to document the safety of 
the technique. 

Because electronic fetal monitoring has not been 
shown to be superior to properly. performed intermit- 
tent fetal auscultation,” there is a controversy regard- 
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ing its use. Indeed, the American College of Obstetri- 
cians and Gynecologists recently stated that intermit- 
tent fetal auscultation “ is as effective as electronic fetal 
monitoring in monitoring high risk patients during la- 
bor.” Although patient acceptance of intermittent aus- 
cultation may be high, physician preference, nursing 
staff requirements, and litigation factors may mitigate 
against the routine use of intermittent fetal auscul- 
tation. 

Therefore, the obstetrician may be greatly aided by 
an evaluation performed early in the course of labor 
that can differentiate the fetus likely to tolerate the 
stress of labor from one that cannot. This information 
could then be used to rationally triage patients to a low- 
or high-risk category with regard to the fetus. 

This study evaluates the usefulness of fetal acoustic 
stimulation in the early intrapartum period as a pre- 
dictor of subsequent fetal condition. 


Material and methods 


This prospective study included 201 patients seen at 
the labor and delivery unit of Women’s Hospital, 
Los Angeles County/ University of Southern California 
Medical Center. Inclusion criteria were as follows: (1) 
gestational age 237 weeks; (2) singleton fetus; (3) ver- 
tex presentation; and (4) latent phase of labor (cervical 
dilatation <4 cm). Consecutive patients who met inclu- 
sion criteria were studied during the period of August 
1, 1987, to November 1, 1987, during periods of avail- 
ability of the first author. 

After admission the patient was placed in bed and 
electronic fetal monitoring was instituted. A 40-minute 
baseline FHR monitor tracing was obtained, then fe- 
tal acoustic stimulation was performed with a fetal 
acoustic stimulator (Corometrics model 146, Walling- 
ford, Conn.) (Fig. 1), sound level 82 dB at 1 m in air. 
The acoustic stimulator was placed on the maternal 


abdomen over the fetal vertex and a 3-second pulse of 


sound stimulation was applied. If no acceleration of the 
FHR was noted within 1 minute, an additional pulse 
was administered to a maximum of three pulses, each 
l minute apart. A reactive response was defined as one 
or more accelerations of the FHR 15 beats/min from 
baseline, persisting for 15 seconds. A nonreactive re- 
sponse was defined as failure to elicit a qualifying ac- 
celeration after any of three separate stimuli and for 
10 minutes after the last stimulus (Fig. 2). Care was 
taken not to perform acoustic stimulation during or 
immediately after a uterine contraction to avoid periods 


of transient fetal hypoxia and for standardization of 


the technique. The result of acoustic stimulation was 
blinded from the physicians who managed the patient’s 
labor. 

The FHR tracing in the initial and last 40 minutes 
of monitoring were then evaluated and analyzed ac- 
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Fig. 1. Fetal acoustic stimulator (model 146, Corometries, Wall- 
ingford, Conn.). 


cording to the result of acoustic stimulation. The 
tracings were evaluated for baseline rate, spontaneous 
accelerations, variability, and the presence of variable 
decelerations, late decelerations, or prolonged decel- 
erations. Variable decelerations were graded as mild, 
moderate, or severe by the criteria of Kubli et al.” Late 
decelerations were classified with respect to the pres- 
ence or absence of average beat-to-beat variability. 
Prolonged decelerations were defined as a FHR of 90 
beats/min or a decline in heart rate of 40 beats/min 
from baseline, persisting for =1 minute. Spontaneous 
FHR accelerations were considered present. if one or 
more accelerations of the FHR of 15 beats/min from 
baseline lasting 15 seconds were noted." AIL FHR trac- 
ings were read by a single examiner without knowledge 
of the prior fetal acoustic stimulation result. 

Pregnancy outcome was assessed with respect to the 
incidences of meconium staining, fetal distress requir- 
ing cesarean delivery, Apgar scores <7 at 1 and 5 min- 
utes, subsequent abnormal FHR patterns, and perinatal 
mortality. Fetal distress was defined as a persistently 
ominous FHR pattern or a fetal acid-base assessment 
indicative of acidosis (scalp pH <7.20). Maternal-fetal 
infection was defined as chorioamnionitis, endometri- 
tis, or neonatal sepsis proven by blood culture. 

Statistical analysis was carried out with one-tailed 
Fisher’s exact test or x° analysis, and significance was 
considered at p < 0.05. 


Results 


There were 201 patients included in the study (74 
primigravid, 127 multigravid). Mean gravidity and 
parity were 2.7 and 1.4, respectively. Maternal age 
(mean + SD) were 25.9 + 5.5 years and mean gesta- 
tional age was 40.1 + 2.2 weeks. Duration of ruptured 
membranes and labor (mean + SD) were. 14.2 + 17,0 
hours and 17.4 + 8.5 hours, respectively. A total of 108 
patients (53.8%) came to the hospital with ruptured 
membranes. Overall, 118 of 201 patients (59%) had one 
or more complications of pregnancy. 
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Fig. 2. Fetal responses to acoustic stimulation: A, purely reactive response; B, reactive response 
followed by transient decelerations of FHR; and C, nonreactive response. 


- Table I. Pregnancy outcome on the basis of results of fetal acoustic stimulation 





Reactive (n = 






Nonreactive (n = 14) 















»Meconium 42 22.5 50* 
“Cesarean delivery because of fetal distress 11 5.9 5 35.77 
Apgar scores <7 
1 minute 22 11.7 7 504 
_5 minutes 4 2.1 2 14,3* 
Perinatal mortality l 0.5 0 0 
Maternal-fetal infection 7 3.7 2 14.3 
*p <0.05. 
tp <0.0005, 
tp <0,001. 
Table IL, Pregnancy outcome for patients with a reactive fetal acoustic stimulation, with and without 
FHR decelerations 
Reactive with FHR 
Reactive (n = 141) decelerations (n = 46) 












Meconium 32 
Cesarean delivery because of fetal distress 9 
Apgar scores <7 
Fminute 15 
“5 minutes 4 
Perinatal mortality 0 


‘Nuchal cord at delivery 40 








Table 1 documents pregnancy outcome according to 
~ the result of fetal acoustic stimulation early in the course 
of labor. Fourteen of 201 patients (7%) showed a non- 
reactive response. to fetal acoustic stimulation. This 
group of patients had a statistically significant increase- 
in the incidence of meconium staining of the amniotic 
fluid, cesarean delivery | because of fetal distress, and 





Apgar scores <1 at both 1 and 5 minutes after birth a 










22.7 10 21.7 
6.4 2 4.3 
10.6 1 15.2 
2.8 0 
0 2.2 

28.4 l4 30.0 





when compared with the group of patients with a-re- 
active response to fetal acoustic. stimulation. ‘There was 
no significant difference in perinatal mortality. 

Of the 187 patients with a reactive response to fetal 


_ acoustic stimulation, 141 showed a FHR acceleration Le 
-with return to baseline, whereas 46 patients (25% oo 


the reactive group) showed a transient FHR decelera- a 


- ton of at least 15 beats/min for 15 seconds but <60. 
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Baseline tachycardia 0 


Decreased variability 2 
Lack of accelerations 4 
Variable decelerations 
Mild 25 
Moderate 5 
Severe H 
Late decelerations 
Average variability 6 
Decreased variability 1 


Prolonged decelerations 


0 0 
Li 0 
2.2 7 
13.4 2 
2.7 l 
0.5 0 
3.2 9 
0.5 0 
3.2 0 





*p <0.005, 
tp <0.05. 





Table IV. Incidence of abnormal FHR patterns in late labor in relation to fetal acoustic stimulation 













Reactive (n 








182) 









Nonyeactive (n = 13} 









Baseline tachycardia 7.7 4 
Decreased variability 14 7.7 5 
Lack of accelerations 26 14.3 7 
Variable decelerations 

Mild 40 29.0) 6 

Moderate 19 10.4 0 

Severe 37 20.3 6 
Late decelerations 

Average variability 12 6.6 1 

Decreased variability 3 L6 0 
Prolonged decelerations 17 9.3 2 

*p <0.01, 


+p <0.005. 
$p <0.05. 


beats/min for 60 seconds after the initial acceleration. 
Table IL shows the outcome for these two subgroups. 
There are no significant differences in pregnancy out- 
come noted, including the incidence of nuchal cords at 
delivery. 

Table IH correlates the result of acoustic stimulation 
to the incidence of abnormal FHR patterns in the initial 

40 minutes of the FHR tracing. Patients with a non- 
reactive response to fetal acoustic stimulation had a 
significant increase in the incidence of lack of sponta- 
neous FHR accelerations and late decelerations with 
average variability. 

Table IV correlates the result of acoustic stimulation 
in early labor to the risk of abnormal FHR patterns in 
the last 40 minutes of labor. Of the 201 study patients, 
six FHR tracings were unavailable for review. Patients 
with a nonreactive fetal acoustic stimulation had a sig- 
nificant increase in the incidence of multiple abnor- 
‘malities to include baseline tachycardia, decreased beat- 
to-beat variability, lack of spontaneous accelerations, 
and mild and severe variable decelerations. The oc- 


currence of fetal tachycardia appeared to be indepen: 








dent of maternal chorioamnionitis and- fetal. sepsis 
(Table I). 


Table V shows the sensitivities, specificities, predic- a 


tive values, and overall test efficiency for fetal acoustic 
stimulation with respect to the various indicators of 
pregnancy outcome. ae 


A single perinatal mortality occurred in the study ae 


group in a 38-year-old gravida 1, para 0 woman at 38 
weeks’ gestation who was admitted in early labor with 
ruptured membranes and oligohydramnios: by ultra- 
sonography. The initial FHR tracing was reassuring 
and fetal acoustic stimulation elicited an acceleration of 
the FHR followed by a transient deceleration, Labor: 
progressed slowly with oxytocin augmentation, com- 





plicated by chorioamnionitis, treated with intravenous. 
antibiotics. After 16 hours the patient underwent cee 
sarean delivery because of arrest. of: dilatation. Before 









scores of 5, 6, and 7 at L 5, and 10 minutes was de 
ered. Umbilical arterial blood gases showed Pl 1 
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Table V. Sensitivity, specificity, positive and negative predictive values and overall efficiency of fetal 
acoustic stimulation for various indicators of pregnancy outcome 












Positive predictive 
value 


Negative predictive 


value j Efficiency 





Sensitivity Specificity 





Meconium 14.3 95.4 50.0 77.5 75.6 
Cesarean delivery due to fetal distress 31.2 95.1 35.7 94.1 90.0 
Apgar scores <7 
1 minute 24.1 95.9 50.0 88.2 85.6 
5 minutes 33.3 93.8 14.3 97.9 92.0 








Pco, 51 mm Hg, Po, 21 mm Hg, and base excess — 6. 
The neonatal course was complicated by suspected sep- 
sis, meconium aspiration, neonatal seizures, and cere- 
bral infarction. The neonate died on day 15 after birth. 


Comment 

The role of fetal acoustic stimulation in contempo- 
rary obstetrics is still in evolution. Application of the 
technique has been found in a variety of settings. Re- 
cent studies evaluating the use of fetal acoustic stimu- 
lation as an adjunct to antepartum testing have docu- 
mented a decrease in falsely nonreactive tests and a 
decrease in testing time with comparable false-negative 
rates (i.e., fetal death within 7 days of a reactive test) 


when compared with the nonstress test.*™ The use of 


acoustic stimulation has been extended to the intra- 
partum period to clarify fetal condition in the presence 
of abnromal FHR patterns or during periods of de- 
creased variability. Smith et al.° found that a reactive 
response to fetal acoustic stimulation in the presence 
of an abnormal FHR pattern was uniformly associated 
with a scalp pH 27.25. Of those fetuses that were non- 
reactive, 50% had a pH <7.25. The authors concluded 
that intrapartum fetal acoustic stimulation was a rea- 
sonable alternative to fetal scalp sampling. Polzin et al.” 
showed that a FHR acceleration in response to acoustic 
stimulation of 10 beats/min, persisting for 10 sec- 
onds, provided the same prognostic value as a 15 
beats/min x 15-second acceleration in the presence 
of an abnormal FHR pattern. Divon et al? showed 
that in the presence of decreased variability the healthy 


fetus responds with a FHR acceleration in 100% of 
cases and fetal movement in approximately 75% of 


cases. 

Ingemarsson et al.” have studied the usefulness of 
fetal acoustic stimulation in the presence of an abnor- 
mal FHR tracing in the early intrapartum period, and 
have found the technique to improve the positive pre- 
dictive value of the FHR tracing. They found a 75% 
risk of fetal distress when the initial FHR tracing was 
nonreactive and acoustic stimulation was followed by 
no response or a FHR deceleration. Thus there clearly 
appears to be clinical application. of this screening tech- 
nique as.an adjunct for the antepartum and intrapar- 
tum assessment of the fetus. 


The purpose of this study is to evaluate fetal acoustic 
stimulation as an “admission test” in the early intra- 
partum period as a predictor of subsequent fetal con- 
dition. The study showed that 7% of fetuses will exhibit 
a nonreactive response to the acoustic stimulus and are 
at increased risk of adverse outcome. In addition, 25% 
of fetuses with a reactive response will also exhibit a 
transient FHR deceleration, which does not seem to 
pose added risk when compared with a purely reactive 
response in this limited number of patients. Though 
there was no difference in nuchal cord incidence in 
the two groups, the cause is most likely transient 
cord compression associated with the fetal “startle re- 
sponse” induced by the acoustic stimulus. However, 
it should be noted that at least one case has been re- 
ported in which the vigorous fetal movement associated 
with the stimulus resulted in a prolonged deceleration 
that was considered to be a result of tightening of a 
nuchal cord." 

The association of a nonreactive response to acoustic 
stimulation with an initial FHR tracing that shows a 
lack of spontaneous reactivity and the presence of late 
decelerations would suggest that fetal acoustic stimu- 
lation in the early intrapartum period screens for the 
fetus entering labor with preexisting chronic or sub- 
acute hypoxia. The FHR patterns in subsequent labor 
that show baseline tachycardia, decreased variability, 
lack of reactivity, and mild and severe variable decel- 
erations reflect the cumulative effects of the stress of 
labor on these already compromised fetuses. 

The clinical utility of a screening test lies in its pre- 
dictive value for subsequent outcome. That is, given an 
abnormal test, what is the probability of an abnormal 
outcome (positive predictive value)? Conversely, given 
a normal test, what is the probability of a normal out- 
come (negative predictive value)? In this study are- 
active FHR response to acoustic stimulation was asso- 
ciated with a high negative predictive value. Therefore 
a reactive response should reassure the clinician. In- 
termittent auscultation or intermittent electronic fetal 
monitoring in the active phase of labor, or ambulation 
in the latent phase of labor without telemetry after a 
reactive response may be reasonable options and de- 
serve study. 


The positive predictive value of a nonreactive FHR 
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response to acoustic stimulation is somewhat less than 
the negative predictive value. However, it must be re- 
alized that the positive predictive value of a screening 
test varies with the prevalence of the disease in the 
population. For example, given a 5% disease prevalence 
and sensitivity and specificity fixed at 95%, the maxi- 
mum positive predictive value obtainable is 50%. In the 
study population, the incidence of fetal distress that 
requires cesarean delivery was 5.5% (11 of 201 pa- 
tients). Therefore, a positive predictive value of 35.7% 
for fetal distress should not indicate immediate cesar- 
ean delivery but, rather, should prompt continuous 
electronic fetal monitoring and increased physician vig- 
ilance in the group of patients with a nonreactive re- 
sponse to fetal acoustic stimulation in early labor. Used 
in this manner, fetal acoustic stimulation could then be 
valuable as an “admission test” in early labor to triage 
fetuses to a low- or high-risk category for intrapartum 
fetal distress. 

The safety of fetal acoustic stimulation and stand- 
ardization of the technique have been questioned.'® A 
report evaluating intrauterine sound levels in pregnant 
ewes documents an average sound pressure of 135 dB 
_ when an artificial larynx was used.” However, Smith 

et al." placed microphones in the uteri of nine term 
gravid volunteers after amniorrhexis. Transabdominal 


acoustic stimulation with an artificial larynx produced 


intrauterine sound levels of 91 to 111 dB, a level 


. Be that should not pose major fetal risks. In addition, a 


2 study that compared 20 neonates exposed to acoustic 

‘stimulation during the intrapartum period with 20 
controls’ showed there was no difference in auditory 
nerve testing or brain stem—evoked responses between 
the two groups. Therefore it would seem that the po- 
tential clinical benefit outweighs any theoretic risk cur- 
rently associated with the technique. 

In conclusion, fetal acoustic stimulation in the early 
intrapartum period appears to be a reasonable tech- 
nique for triage of the fetus to a high- or a low-risk 
“category. Such information may be helpful to the cli- 
nician managing patients in labor. 
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Intracranial teratoma: Prolonged neonatal survival after 


prenatal diagnosis 


Lawrence A. Dolkart, MD, Robert J. Balcom, MD, George Eisinger, MB, BS 


Elmira, New York 


The prenatal diagnosis of an intracranial teratoma has been generally associated with either fetal death or 
very brief postnatal infant survival. A case is reported in which such a neonate survived for a month and 
was discharged home, despite the in utero diagnosis of a massive tumor. (Am J OBSTET GYNECOL 


1990;162:768-9.) 


Key words: Teratoma, ultrasonography, prenatal diagnosis 


The prenatal diagnosis of an intracranial teratoma 
by ultrasonography is a rare event. Once an in utero 
diagnosis is established, the prognosis is bleak. A still- 
born fetus or survival of a neonate for a few minutes 
or hours is usually expected. We present a case of a 
massive tumor in which the infant had an unusually 
prolonged survival. 


Case report 

A 22-year-old white, gravida 3, para 1 woman had 
an initial ultrasonographic examination at 20 weeks’ 
gestation to confirm gestational age; no abnormalities 
were detected. Her prenatal course remained normal 
until 33 weeks’ gestation at which time a fundic size 
greater than expected for dates was first noted. This 
prompted a level II ultrasonographic examination, 
which showed moderate polyhydramnios, an enlarged 
biparietal diameter (13 cm), significant hydrocephalus, 
and an echogenic 6 X 8 cm solid mass with cystic com- 
ponents occupying the right lateral ventricle (Fig. 1). 
Agenesis of the corpus callosum was noted, but all other 
major intracranial contents could be identified despite 
some distortion as a result of ventriculomegaly. The 
findings were consistent with an intracranial teratoma. 
No other fetal anomalies were identified. 

Chromosome analysis after amniocentesis revealed a 
normal 46,XX karyotype. The parents were advised of 
the poor prognosis. Neonatologists and neurosurgeons 
were notified of the fetal lesion, and an elective 
cesarean section was performed through a vertical in- 
cision after pulmonary maturity was documented (by 
lecithin/sphingomyelin ratio} at 37 weeks’ gestation. 
Birth weight was 4420 gm, and Apgar scores were 8 
and 9 at 1 and 5 minutes, respectively. The cranium 
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Fig. 1. Prenatal ultrasonographic examination of fetal head 
showing teratomatous mass. 


was massively enlarged (Fig. 2). The infant was re- 
markably stable throughout her hospitalization. Full 
oral feedings were established within 2 weeks of birth, 
and an appropriate weight gain was noted. A comput- 
erized tomography head scan confirmed the intracra- 
nial mass and a markedly thinned cortical mantle. On 
neurologic examination the baby displayed a normal 
cry, moved all extremities spontaneously, and displayed 
good tone. However, there was no response to visual 
or sound stimulation and chances for higher cortical 
function were believed to be remote. Multiple neuro- 
surgical opinions were obtained, and the general con- 
sensus was that the tumor was inoperable. Ventricular 
shunt placement was judged not to be indicated. 

The infant was discharged home. on the 32nd day 
after birth. Three days later the parents noted the sud- 
den onset of shallow respirations and poor color, and 
2 hours after readmission the child died of cardio- 
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Fig. 2. Massive cranial enlargement in neonate. 


respiratory arrest, without resuscitative efforts as re- 
quested by the parents. 

Necropsy showed advanced obstructive hydroceph- 
alus and a teratomatous mass that weighed 760 gm and 
measured 23 x 12 x 12 cm (Fig. 3). The tumor had 
destroyed the midbrain area and was considered to 
have been of pineal origin. Microscopic examination 
revealed a variety of well-differentiated tissue patterns, 
and a medulloblastoma component that caused diffuse 
malignant invasion. 


Comment 


Lipman et al.’ could document only 11 cases of fetal 
intracranial teratoma diagnosed by prenatal ultraso- 
nography (in 1985), and few subsequent cases have 
been reported. The tumor mass is typically huge and 
distorts the brain anatomy beyond recognition. Almost 
all neonates die within minutes or hours of birth, or 
are stillborn, although Paes et al.? described an unusual 


survival of 4 days. Our case is striking in that much of 
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Fig. 3. Gross specimen of teratoma. 


the cranial anatomy could be identified on ultrasono- 
graphic examination despite the large tumor size, and 
the neonatal course was surprisingly prolonged, with 
death occurring 35 days after birth. 

When these tumors are diagnosed prenatally, the 
parents must be informed of the grave prognosis. How- 
ever, obstetricians and neonatologists should be pre- 
pared for the atypical situation of survival for weeks, 
and even hospital discharge. Unfortunately, death has 
uniformly been the final outcome in these cases. 
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Transient oligohydramnios in a severely hypovolemic gravid 
woman at 35 weeks’ gestation, with fluid reaccumulating 
immediately after intravenous maternal hydration 


David M. Sherer, MD, Jacquelyn B. H. Cullen, MD, Howard O. Thompson, MD, and 


James R. Woods, Jr., MD 
Rochester, New York 


Oligohydramnios is known to accompany chronically hypovolemic maternal conditions, usually 
preeclampsia, pregnancy-induced hypertension, and intrauterine growth retardation. A case is presented in 
which an acute maternal hypovolemic situation with oligohydramnios was treated vigorously with 
intravenous fluid hydration; ultrasonography documented immediate reaccumulation of normal amniotic 


fluid volume. (Am J OpsteT Gynecot 1990;162:770-1.) 


Key words: Acute transient oligohydramnios, maternal hypovolemia 


The amniotic fluid from approximately 21 weeks’ 
gestation, on fetal skin keratinization, is primarily 
formed by the production of fetal urine and reabsorbed 
by fetal swallowing. Goodlin et al.' have shown a direct 
relationship between the degrees of maternal plasma 
volume expansion and amniotic fluid volume. We pre- 
sent a case of acute transient oligohydramnios in a se- 
verely hypovolemic gravid woman, which on rehydra- 
tion was followed by an immediate reaccumulation of 
normal amniotic fluid volume. 


Case report 

A 29-year-old, black woman, gravida 4, para 2, was 
admitted to the labor suite at 35% weeks’ gestation with 
acute severe nausea, vomiting, and diarrhea. She de- 
nied fever, chills, dysuria, or leakage of amniotic fluid. 
Her medical history was unremarkable, and her cur- 
rent pregnancy had been uneventful. Repeated sono- 
graphic examinations were performed for purposes of 
ascertaining dates. The most recent evaluation at 31 
weeks was associated with normal amniotic fluid vol- 
ume. Physical examination on admission showed a 
blood pressure of 132/84 mm Hg with orthostatic hy- 
potension, a heart rate of 90 beats/min and a temper- 
ature of 37° C. The fundal height was 34 cm and hy- 
perperistaltic bowel sounds were heard. The cervix was 
posterior, long, and closed. Sterile speculum exami- 
nation did not show evidence of amniotic fluid, and 
therefore premature rupture of membranes was con- 
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sidered unlikely. Laboratory results were: hematocrit 
37%, white blood cell count 13,000 mm”, blood urea 
nitrogen 4 mg/dl, sodium 141 mEq/L, potassium 
3.4 mEq/L, chloride 107 mEq/L, and creatinine 0.7 
mg/dl. Evaluation of the urine showed moderate ke- 
tonuria and a toxicology screen gave a negative result. 
Stool cultures and specimens were obtained for para- 
sitic workup. The nonstress test was reactive. Sono- 
graphic examination (Technicare, Denver, SSD, 280 
SL, with a 3.5 MHz linear transducer) revealed a sin- 
gleton vertex-presenting fetus with appropriate-for- 
gestational-age growth parameters, an estimated fetal 
weight of 2319 gm, and severe oligohydramnios (Fig. 
1). With the presumptive diagnosis of acute gastroen- 
teritis, intravenous hydration was initiated with lactated 
Ringer's solution. Over an initial period of 8 hours, the 
patient was noted to be severely oliguric, voiding only 
80 ml of urine, despite having received 4000 ml of 
crystalloid fluids. The specific gravity of the urine was 
1.030, A central venous pressure line was inserted in 
the right subclavian vein and measured 0 cm. With the 
diagnosis of severe hypovolemia despite the efforts at 
rehydration, an additional 2500 ml of crystalloid fluids 
was administered, gradually maintaining a central ve- 
nous pressure of 5 to 6 cm. The urine output increased 
gradually to 100 ml/hr and the specific gravity fell to 
1.001. 

Repeat laboratory tests revealed an expected de- 
creased hematocrit of 32.4%, blood urea nitrogen 2 
mg/dl, sodium 136 mEq/L, potassium 3.4 mEq/L, and 
chloride 105 mEq/L. Repeat sonographic examination 
10 hours after maternal urine output had been docu- 
mented at a rate of 100 ml/hr showed adequate am- 
niotic fluid (Fig. 2). The patient was discharged in good 
general health. Subsequently, at 37 weeks, she was de- 
livered vaginally of a male infant weighing 2590 gm 
with Apgar scores of 7 and 9 at land 5 minutes, re- 
spectively. The amount of amniotic fluid at delivery was 
normal. 
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Transient oligohydramnios in hypovolemic gravida mH 


Fig. 1. Oligohydramnios during maternal hypovolemic state. pl, Placenta. 
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Fig. 2. Sonographic evidence of adequate amniotic fluid volume immediately after maternal hy- 
povolemia had been corrected. (Note difference in magnification from Fig. 1.) 


Comment 

According to Goodlin et al.’ uterine perfusion ap- 
pears to be important in the formation of amniotic 
fluid. In this 1983 study, maternal plasma volume ex- 
pansion with either oral fluid or intravenous 25% or 
5% albumin was documented, with the use of ultra- 
sonography, to increase the amniotic fuid volume. Of 
note, the patients in this study included those with 
chronic pregnancy complications, i.e., hypertension or 
fetal growth retardation. Conversely, acute oligohy- 
dramnios has been noted to occur abruptly within 24 
hours in postdates pregnancies, presumably as a result 
of placental insufficiency.” 

The case we presented is, to the best of our knowl- 


edge, the first report in which a patient with oligohy- 
dramnios presenting in an acutely hypovolemic state 
had reaccumulation of amniotic fluid after massive nya 
ternal intravenous hydration. This case further sup- 
ports the premise that amniotic fluid volume may be 
influenced directly through maternal plasma volume 
expansion. 
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Preoperative assessment of fragment D-dimer as a predictor of 


postoperative venous thrombosis 


George J. Olt, MD," Charles Greenberg, MD,” Ingrid Synan, RN," R. E. Coleman, MD," and 


Daniel Clarke-Pearson, MD* 
Durham, North Carolina 


We used a latex agglutination assay to measure preoperative plasma fragment D-dimer levels in patients 
admitted to a gynecologic oncology service. Eight percent of 71 patients with gynecologic cancer had 
elevated fragment D-dimer levels; none of these patients developed postoperative deep venous 
thrombosis. Preoperative elevation of the fragment D-dimer level was not predictive of postoperative deep 


venous thrombosis. (AM J Osstet GYNECOL 1990;162:772-5.) 


Key words: Venous thrombosis, fragment D-dimer, gynecologic malignancies, 


hypercoagulability 


Trousseau’s original report! first described the now 
well-established association of malignancy and venous 
thromboembolic disease. Patients with gynecologic ma- 
lignancies undergoing radical pelvic surgery face an 
increased risk of developing deep venous thrombosis 

» when compared with patients in whom surgery is per- 
formed for benign disease. Indeed, after surgery for 
early cervical and uterine malignancies, thromboem- 
bolic events are the most common postoperative com- 

_ plication resulting in death.’ 

Venous thrombosis remains difficult to predict be- 

“cause, unfortunately, there are seldom warning signs. 
Previously, in an attempt to predict deep vein throm- 


bosis preoperatively, we investigated the association of 


clinical variables and the occurrence of postoperative 
deep vein thrombosis.’ We found that the following 
-variables were independently associated with the oc- 
currence of postoperative deep vein thrombosis: age 
greater than 45 years, presence of leg edema, severity 
of varicosities, pelvic exenteration or vulvectomy, non- 
white patients, prior radiation therapy, history of prior 
deep vein thrombosis, and anesthesia duration. Vari- 
ables that were not associated with postoperative deep 
“vein thrombosis included blood type, hematocrit, plate- 
let count, prothrombin time, partial thromboplastin 
time, fibrinogen level, and fibrin split products. 
Although the association of cancer and thromboem- 
bolic disease is well documented, its pathogenesis re- 
“mains unclear. Often implicated is a vaguely defined 
-hypercoagulable state that is believed to be expressed 
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by chronic disseminated intravascular coagulation.’ To 
quantitate this hypercoagulability, numerous investi- 
gators have evaluated levels of clotting factors and their 
subunits. No reliable laboratory predictors of hyper- 
coagulability or venous thromboembolic disease have 
yet been reported. Much recent work has focused on 
clot formation and subsequent lytic ability as predictors 
of thrombosis. 

During hemostasis and thrombosis, blood coagula- 
tion Factor XHI, forms a cross-linked fibrin that is 
chemically and mechanically stabilized by covalent 
bonds between the fragment D-dimer domains of ad- 
jacent fibrin molecules. Fragment D-dimers are re- 
leased from the cross-linked clot during plasmin- 
mediated lysis. These cross-linked fragments are not 
produced by fibrinogenolysis. Thus fragment D-dimer 
is a specific indicator of fibrin formation and its sub- 
sequent lysis by plasmin. Recently a monoclonal anti- 
body, DD-3B6, was developed that recognizes the frag- 
ment D-dimer and that forms the basis of a semiquan- 
titative latex agglutination D-dimer assay. 

Elevations in fragment D-dimer levels have been re- 
ported in patients with various malignancies.” We un- 
dertook the present study to (1) evaluate the presence 
of elevated fragment D-dimer levels in gynecologic on- 
cology patients and (2) to evaluate the possible associ- 
ation of preoperative fragment D-dimer elevations and 
postoperative deep vein thrombosis. 


Material and methods 


All patients admitted to the gynecologic oncology di- 
vision at Duke University Medical Center between Au- 
gust 1984 and July 1986 and who. subsequently. un- 
derwent surgery for known or presumed malignancy 


_were eligible for inclusion in the study. One hundred — 
- twelve patients were randomly chosen and received no 
. thromboembolic prophylactic therapy (external pneu- 
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Table I. Distribution of clinical risk factors 


Clinical variables All patients 


57 yr (25-82 yr) 
66 kg (43-220 kg) - 


Age (median) 
Weight (median) 


Cancer 
Yes 71 
_ No 18 
Race 
Nonwhite 18 (20%) 
White 71 (80%) 
History of DVT ; 
Yes 3 (3%) 
No 86 (97%) 
Prior radiation 
Yes 6 (7%) 
No 83 (93%) 
Varicosities 
None 79 (89%) 
Mild 10 (11%) 
Leg edema 
Yes 7 (8%) 
No ' 82 (92%) 


Surgery: type 
Exent or vulvectomy __ 5 (6%) 
Other 82 (94%) 


DVT, Deep vein thrombosis. 


matic compression, low-dose heparinization). Patient 
demographic information obtained included age, race, 
weight, history of prior deep venous thrombosis, prior 
radiation therapy, presence of varicosities and leg 
edema, and type of surgery. Eighteen patients were 
excluded because they did not consent to measure- 
ments of the fragment D-dimer level and 5 patients 
were excluded due to an inability to complete deep vein 
thrombosis evaluation. 

Blood samples were drawn from patients on the day 
of hospital admission. Plasma was obtained by collecting 
whole blood in 3.2% citrate (9:1). Fragment D-dimer 
values were determined with a Fibrinosticon (Organon 
Teknika Corp., Durham, N.C.) or a Data-Fi Dimertest 
(American Dade, Miami, Fla.) latex bead assay accord- 
ing to the manufacturers’ recommendations. In brief, 
patient plasma samples were diluted with buffer and 
mixed with antibody-coated latex particles. The’ mix- 
ture was then gently rocked for 2 minutes and exam- 
ined for agglutination. The greatest dilution at which 
macroscopic agglutination was observed was multiplied 
by a correction factor to yield units equivalenced to 
fibrinogen. Values =2 g/ml were considered normal. 
None of these patients had abnormal prothrombin or 
partial thromboplastin times and all had platelet counts 
>100,000/mm’. 


Surveillance for deep vein thrombosis was performed — 


by the '*I fibrinogen uptake test. One hundred mi- 
crocuries of '*] fibrinogen was intravenously injected 
shortly after admission. Potassium iodide was given 
orally before injection to block thyroid uptake of '*I. 
Fibrinogen '*I leg counting was performed at 2-inch 


D-dimer as predictor of of postoperative venous thrombosis 773 


Table II. Disease status of all patients 


: Negative 
D-dimer level 










Positive 
D-dimer level 





Site of malignancy 








Ovarian cancer 25 2 
Uterine sarcoma 2 0 
Endometrial! cancer 22 2 
Cervical cancer 13 2 
Vaginal cancer 1 0 
Vulvar cancer 2 0 
Nonmalignant 18 0 
Stage of malignancy 
Stages I and II 43 4 
Stages III and IV 22 2 
Nonmalignant 18 0 
Table III. Surgical procedures in all patients 
Negative Positive 
Surgical procedure D-dimer level| D-dimer level 
Exploratory laparatomy 19 1 
BSO + TAH 17 2 
BSO + TAH, lymphadenectomy 34 3 
Radical hysterectomy 7 0 
Vulvectomy 3 0 
Exenteration 2 0 
Other I 0 


BSO, Bilateral salpingo-oophorectomy; TAH, total abdom- 
inal hysterectomy. 


intervals over the deep veins of the calf and thigh as 
described by Flanc et al.’ The legs were elevated before 
counting to reduce venous pooling and precordial 
counts were obtained for normalization. Leg counts 
were determined as a percentage of the precordial 
level. Results of the '*I fibrinogen uptake test were 
considered positive if any of the following criteria were 
met: (1) counts were increased by 20% over adjacent 
sites, (2) counts were increased by 20% over the same 
site on the contralateral leg, or (3) counts were in- 
creased by 20% over prior counts at the same site for 
2 consecutive days. Ascending venography was per- 
formed in all patients with abnormal '*I fibrinogen 
counts. 


Results 


Fragment D-dimer values were obtained and 'I fi- 
brinogen leg counting was completed for 89 patients. 
The demographic characteristics of the patient popu- 
lation are summarized in Table I, disease status is listed 
in Table II, and surgical procedures are listed in Table 
III. There appeared to be no significant differences 
between patients with and without positive fragment 
D-dimer levels in demographic variables, type of sur- 
gery,.or extent of disease, although the small number 
of patients with positive values precluded the use of 
statistical methods. A diagnosis of malignancy was es- 
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tablished in 71 of 89 (80%) patients, either before or 
after surgery. 

Elevated preoperative fragment D-dimer levels were 
noted in 6 of 71 (8%) cancer patients. None of the 
patients with preoperative elevations of fragment D- 
dimer levels had a positive '*I fibrinogen uptake test 
result. 

Deep venous thrombosis was venographically proved 
in 6 of 89 (7%) patients. Five of these six patients had 
a diagnosis of malignancy. Patients with thrombosis lo- 
cated in the thigh or popliteal region received full-dose 
heparin anticoagulation. No embolic sequelae were de- 
tected among the patients with deep vein thrombosis. 
None of the patients who developed postoperative deep 
vein thrombosis had preoperative elevations of frag- 
ment D-dimer levels. 

Comparison of the presence of postoperative deep 
vein thrombosis with elevated fragment D-dimer levels 
resulted in a sensitivity of 0% and a specificity of 90%. 
The positive predictive value was 0% and the negative 
predictive value was 93%. To interpret meaningfully 
the finding of no fragment D-dimer elevations among 
the six patients with deep vein thrombosis, we calcu- 
lated confidence levels. A 95% confidence level for the 
finding of none of six patients with deep vein throm- 
bosis having a negative fragment D-dimer value estab- 
lished a maximum chance of 39% of an elevated frag- 
ment D-dimer level in a patient with deep vein 
thrombosis.* Although no occurrences of an elevated 
preoperative fragment D-dimer level were associated 
with a postoperative deep vein thrombosis, because of 
the small number of patients developing deep vein 
thrombosis a 39% maximum chance remains that the 
next patient who develops a deep. vein thrombosis will 
have a preoperative elevation of fragment D-dimer 
levels. 


Comment 

Virchows’ triad of hypercoagulability, stasis, and en- 
dothelial damage contributes to postoperative venous 
thrombosis. Stasis and endothelial damage occur in all 
patients undergoing major pelvic surgery. Hyperco- 
agulability represented by chronic disseminated intra- 
vascular coagulation is associated with malignancy.’ 
Therefore, it seems likely that patients with on- 
going, low-grade, intravascular coagulation preopera- 
tively could manifest an increased incidence of throm- 
bosis postoperatively. 

A normal healthy population would be expected to 
have a very low rate of intravascular coagulation, a fact 
borne out by previous work showing no elevations of 
fragment D-dimer levels in 80 healthy individuals.* Our 
study demonstrates the increased presence of asymp- 
tomatic disseminated intravascular coagulation in pa- 
tients with malignancy. The D-dimer level elevation in 
8% of our patients is lower than previously reported 
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increases of 38% to 68% of the less specific fibrin split 
products.'® © 

Interestingly, in this study patients with elevated pre- 
operative D-dimer levels were not at increased risk of 
postoperative deep vein thrombosis. Indeed, none of 
the patients with an elevated D-dimer level preopera- 
tively had venous thrombosis postoperatively. Thus, the 
hypercoagulable state as defined by fibrin clot forma- 
tion and its subsequent lysis by plasmin is not predictive 
of subsequent deep vein thrombosis. The presence of 
elevated fragment D-dimer levels demonstrates the pa- 


` tients’ ability to lyse cross-linked fibrin. This endoge- 


nous lytic ability may in fact protect against the for- 
mation and propagation of venous thrombosis, and 
therefore elevated fragment D-dimer levels may ac- 
tually identify patients at low risk of postoperative deep 
vein thrombosis. Conversely, inadequate plasmin lysis 
of fibrin may contribute greatly to deep vein throm- 
bosis. This possibility is supported by a previous report 
of decreased levels of releasable tissue plasminogen ac- 
tivator in patients with gynecologic malignancies."* 

Also notable is that the incidence of deep vein throm- 
bosis in this study, 7%, is less than that in our previous 
studies.'* ' We feel that this discrepancy possibly re- 
flects the lower mean patient age in this study, as patient 
age greater than 45 years is the primary variable as- 
sociated with postoperative deep vein thrombosis. 

Although patients with postoperative deep vein 
thrombosis were few, fragment D-dimer levels as mea- 
sured by latex agglutination assay appear to be of lim- 
ited value in screening patients preoperatively for the . 
prediction of postoperative thrombosis. However, frag- 
ment D-dimer could be useful in the early detection of 
venous thrombus formation after surgery. Addition- 
ally, an enzyme-linked assay could improve the sensi- 
tivity of detection of fragment D-dimer. These possi- 
bilities are currently under prospective study in asso- 
ciation with factors involved in plasmin-mediated clot 
lysis. 
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Ovulation and successful pregnancy in a woman with ovarian 
failure after hypophysectomy and gonadotropin therapy 


Jerome H. Check, MD 
Camden, New Jersey 


A 38-year-old woman ovulated and conceived after administration of human menopausal gonadotropins 
despite a previous diagnosis of ovarian failure at age 18. Possible explanations include restoration of 
down-regulated gonadotropin receptors by development of a prolactinoma, spontaneous remission of 
autoimmune oophoritis, or prior tumor secretion of biologically inert gonadotropins. (Am J OBSTET GYNECOL 


1990;162:775-6.) 


Key words: Ovarian failure, prolactinoma, pregnancy, human menopausal gonadotropins, 


hypophysectomy 


Ovulation induction has been achieved in some 
women with ovarian failure by first suppressing ele- 
vated gonadotropin levels with high-dose estrogen (eth- 
inyl estradiol’) or with gonadotropin-releasing hor- 
mone agonists (leuprolide acetate’) followed by stim- 
ulation with human menopausal gonadotropins (hMG). 
.Pregnancies also have been recorded. 


A case is described of another viable pregnancy re- 
corded in a woman with ovarian failure. This patient 
also responded to hMG stimulation after gonadotropin 
suppression; but in this case reduction of the high 
luteinizing-hormone (LH) and follicle-stimulating hor- 
mone (FSH) levels was attained after hypophysectomy 
for pituitary macroadenoma.: 
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Case report 


A 35-year-old woman was seen for evaluation of sec- 
ondary amenorrhea. Menarche occurred at age 13, but 
at age 18 oligomenorrhea developed, followed by 
amenorthea. She was evaluated at a university hospital 
and was told that the urinary gonadotropin levels were 
elevated, suggesting premature menopause (records 
not available), and that she would never be able to con- 
ceive. After marriage, she was reevaluated because of 
amenorrhea and infertility at age 27 and was once again 
informed that, on the basis of increased serum LH (92 
mIU/ml) and FSH (78 mIU/ml) levels, ovulation and 
subsequent pregnancy would be exceedingly rare. Dur- 
ing both evaluations the patient failed to have menses 
after being given medroxyprogesterone acetate 10 mg 
for 10 days. 

Laboratory studies demonstrated a serum estradiol 
level of 5 pg/ml and LH and FSH values <1.0 
mIU/ml. The serum prolactin level was very elevated 
at 975 ng/ml. Thyroid and cortisol levels were normal. 

Computerized axial tomography revealed a large pi- 
tuitary mass with suprasellar extension into both the 
sphenoid sinus and left middle fossa. After bromocrip- 
tine therapy, the tumor shrank to 50% of its original 
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size and a successful transsphenoidal hypophysectomy 
was performed. 

Although serum prolactin levels remained between 
400 and 600 ng/ml (while serum LH and FSH values 
remained low), despite therapy with bromocriptine 
5 mg daily, no growth of the prolactinoma was noted. 
She requested attempts for ovulation induction to try 
to achieve a pregnancy at age 37 despite the knowledge 
that the estrogen of pregnancy could enhance tumor 
growth. 


She was treated with hMG and ovulated in 6 of her 


first nine cycles, averaging 3950 IU of hMG, and serum 
estradiol levels ranging from 220 to 1055 pg/ml were 
attained during her ovulatory cycles. She conceived in 
her ninth and tenth hMG-treated cycles but aborted 
during the first trimester after fetal viability was shown 


by sonography 5 weeks after conception in both in- - 


stances. 

A third conception was recorded on her second hMG 
cycle after the previous abortion. She was treated 
throughout the pregnancy with supplemental proges- 
terone and was delivered prematurely (at 31 weeks’ 
gestation) of a male infant who is doing well 1 month 
after delivery. 


Comment 


We believe the 20-year interval, from initial diagnosis l 


of ovarian failure to pregnancy, to be the longest one 
reported, unfortunately without an anatomic diagnosis 
(laparoscopy and ovarian biopsy were not thought to 
be clinically warranted). There are at least two possible 
explanations for the events that occurred in this patient. 

The first possibility is that the tumor began as, a 
gonadotropin- and prolactin-secreting lesion but the 
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LH and FSH produced were biologically inert. Even- 
tually, the tumor enlarged, causing necrosis of the go- 
nadotropin cells, and became a pure prolactinoma. 
Thus, if this model is correct, perhaps this woman 
might have responded to hMG therapy at age 27, when 
serum LH and FSH levels were still elevated. However, 
against this hypothesis is the rarity of gonadotropin- 
secreting tumors; furthermore, to our knowledge there 
has never been a report of the conversion of these 
tumors to a macroadenoma secreting exclusively pro- 
lactin. 

Another possible explanation for these clinical events 
is that the ovarian damaging process ceased at age 18, 
but the resulting elevation of gonadotropin levels re- 
sulted in down-regulation of gonadotropin receptors, 
thus inhibiting response to endogenous gonadotropins. 
Restoration of receptors would theoretically occur with 
the suppression of LH and FSH by the hyperprolac- 
tinemia and subsequent hypophysectomy. 

Finally, a third hypothesis is that the patient went 
into spontaneous remission of autoimmune oophoritis 
(no damage to ovarian tissue occurs) but failed to spon- 
taneously ovulate because of the fortuitous develop- 
ment of the prolactinoma. 
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Acute renal failure in hypertensive disorders of pregnancy 


Pregnancy outcome and remote prognosis in thirty-one 


consecutive cases 


Baha M. Sibai, MD, Marco A. Villar, MD, and Bill C. Mabie, MD 


Memphis, Tennessee 


The purpose of this study is to report short-term pregnancy outcome, subsequent pregnancy outcome, and 
remote prognosis (follow-up from 0.3 to 9.8 years) in 31 cases-complicated by acute renal failure. Eighteen 
patients had “pure” preeclampsia and 12 patients (13 pregnancies) had chronic hypertension, parenchymal 
renal disease, or both before pregnancy. All patients had serial evaluation of renal function, urine 
microsocpy, and electrolyte studies at the onset of acute renal failure and on follow-up. There were three 
immediate maternal deaths (two in the pure preeclampsia group and one in the other group). Nine patients 
(50%) in the “pure” group required dialysis during hospitalization and all 18 patients had acute tubular 
necrosis. Five patients (42%) in the other group required immediate dialysis and three patients had 
bilateral cortical necrosis. The majority of pregnancies in both groups were complicated by abruptio 
placentae and hemorrhage. All 16 surviving patients in the pure: preeclampsia group had normal renal 
function on fong-term follow-up (average 4.0 + 3.1 years). Conversely, nine of the 11 surviving patients in 
the second group required long-term dialysis on follow-up and four of them ultimately died of end-stage 
renal disease. We conclude that proper management of acute renal failure in patients with pure 
preeciampsia-eclampsia does not result in residual function impairment. (Am J' OBSTET GYNECOL 


1990;162:777-83.) 


Key words: Renal failure, pregnancy, hypertension, remote prognosis 


Acute renal failure is an extremely rare complication ` 


of preeclampsia-eclampsia and its development is usu- 
ally a result of either acute tubular necrosis or rarely 


eo. 


bilateral cortical necrosis. The pathogenesis of acute ` 
renal failure continues to be the subject of extensive - 
investigation and several pathologic mechanisms have ° 


been implicated as possible etiologic factors. The oc- - 
currence of acute renal failure is usually associated with ~ 


preeclampsia-eclampsia complicated by abruptio pla- 
centae and disseminated intravascular coagulopathy 
(DIC). As a result, these pregnancies are associated 
with increased maternal-perinatal mortality and mor- 
bidity." In addition, it has been reported that patients 
who progressed to acute renal failure as a result ‘of 
preeclampsia-eclampsia had a higher incidence of re- 
sidual renal function impairment.*'® 

In this article we report our observations from 
31 recently managed cases of severe preeclampsia- 
eclampsia complicated by acute renal failure. The pur- 
poses of this clinical report are (1) to determine the 
influence of preexisting renal disease, associated ob- 
stetric complications, and therapeutic interventions on 
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the incidence of renal failure and (2) to report the 
maternal-perinatal outcome, subsequent pregnancy 
outcome, and remote prognosis in such patients. 


Material and methods 


The E. H. Crump Women’s Hospital and Perinatal 
Center in Memphis serves as a tertiary referral center 
for hospitals with approximately 30,000 deliveries an- 
nually in the Mid-South. The service area includes five 
states. Tennessee, Arkansas, Mississippi, Missouri, and 
Kentucky. During the study period from August 1977 
to January 1989, 31 of the hypertensive pregnancies 
managed at this center were complicated by acute renal 
failure. Eighteen of these 31 women were diagnosed 
with “pure” preeclampsia-eclampsia. All 18 patients 
had no evidence of hypertension before pregnancy and 
all were normotensive before 20 weeks’ gestation. The 
remaining 13 pregnancies complicated by acute renal 
failure occurred in 12 patients with documented evi- 
dence of renal disease, chronic hypertension, or both 
before pregnancy. 

The chart of each patient was studied to determine 
any antecedent prenatal, intrapartum, or postpartum 
event that led to the development of acute renal failure. 
The information was collected at the time of diagnosis 
of acute renal failure or when the patient was admitted 
to the perinatal center. In the latter case we obtained 
all prenatal, emergency room, and hospital records of 
all patients referred to the perinatal center. 
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Table I. Clinical characteristics of the 
two groups 









Chronic 
hypertension-renal 
disease (n = 12*) 


Pure 
preeclampsia 
(n = 18) 





Maternal age (yr) 23.5 + 5.7 29.1 + 7.2 
(mean + SD) f 

Gestational age (wk) 33.1 + 5.9 28.0 + 6.2 
(mean + SD)t 

Black/white 12/4 8/4 

Nulliparous (No.) 9 (50%) 3 (25%) 

Eclampsia/pre- -8/10 2/10 
eclampsia 


*Twelve patients had 13 pregnancies with renal failure. 
tp < 0.05. 


Table II. Laboratory findings 










Chronic 
hypertenston-renal 
disease (n = 13) 







Pure preeclampsia 


Creatinine clearance 4.8 = 8.0 8.6 + 8.0 
(ml/min) 

Creatinine (mg/dl) 8.0 + 3.6 7.6 + 3.4 

Blood urea nitrogen 73 + 22 69 + 29 
(mg/dl) 

HELLP syndrome 17 (93%) 3 (23%) 
(No.) : 

DIC (No.) 16 (89%) 8 (62%) 


Data are expressed as mean + SD. 
*p < 0.0003. 


All patients’ records were carefully and extensively 
reviewed by us. In the majority of cases, the patients 
were seen and followed up by us. In other cases, hos- 
pital records and the records of other medical providers 
were accepted only if they were determined to be ad- 
equate and reliable (all cases). 

The diagnosis of acute renal failure was made on the 
basis of clinical and laboratory findings. Acute tubular 
necrosis was diagnosed in the presence of oliguria- 
anuria of >3 but <21 days’ duration. Bilateral cortical 
necrosis was diagnosed by renal biopsy or autopsy. Lab- 
oratory evaluation included serial determination of re- 
nal function tests, coagulation profile, and liver func- 
tion tests. Disseminated intravascular coagulopathy is 
defined as the presence of thrombocytopenia (<100 x 
10°/mm’), low fibrinogen (<3000 mg/dl), positive 
fibrin split products (>40 g/dl), and prolonged 
prothrombin and partial thromboplastin times. The 
HELLP syndrome is defined as described in a recent 
report": hemolysis diagnosed as abnormal smear, ele- 
vated indirect bilirubin and lactate dehydrogenase 
levels >600 IU/L, elevated liver enzymes diagnosed as 
serum glutamic-oxaloacetic transaminase >72 IU/L, 
and low platelets as a count <100 x 10°/mm*. Oliguria 
is defined as urine output of <400 ml in a 24-hour 
period. 
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Management of these patients included careful mon- 
itoring of electrolyte and acid-base status, fluid restric- 
tion, special renal failure diet (2 gm sodium, 2 gm po- 
tassium), high biologic value 40 gm protein diet. Ion- 
exchange resins for hyperkalemia and dialysis were 
used when appropriate. 

Long-term follow-up. Subsequent follow-up data 
were available for all 28 surviving patients. Early follow- 
up (first 2 mionths) was done at our follow-up clinics, 
whereas later follow-up data were obtained from local 
health department clinics, renal clinics, and local phy- 
sicians. Fourteen of the 16 surviving patients had sub- 
sequent evaluations and examinations at our clinics. 
Maternal evaluation included physical examinations, ` 
urine microscopy,-24-hour evaluation of urine func-- 
tion, and serum electrolyte studies. The other two pa- 
tients had similar evaluations at local physicians’ offices. 
Seven of the 11 surviving patients in the chronic 
hypertension—renal disease group had their evalua- 
tions in the renal units in Memphis, two had their eval- 
uations in the renal units in their cities, and the re- 
maining two patients had their evaluations in our 
clinics. 

Analysis of data focused on the influence of maternal 
age, parity, présence of preexisting medical problems, 
associated obstetric complications, therapeutic mea- 
sures used, and laboratory findings. Additional data 
included time of onset of renal failure in relation 
to delivery, procedures used, maternal-perinatal out- 
come, subsequent pregnancy outcomes, subsequent re- 
nal function, and maternal outcome. 

Statistical analysis. Results were analyzed by Stu- 
dent’s t test for comparison of means and x? or Fisher’s 
exact test for comparison of frequencies. 


Results 


During the study period there were approximately 
9600 pregnancies complicated by hypertensive disor- 
ders at this center. Of these, 1684 were complicated 
by severe preeclampsia (n = 1433) or eclampsia (n = 
251). Thirty patients had 31 pregnancies that were 
complicated by acute renal failure. Eighteen of these 
patients had “pure preeclampsia,” whereas the other 
12 patients had preexisting chronic hypertension, renal 
disease, or both. Table I compares the clinical charac- 
teristics between the two groups of patients. The pure 
preeclamptic group had significantly higher (p < 0.05) 
gestational age at time of delivery than the other group 
and more patients with eclampsia. 
` The onset of renal failure was postpartum in all pa- 
tients with pure preeclampsia. Acute renal failure 
developed from 1 to 5 days post partum. Conversely, 
acute renal failure developed antepartum in four of 
the 13 pregnancies with chronic hypertension, renal 
disease, or both. Management of patients with pure 
preeclampsia-eclampsia consisted of intravenous mag- 
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Table III. Associated maternal complications 







Pure preeclampsia 


Acute renal failure in hypertensive pregnancies 779 


Chronic hypertension-renal 
disease 











Abruptio placentae 9 
Pulmonary edema 11 
Metritis-sepsis 9 
Postpartum hemorrhage ‘17 
Cerebral edema/injury 3 
Cardiac arrest 2 
Malignant hypertension* 4 


*Nitroprusside therapy required. 


nesium sulfate to prevent and control convulsions and 
bolus doses of hydralazine or continuous infusion of 
sodium nitroprusside to control severe hypertension. 
Similar management was used during the postpartum 
period. Invasive hemodynamic monitoring was used in 
12 of the 18 patients. 

Patients with chronic hypertension, renal disease, or 
both were managed with methyldopa, hydralazine, or 
both agents, during the antepartum period. Two pa- 
tients with class F diabetes were managed with insulin 
and methyldopa. One patient with systemic lupus er- 
ythematosus was managed with oral prednisone and 
one other patient who had termination of pregnancy 
was treated with oral nifedipine. In addition, seven pa- 
tients in this group required sodium nitroprusside to 
control malignant hypertension. Invasive hemody- 
namic monitoring was used in seven of these patients. 
Eight of the 12 patients had abnormal renal function 
before pregnancy (serum creatinine between 1.2 and 
2.4 mg/dl). 

Table II summarizes the laboratory findings in the 
two study groups. The two groups had similar abnor- 
malities in renal function tests. However, the pure pre- 
eclamptic group had a significantly higher (p < 0.0003) 
incidence of HELLP syndrome. l 

Management and pregnancy outcome, Eleven pa- 
tients (61%) in the pure preeclamptic group were de- 
livered by cesarean section; seven (57%) in the other 
group were delivered by cesarean section. Three pa- 
tients in the pure group required laparotomy after de- 
livery: one because of ruptured liver hematoma, one 
because of retroperitoneal hematoma, and the third 
because of bladder flap and subfascial hematoma. In 
addition, three patients in the second group had pro- 
cedures after delivery: one because of wound eviscer- 
ation, and the other two for removal of retained prod- 
ucts of conception. 

Table IH summarizes the maternal complications in 
the two groups of patients. Postpartum hemorrhage 
was the most frequent complication in both groups fol- 
lowed by pulmonary edema and abruptio placentae. 
Seven of the 18 patients in the pure preeclampsia group 





50 T 54 
61 7 54 
50 7 54 
93 11 85 
I7 1 8 
1] I 8 
22 7 54 





had significant episodes of hypotension leading to hy- 
povolemic shock; all were corrected within 12 hours. 
Three of the 12 patients in the chronic hypertension 
group had hypovolemic shock. None of these episodes 
lasted Jonger than 12 hours. In addition, most of the 
patients had more than one complication. All patients 
in the pure preeclampsia group received blood and 
blood products therapy, whereas 12 of the 13 patients 
in the other group required such therapy for various 
reasons. 

The 31 pregnancies resulted in 32 births (one set of 
twins). There were 13 perinatal losses for an overall 
perinatal loss of 41% (29% in the pure preeclamptic 
group and 57% in the other group). There were four 
stillbirths and one neonatal death in the pure pre- 
eclampsia group; there were seven stillbirths and a 
pregnancy termination at 16 weeks’ gestation in the 
other group. Eleven (84%) of the 13 perinatal losses 
were related to abruptio placentae, one was related to 
ruptured liver hematoma, and the other was a result 


‘of pregnancy termination. 


The mean gestational age in the pure preeclamptic 
group was 33.1 weeks (range, 20 to 39 weeks), whereas 
it was 28.0 weeks (range, 20 to 35 weeks) in the other 
group. Overall, 12 pregnancies (37.5%) were =30 
weeks’ gestation, 15 (47%) were between 31 to 36 weeks, 
and five (15.5%) were >36 weeks’ gestation. The Apgar 
score was <4 at ] minute in nine (45%) liveborn infants 
and <7 at 5 minutes in six (30%) infants. 

Maternal outcome. There were three immediate ma- 
ternal deaths. Two patients in the pure preeclampsia 
group died at 8 and 9 weeks post partum. One patient 
with triscupid atresia died of massive pulmonary em- 
bolism. Autopsy findings revealed no residual renal 
damage. The other patient died of cerebral damage 
and adult respiratory distress syndrome. Both patients 
had eclampsia with cardiac arrest and one of them re- 
quired dialysis. Both had acute tubular necrosis and 
both had normal renal function (serum creatinine levels 
of 1.0 and 0.5 mg/dl, respectively) at 6 weeks post par- 
tum. The third maternal death occurred in the second 
group. This patient had glomerulosclerosis and was 
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Table IV. Renal function values in patients 


with pure preeclampsia 


Duration of follow-up (yr) 4.0 + 3.1 0.3-9.8 
Serum creatinine (mg/dl) 0.80 + 0.13 0.5-1.0 
Blood urea nitrogen (mg/dl) 10 + 3 5-15 
Creatinine clearance (ml/min) 128 + 17 112-170 
99 + 54 0-161 


Proteinuria (mg/24 hr) 


seen in acute renal failure at 15 weeks’ gestation. She 
required multiple dialysis, had termination of preg- 


nancy at 16 weeks’ gestation, and died 3 days after. 


pregnancy termination. Autopsy was denied by the 
family. 

Nine patients (50%) in the pure preeclampsia group 
required dialysis during hospitalization. All nine had 
dialysis for azotemia and hyperkalemia (mean creati- 
nine level of 10.8 mg/dl). The average maternal age of 
those who required dialysis was 23.4 years, which was 
similar to the maternal age of those who did not require 
dialysis. The average number of dialyses per patient 
was 2.8 (range, 1 to 6). All patients in the pure pre- 
eclampsia group had acute tubular necrosis. The av- 
erage duration of oliguria-anuria was 8.2 days (range, 
3 to 20 days). 

Five patients (42%) in the chronic hypertension— 
renal disease group required dialysis during hospital- 
ization. One patient with glomerulosclerosis required 
dialysis antepartum before termination of pregnancy. 
This patient had bilateral cortical necrosis and died 3 
days after pregnancy termination. The second patient 
was seen with anuria, abruptio placentae, DIC, and fetal 
death at 28 weeks’ gestation. She had bilateral cortical 
necrosis, required dialysis 3 days post partum, and had 
anuria until discharge. The third patient had lupus 
nephritis that was complicated by severe preeclampsia 
at 32 weeks’ gestation. She required dialysis nine days 
post partum and had documented bilateral cortical ne- 
crosis on renal biopsy. She continued dialysis and sub- 
sequently died 5 months later from cerebral embolism. 
Autopsy findings revealed bilateral cortical necrosis. 
The other two patients with preexisting glomerulo- 
nephritis progressed to acute renal failure in the post- 
partum period. They required dialysis at 17 days and 
56 days post partum. Both patients required chronic 
dialysis during the follow-up period. One additional 
patient with preexisting glomerulonephritis had severe 
preeclampsia complicated by abruptio placentae and 
fetal death at 20 weeks’ gestation. She progressed to 
oliguria, had another admission 4 weeks later with hy- 
pertensive crisis, and renal insufficiency that eventually 
required dialysis 24% years later. One patient with 
biopsy-proved glomerulosclerosis had eclampsia and 
abruptio placentae at 31 weeks’ gestation. Progressive 
renal failure developed and she eventually required 
dialysis 6 months later. 
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Three patients with long-standing chronic hyperten- 
sion had four pregnancies that were complicated by 
acute tubular necrosis. All four pregnancies were as- 
sociated with severe preeclampsia, abruptio placentae, 
and fetal death. The average duration of oliguria in 
these four pregnancies was 7 days (range, 4 to 14 days). 
One of the three patients required dialysis 7 years later 
and eventually died 9% years after the acute episode. 

The remaining two patients had class F diabetes; both 
pregnancies. were complicated by severe preeclampsia 
at 30 to 32 weeks’ gestation. Both patients developed 
acute renal failure post partum. Both patients had ret- 
inal blindness and progressive renal insufficiency on 
follow-up, and both died from end-stage renal disease 
at 8⁄2 years and 7% years after the acute episode. 

All 28 surviving patients had follow-up data ranging 
from 3 months to 9.8 years. The average duration of 
follow-up in the pure preeclamptic group was 4.0 + 
3.1 years (range, 0.3 to 9.8 years), whereas it was 
3.9 + 3.0 years (range, 0.6 to 9.5 years) in the other 
group. In addition, there were no differences between 
the two groups with regard to mean maternal age at 
time of follow-up (27.7 + 7.2 vs. 31.4 + 6.8 years). 

Eight patients had subsequent deliveries: four in the 
pure preeclampsia group and four in the other group. 
The four patients in the pure preeclampsia group had 
seven pregnancies; one ended in miscarriage at 13 
weeks’ gestation, one was complicated by preeclampsia 
at 35 weeks, and five were term pregnancies without 
complications. The four patients in the other group 
had six pregnancies; two ended in miscarriages at 16 
weeks’ gestation, two were complicated by severe pre- 
eclampsia, abruptio placentae, and fetal death (one 
patient had acute tubular necrosis), and two full- 
term pregnancies were complicated by increased blood 
pressure. 

All 16 surviving patients in the pure preeclampsia 
group had normal blood pressure findings at time of 
follow-up. All had normal urine microscopy and none 
had proteinuria. All patients had normal renal function 
within 8 weeks of follow-up, and all had normal renal 
function on follow-up (Table IV). In contrast, nine of 
the 11 surviving patients in the chronic hypertension- 
renal disease group required chronic dialysis on follow- 
up and four of them ultimately died of end-stage renal 
disease. Seven of the nine patients in this group had 
abnormal renal function before pregnancy. The re- 
maining two patients had normal renal function on 
follow-up 2 years and 3 years later (serum creatinine 
levels of 1.2 and 0.9 mg/dl, creatinine clearance of 98 
and 115 ml/min, respectively). 


Comment 

Pregnancies complicated by severe preeclampsia- 
eclampsia are characterized by functional derangement 
of multiple organ systems, such as the cardiovascular, 
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renal, hepatic, hematologic, and central nervous sys- 


tems. In addition, these pregnancies are associated . 


with multiple complications including abruptio placen- 
tae, fetal death, DIC, HELLP syndrome, pulmonary 


edema, postpartum hemorrhage that requires massive - 


transfusions, and sepsis.* '-'? Consequently, the above 
changes predispose such patients to an increased risk 


of acute renal failure. However, acute renal failure is: - 


infrequently encountered in the well-managed cases of 
pure preeclampsia. This results from the fact that most 
patients are young and in good health in spite of the 
functional derangements. These compensatory mech- 
anisms vary considerably from patient to patient, de- 


pending on preexisting renal function and the number. ` 


and severity of the factors that might complicate the 
acute insult. ` 

The incidence of acute renal failure in this study is 
difficult to determine because most of these patients 
were referred from a large'area in which the actual 
number of hypertensive pregnancies is not available. 

The current series is largely selective (referral patients 
` from a population of 30,000 deliveries a year) and 11 


years were spent to generate the present data. Fur- >. 


thermore, only 14 of the 31 required dialysis; thus in 
over half the patients, renal failure was moderate and 
transient. However, the occurrence of 31 such cases 
emphasizes the seriousness of severe preeclampsia- 
eclampsia complicated by acute renal failure as a major 
cause of maternal mortality and morbidity. In addition, 
it underscores the importance of close observation of 
such patients with severe complications throughout la- 
bor, delivery, and post partum. Moreover, it emphasizes 
the need for referral of such patients to tertiary care 
centers with appropriate intensive care facilities. 
The majority of patients in this study had marked 


abnormalities of. the cardiovascular, hepatic, hemato- = 
logic, renal, and cerebral systems (Tables II and III). 
Twenty-four (77%) had DIC, 20 (65%) had HELLP ` 


syndrome, and 28 (90%) had hemorrhage. As a result, 
almost all patients required massive colloid and crys- 
talloid infusions to correct significant hypovolemia. In 
addition, 18 patients (60%) had pulmonary edema 
and 16 (52%) had sepsis. These findings tend to em- 
phasize the importance of these complications as an 


etiologic factor in acute renal failure. These factors are’ 
in agreement with the similar Png reported by | 


others.'® 


The differential diagnosis of paleni who are seen `.. 


with pure preeclampsia-eclampsia complicated by acute 


renal failure, HELLP syndrome, and DIC includés - l 


hemolytic uremic syndrome and thrombotic throm- 
bocytopenic purpura. The onset of acute renal failure 
in the pure preeclamptic group was at 1 to 5 days 
post partum and all patients had evidence of severe 
preeclampsia before delivery. In addition, all patients 
had normal renal function within 8 weeks of follow- 
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up. In contrast, in patients with hemolytic uremic syn- 

. drome, the manifestations may begin from 1 day to 
‘several weeks post partum, and the syndrome usually 
„develops after normotensive’ pregnancies. Recovery of 
renal function.is usually incomplete. 


Patients with thrombocytopenic purpura have he- 
molysis with thrombocytopenia in the absence of DIC 
‘(coagulation studies are usually within the normal 
range). The syndrome is associated with high mortality 


"(50% to 60%). Management of this syndrome consists 


of plasmapheresis in association with antiplatelet ther- 
apy. None of the patients in this report had plasma- 


` -pheresis or antiplatelet therapy. 


” The findings of this study indicate that these preg- 
nancies are associated with high maternal and perinatal 


- morbidity and mortality. Three patients (10%) died im- 
‘mediately; however, the two patients in the pure pre- 


eclampsia group died from complications that were un- 


` related to acute renal failure. All patients in the pure 


preeclampsia group had acute tubular necrosis and 
50% of them required dialysis during the acute episode. 


_It is important to note that all patients in this group 


had normal renal function within 6 weeks after the 


“acute episode. Conversely, three of the 12 patients in 
‘the chronic hypertension-renal disease group had bi- 


lateral cortical necrosis and five patients (42%) re- 
quired dialysis during the acute episode. These find- 


“ings are in agreement with those reported by other 


authors.'* 

Abruptio placentae complicated by fetal death, DIC, 
and postpartum hemorrhage was responsible for sev- 
eral cases of acute tubular necrosis and bilateral cortical 


_ necrosis reported in the literature. Smith et al.” re- 


ported on 29 patients whose pregnancies were com- 
plicated by acute renal failure that required dialysis 
during the third trimester. Eighteen patients had com- , 
plications of hypertensive disorders of pregnancy; 10 
were associated with abruptio placentae. In addition, 
six of the other 11 patients’ pregnancies were compli- 
cated by abruptio placentae. Thirteen patients (45%) 
died from irreversible renal damage; eight of the 11 


- deaths were a result of bilateral cortical necrosis. Ken- 


nedy et al.’ described 62 patients with acute renal fail- 
ure related to pregnancy. Twenty cases were associated 


_ with preeclampsia-eclampsia, and nine of the 20 preg- 


nancies were complicated by abruptio placentae. Seven 


- cases (35%) in this group resulted in maternal deaths. 


In addition, seven of the remaining 42 patients had 
abruptio placentae that resulted in. two maternal 
deaths. . 

Sixteen-patients (52%) in this study had abruptio pla- 


_ centae; all cases were associated with disseminated in- 


travascular coagulopathy and 11 were complicated by 
perinatal deaths. This finding underscores the impor- 
tance of abruptio placentae and significant bleeding in 
the etiology of acute renal failure in this group of pa- 
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tients. Five patients in this group required acute dialysis 
and four patients required chronic dialysis. This com- 
plication underscores the need for aggressive blood re- 
placement in the management of such patients. 

There are few case reports that describe the long- 
term prognosis after acute renal failure during preg- 
nancy. Briggs et al.” studied 50 patients with acute 
tubular necrosis as a result of various causes for an 
average of 37 months. Nine of these patients had acute 
tubular necrosis caused by preeclampsia and abruptio 
placentae. They reported that the patients with pre- 
eclampsia had higher incidences of hypertension, pro- 
teinuria, and reduced kidney size compared with those 
patients with acute tubular necrosis in the other group. 
In addition, they found that reduced glomerular fil- 
tration rate was present in 71% of the cases. Riff et al.° 
described one patient whose pregnancy was compli- 
cated by severe preeclampsia, abruptio placentae, fetal 
death, and renocortical necrosis. At 4 months of follow- 
up the patient had a severely compromised renal func- 
tion with a creatinine clearance of 8 ml/min. 

All surviving patients with pure preeclampsia in this 
study had reversible acute tubular necrosis with full 
recovery. The patients were followed up for an average 
of 4 years; none had any evidence of residual renal 
damage. However, tests of concentration and dilution 
were not performed in this study. Thus, more sophis- 
ticated testing may have revealed small deficits in these 
tests. Four patients had seven subsequent pregnancies 
with good outcome. This finding disagrees with the 
conclusion of Briggs et al.'!° This difference may be 
related to differences in populations studied because 
Briggs et al. included a select group of patients who 
were admitted to the artificial kidney unit for dialysis. 
Thus all their patients had severe renal failure. In con- 
trast, only nine of the 18 patients in the pure preclamp- 
sia group studied in this report required dialysis. In 
addition, the patients studied by Briggs et al. included 
patients with various causes of hypertensive disorders 
of pregnancy. Hence it is conceivable that some of their 
patients had underlying renal disease before preg- 
nancy. 

In this group with chronic hypertension-renal dis- 
ease, one patient with glomerulosclerosis had malignant 
hypertension early in pregnancy that led to acute tu- 
bular necrosis at 15 weeks’ gestation with eventual ma- 
ternal death from renal failure 3 days after termination 
of pregnancy. One other patient with lupus nephritis 
had superimposed preeclampsia at 32 weeks that led 
to acute cortical necrosis with eventual maternal death 
‘from cerebral embolism (during dialysis) 5 months 
post partum. Pregnancy was definitely responsible for 
the acute deterioration in renal function with ultimate 
renal failure in both of these cases. An additional pa- 
tient with severe hypertension had superimposed pre- 
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eclampsia complicated by abruptio placentae, DIC, and 
fetal death in three consecutive pregnancies (two of the 
pregnancies were complicated by acute tubular necro- 
sis). Her subsequent course was complicated by gradual 
deterioration in renal function that led to dialysis 6 
years after the second episode of acute tubular necrosis 
and eventual death 3'% years after the onset of dialysis. 
These acute insults from obstetric complications were 
definite factors in the long-term outcome in this patient. 

Two patients with class F diabetes had superimposed 
preeclampsia and ultimately died from renal failure 7% 
years and 8% years after delivery. Both patients dem- 
onstrated gradual deterioration in renal function that 
may represent the natural history of the disease pro- 
cess. Four patients with glomerular renal disease had 
significant deterioration in renal function during preg- 
nancy and the immediate postpartum period. Two re- 
quired dialysis within 8 weeks post partum, one at 6 
months and the other at 2% years after delivery. Ob- 
stetric complications might have influenced the course 
of renal disease in at least two of the cases. 

The remaining three patients had long-standing 
chronic hypertension with normal renal function be- 
fore pregnancy. All three patients had pregnancies 
complicated by abruptio placentae, DIC, and fetal 
death (one pregnancy was complicated by acute cortical 
necrosis). Thus in one of these patients, the obstetric 
complications were responsible for her ultimate renal 
failure. 

In summary, acute renal failure is infrequent in 
the well-managed patient with severe preeclampsia- 
eclampsia without associated medical, surgical, and ob- 
stetric complications: The occurrence of acute renal 
failure in such patients is associated with high maternal 
and perinatal mortality and morbidity. Early identifi- 
cation and proper management of acute renal failure 
in patients with pure preeclampsia-eclampsia does not 
result in residual renal damage. 
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A longitudinal study of maternal digoxin-like immunoreactive 
substances in normotensive pregnancy and 


pregnancy-induced hypertension 
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The serum of women in the third trimester of pregnancy demonstrates cross-reactivity with some 
commercially available antibodies to digoxin. A number of studies have suggested that levels of this 
digoxin-like immunoreactive substance(s) are further increased in patients with pregnancy-induced 
hypertension, and some have proposed that the digoxin-like immunoreactive substance could be useful as 
a predicitor of pregnancy-induced hypertension. We measured digoxin-like immunoreactive substance 
levels every 2 weeks throughout the third trimester in 170 women; of these, 20 developed hypertension. 
Digoxin-like immunoreactive substance levels rose with gestational age. A graph of the slope of 
digoxin-like immunoreactive substance plotted against gestational age was fitted for the results obtained 
from each woman. There was no significant difference in the mean rate of increase of digoxin-like 
immunoreactive substance level per week between pregnancy-induced hypertension and normotensive _ 
pregnancy, nor was there any difference between these two groups at any gestational age studied. These 
results suggest that measuring digoxin-like immunoreactive substance levels is not useful as a predictor of 
pregnancy-induced hypertension. (AM J Osstet GYNECOL 1990;162:783-7.) 


Key words: Digoxin-like immunoreactive substance, pregnancy, pregnancy-induced 


hypertension, gestational age 


Serum samples of normotensive women in the third 
trimester often give “false positive” results in the ra- 
dioimmunoassay for digoxin,'* although the value of 
this apparent digoxin-like immunoreactivity depends 
to some extent on the antibody used in the assay.” The 
concentration of the digoxin-like immunoreactive sub- 
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stance(s) increases with gestational age*’ and probably 
results mainly from high concentrations of cortisol, 


_ progesterone, and dehydroepiandrosterone sulfate,* 


which cross-react nonspecifically with the digoxin an- 
tibody. One group has suggested that the digoxin-like 
immunoreactive substance level is no different in pa- 
tients with pregnancy-induced hypertension,’ * but 
others,’ ê% '° including a recent study from our labo- 
ratory, have found the digoxin-like immunoreactive 
substance level to be higher in pregnancy-induced hy- 
pertension than in normotensive pregnancy. 

Which substance(s) leads to these higher values is not 
known, but recent evidence suggests that the raised 
digoxin-like immunoreactive substance level may be 
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Table I. Patient characteristics 


Women with 





Normotensive pregnancy-induced 
pregnant women hypertension 
(n = 80) (n = 20) 

Race . 

White 56 12 

Afro-Caribbean 19 ; 7 

Asian 4 i 1 

Mediterranean 1 0 
Age (yr) . 

Mean 27.6 30.5 

+ SD 4.8 71 
Gravidity 

Primagravida 30 

Multigravida 50 I] 
Proteinuria 1 1 


associated with the presence of a compound with 
bona fide digoxin-like characteristics,*''” including so- 
dium transport inhibitory activity.” In this context 
pregnancy-induced hypertension may be analogous to 
essential hypertension, in which a sodium transport in- 
hibitor has been implicated in the development of 
increased vascular tone.'* " The experiments suggest- 
ing the presence of a sodium transport inhibitor in 
pregnancy-induced hypertension include a sequential 
study of intracellular sodium content in women with 
pregnancy-induced hypertension," in whom leukocyte 
and erythrocyte sodium levels increased with gesta- 
tional age and returned to normal post partum. More 
directly, Goodlin'* demonstrated a profound fall in 
blood pressure in a woman with pregnancy-induced 
hypertension immediately after an infusion of antidi- 
goxin antibody. In a recent study,° we found that serum 
from women with pregnancy-induced hypertension 
and without proteinuria inhibits active sodium trans- 
port in leukocytes from normal subjects. 

To date, all studies of digoxin-like immunoreac- 
tive substance in hypertension associated with preg- 
nancy have measured levels after the onset of hyper- 
tension,' ***'° and none has followed a population of 
pregnant women throughout the third trimester. It 
is therefore not known whether the rate of rise of 
digoxin-like immunoreactive substance level is greater 
in pregnancy-induced hypertension than in normal 
pregnancy or whether the level rises before the blood 
pressure. If so, the level of digoxin-like immunoreac- 


tive substance may be a useful clinical predictor of . 


pregnancy-induced hypertension. 

We have measured digoxin-like immunoreactive sub- 
stance levels sequentially from week 24 of gestation to 
delivery in a population of 170 pregnant women, 20 of 
whom developed hypertension during the study. 


Material and methods 


Study design. Over a period of 1 year, women 
booked for antenatal care at St. Thomas’ Hospital were 
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enrolled in the study at 16 weeks of gestation. The 
patients were also partaking in another study of women 
at risk of developing an abnormal pregnancy based on 
previous obstetric history. None of the women were 
receiving any medication nor did the protocol include 
any interventionary procedure. The patients included 
seven women who had previously had pregnancy- 
induced hypertension. None of the women had a his- 
tory of chronic hypertension. Of the total population 
of 170 pregnant women, 20 developed hypertension 
during pregnancy and 70 developed other complica- 
tions. Thesé included premature labor in 15 (<37 com- 
pleted weeks), 16 with antepartum hemorrhage, 16 
who had small for gestational age fetuses, and 4 who 
were diabetic; the remainder were classified as abnor- 
mal because the mode of delivery was by cesarean sec- 
tion or forceps delivery for fetal distress. Eighty women 
had uneventful pregnancies, defined as spontaneous 
vaginal delivery of a baby weighing more than 2.5 kg 
after a pregnancy of more than 38.0 weeks. 

Patients were seen every 2 weeks from week 24 of 
gestation (verified by an ultrasound scan at 16 weeks 
of gestation) to delivery. Blood pressure was measured 
in the sitting position. Pregnancy-induced hypertension 
was assessed as any blood pressure over 140/90 
mim Hg measured on 2 days, with a rise of more than 
20 mm Hg in the diastolic blood pressure from the time 
of enrollment (16 weeks). None of the patients was 
hypertensive at the time of enrollment. Preeclampsia 
was defined as pregnancy-induced hypertension with - 
significant proteinuria (>1 gm/24 hr). 

Blood samples were obtained by venipuncture, trans- 
ferred into glass tubes, and stored on ice until centrif- 
ugation. Serum was then aspirated and snap-frozen 
over dry ice. The time from venipuncture to serum 
freezing was less than 1 hour. Serum was stored at 
— 80° C until assayed. 

Digoxin-like immunoreactive substance. Digoxin- 
like immunoreactive substance levels were measured 
by a commercially available digoxin radioimmunoassay 
kit (RIANEN; New England Nuclear). All.samples . 
from one patient were measured in the same assay run 
and the assay was carried out in duplicate. The limit 
of detection: of this assay in our laboratory was 0.06 
nmol/L (>2 SD of the mean of the zero values). The 
interassay coefficient of variation was 9.5%. 

Statistical analysis. The mean and 95% confidence 
intervals were calculated for digoxin-like immunoreac- 
tive substance in both groups at each gestational age. 
Regression analysis was used to fit a slope for the. 
change in each woman’s antenatal digoxin-like immu- 
noreactive substance level. The mean of the slopes was 
compared using an unpaired ¢ test. Relationships be- 
tween data were analyzed by the Spearman rank cor- 
relation method for nonparametric data. Data were an- 


alyzed using the GLIM statistical package. Comparisons 
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Fig. 1. Mean and 95% confidence interval for levels of digoxin-like immunoreactive substance (DLIS) 
in normotensive women (NTP) and women who developed pregnancy-induced hypertension (PIH). 


Table II. Mean and 95% confidence interval for endogenous digoxin-like immunoreactive substance levels 
in normotensive women and women who developed pregnancy-induced hypertension 




















Weeks of 
gestation 


Mean 
(ng/ml) 


95% CI 
(ng/ml) 










Blood pressure 
(systolic/ diastolic) 
(mm Hg + SEM) 


Women with pregnancy-induced hypertension 






Blood pressure 
(systolic/ diastolic) 
(mm Hg + SEM) 










Mean 
(ng/ml) 


95% CI 
(ng/ml) 





24-25 57 0.03 0.01-0.05 115 + 1.4 15 0.02 0.00-0.04 120 + 3.7 
70 + 1.3 75 + 3.5 
26-27 38 0.03 0.01-0.04 135 + 20.0 12 0.04 0.00-0.06 129 + 4.1 
68 + 1.9 80 + 3.5 
28-29 69 ` 0.04 0.02-0.05 125 + 12.0 16 0.04 0.01-0.06 121 + 3.1 
71+ 1.5 78 + 2.1 
30-31 57 0.06 0.04-0.07 113 + 1.5 14 0.05 0.05-0.08 128 + 3.4 
: 68 + 1.3 80 + 3.2 
32-33 67 0.10 0.08-0.12 116 + 1.3 15 0.10 0.06-0.14 125 + 3.4 
70 + 1.6 83 + 3.1 
34-35 66 0.15 0.12-0.17 115 + 1.6 16 0.11 0.08-0.15 127 + 3.3 
72+ 18 84 + 2.7 
36-37 63 0.16 0.14-0.19 115 + 1.4 13 0.16 0.11-0.22 137 + 4.8 
72+ 1.0 89 + 3.5 
38-39 49 0.19 0.17-0.22: 114 + 10.0 5 0.15 0.11-0.19 132 + 4.9 
75+ 1.7 9] + 4.0 
40-41 12 0.23 0.17-0.30 lll + 2.6 4 0.17 0.11-0.24 133 + 14.5 
76 + 3.4 93 + 6.3 





were made between the 20 hypertensive subjects and 
the 80 women who had uneventful pregnancies. 


Results 


There were no significant differences in age or parity 
between the two groups of women as determined by 
Student’s é test (Table I). 

Table II lists the mean and 95% confidence inter- 
val of the mean digoxin-like immunoreactive sub- 
stance level at each gestational age; Fig. 1 does the 
same for both the normal group and the group with 
pregnancy-induced hypertension. There was no sig- 
nificant difference in digoxin-like immunoreactive sub- 


stance levels between the normal group and the group 
with pregnancy-induced hypertension at any gesta- 
tional age studied. Removing the gestational age effect 
for each woman from the regression model significantly 
increased the residual sum of squares (p < 0.05); in 
other words, the digoxin-like immunoreactive sub- 
stance level increased with gestational age in individual 
women. Therefore, fitting a common slope for each 
group would have been inappropriate and would have 
resulted in a loss of precision. The mean (+ SEM) slope 
in the women with pregnancy-induced hypertension 
(0.015 + 0.003; n = 20) was higher than in the normal 
group (0.013 + 0.0008; n = 80; = 0.53), but this dif- 
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Fig. 2. Sequential digoxin-like immunoreactive substance (DLIS) levels in the 20 women who de- 


veloped pregnancy-induced hypertension (PIH). 
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Fig. 3. Relationship between digoxin-like immunoreactive sub- 
stance (DLIS) levels and diastolic blood pressure in 19 women 
who developed hypertension during pregnancy (all data 
points, 24 weeks to term). 


ference was not significantly different. One woman in 
the pregnancy-induced hypertension group developed 
liver failure and had very high digoxin-like immuno- 
reactive substance values (Fig. 2), probably due to the 
presence of bile acids.” 

There was no significant relationship between the 
digoxin-like immunoreactive substance level and dia- 
stolic blood pressure in the women who developed 


pregnancy-induced hypertension when all values of _ 
blood pressure and the corresponding values for 
digoxin-like immunoreactive substance (24 weeks to 
term) were considered (Fig. 3). Again, slopes were cal- 
culated for each woman and the mean of the slopes 
(r = 0.33, n = 19) did not represent a statistically sig- 
nificant correlation between endogenous digoxin-like 
immunoreactive substance and blood pressure. The 
woman with liver failure was excluded from this 
analysis. 


Comment 


This study confirms previous work'* and a recent 
report from our.laboratory® that digoxin-like immu- 
noreactive substance is measurable in the serum of nor- 
motensive women in the third trimester and rises with 
gestational age.*’ 

The digoxin-like immunoreactive substance level 
did not differ significantly between the women with 
pregnancy-induced hypertension and the normal 
women at any gestational age. This finding is in agree- 
ment with some work,® but contrasts with a recent re- 
port from this laboratory, in which digoxin-like im- 
munoreactive substance was measured in a total of 77 
selected women with established pregnancy-induced 
hypertension. In that investigation the digoxin-like im- 
munoreactive substance level was significantly greater 
in pregnancy-induced hypertension compared with 
normotensive pregnancy during the early to mid third 
trimester (28 to 30, 31 to 32, and 33 to 34 weeks) and 
was absent in nonpregnant subjects. In the present 
study, although the two groups did not differ signifi- 
cantly, some of the hypertensive women did have con- 
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sistently high digoxin-like immunoreactive substance 
levels (Fig. 2). The difference between the studies may 
lie in the numbers of women investigated, and further 
studies with more pregnant women may identify a 
subgroup of patients with pregnancy-induced hyper- 
tension in whom digoxin-like immunoreactive sub- 
stance may be of etiologic interest. It is of interest that 
in the previous study proportionately more women had 
significant proteinuria, because they were studied on 
the basis of having established pregnancy-induced hy- 
pertension and had not been investigated throughout 
pregnancy. However, there was no significant differ- 
ence in that study between digoxin-like immunoreac- 
tive substance levels in patients with or without pro- 
teinuria. i 

The aim of this investigation was not only to 
determine whether digoxin-like immunoreactive sub- 
stance levels differed between pregnancy-induced 
hypertension and normotensive pregnancy, but also 
to explore the possibility that the rate of increase 
of digoxin-like immunoreactive substance level was 
greater in pregnancy-induced hypertension and could 
therefore be of clinical use. This hope proved un- 
founded. Although the mean slopes of the pregnancy- 
induced hypertension group were numerically higher 
than that of the normotensive pregnant women, this 
difference was not significant. 

The lack of correlation between the diastolic blood 
pressure and the level of digoxin-like immunoreactive 
substance in the hypertensive subjects ‘suggest that 
digoxin-like immunoreactive substance is not necessar- 
ily associated with, or a determinant of, blood pressure 
in pregnancy-induced hypertension. 

For a test to be useful clinically, it must discriminate 
between two clinical situations with a high degree of 
accuracy and sensitivity. It is clear from this study that 
the ability of the test to predict the digoxin-like im- 
munoreactive substance level is insufficient to form the 
basis of clinical decisions. We must conclude, therefore, 
that an abnormally high digoxin-like immunoreactive 
substance level in pregnancy or a steep rise in digoxin- 
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like immunoreactive substance level is not a useful pre- 
dictor of pregnancy-induced hypertension. 
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The use of nifedipine during the postpartum period in patients : 


with severe preeclampsia 


John R. Barton, MD, Adam K. Hiett, MD, and Wayne B. Conover, MD 


Lexington, Kentucky 


Nifedipine is a calcium channel blocker. that reduces blood pressure and increases renal blood flow. This 
double-blind investigation evaluated the effect of nifedipine in postpartum patients with severe 
preeclampsia. Thirty-one patients were randomized to receive either nifedipine (10 mg) or placebo every 

4 hours beginning immediately after delivery. Data analysis revealed a significantly higher urine output in 
the nifedipine group during the first 24 hours after delivery (8834 versus 2057 ml; p < 0.05). A significant 
reduction in mean arterial pressure was also noted in the nifedipine group between 18 and 24 hours 
postpartum (93.9 versus 100.2 mm Hg; p < 0.05). There were no significant differences in the systolic or 
diastolic blood pressures, pulse, laboratory study results, or the need to administer hydralazine to control 
_blood pressure. Nifedipine appears to have a beneficial effect on urinary output and mean arterial pressure 
during the first 24 hours post partum in patients with severe preeclampsia. (AM J OBSTET GYNECOL 


1990;162:788-92.) 


Key words: Pregnancy, preeclampsia, nifedipine 


Preeclampsia, a complication that occurs in approx- 
imately 7% of all pregnancies, is associated with hy- 


pertension and oliguria. In most patients the hyper- 


„tension ‘appears to be secondary to generalized vaso- 
spasm, with oliguria resulting from an associated 
decrease in renal perfusion.’ The standard treatment 
for severe hypertension secondary to preeclampsia is 
the intravenous administration of hydralazine. Oliguria 
is usually managed expectantly with careful attention 
to fluid status through the use of central venous and 
pulmonary artery catheters. 

During the past several years, many new antihyper- 


tensive agents have become available. One such agent, - 


the calcium channel blocker nifedipine, not only 
promptly and effectively resolves elevated blood pres- 
sure but also selectively increases renal perfusion.” This 
investigation was designed to evaluate the efficacy of 
nifedipine in controlling hypertension and improving 
urine output in postpartum patients with severe pre- 
eclampsia. 


Material and methods 


For 1 year beginning May 1, 1988, all women with 
an antepartum diagnosis of severe preeclampsia were 
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invited to participate in the study. Severe preeclampsia 
was diagnosed based on the criteria in Table I. Asso- 
ciated abnormalities such as decreased sensorium, 
visual disturbances, persistent severe headaches, myo- 
cardial ischemia, upper abdominal pain, hemolysis, dif- 
fuse intravascular coagulation, intrauterine growth re- 
tardation, and fetal distress were recorded but were not 
used as diagnostic criteria. Patients were excluded from 
participation if their medical history revealed an ad- 
verse reaction to calcium channel blockers, if they had 
used a calcium channel blocking agent during the 
course of the current pregnanicy, or if they required 
supplemental therapy with antihypertensive agents 
other than hydralazine. 

After giving informed consent, the women were ran- 
domized into two groups by sequential assignment 
from sealed envelopes based ona table of random num- 
bers. Group I patients (the study group) received 10 


“mg of nifedipine orally every 4 hours for 48 hours 


beginning immediately after delivery. Group 2 patients 
(the control group) received a placebo according to the 
same dosing protocol. Both the nifedipine and placebo 
were packaged in identical capsules so that neither the 
patient nor her physicians were aware of the group 
designation. The medication dose was withheld if the 
patient’s blood pressure was <120 mm Hg systolic and 
<70 mm Hg diastolic and was administered at the next 
hourly blood pressure check that demonstrated a blood 
pressure above one of these values. 

Both groups.received standard therapy for hyper- 
tension in patients with preeclampsia. This regimen 
consisted of a 10 mg dose of intravenous hydralazine 
given for any blood pressure exceeding 160 mm Hg 
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Table I. Criteria for the diagnosis of 
severe preeclampsia 





1. Systolic blood pressure >180 mm Hg or diastolic 
blood pressure >120 mm Hg on one occasion; or 
2. Systolic blood pressure between 160 and 180 mm Hg 

or diastolic blood pressure between 110 and 120 

mm Hg that persists more than 2 hours despite bed 

rest; or 

3. Systolic blood pressure >140 mm Hg or diastolic 
blood pressure >90 mm Hg on two occasions more 
than 6 hours apart despite bed rest plus one of the 
following: 

a. Proteinuria >5 gm in 24 hr or 23+ on a urine 
dipstick measured on two occasions at least 2 
hours apart in a patient with no previous history 
of renal disease 

b. Urine output <500 ml in 24 hr or <80 ml in any 
4-hour period despite a 250 ml fluid challenge 

c. Pulmonary edema without evidence of fluid _ 

overload 
. Alanine aminotransferase >100 IU/L 
. Platelet count <75,000 cells/mm? 
Seizure with no prior history of a seizure disorder 


mon 








systolic or 110 mm Hg diastolic. This dose was re- 
peated every 20 minutes until the blood pressure was 
=150/100 mm Hg. Patients not responding to three 
doses of hydralazine were started on an infusion of 
nitroprusside and excluded from the study. 

All patients remained in the labor and delivery ward 
for the first 48 hours post partum. During that time, 
blood pressure and pulse were recorded every hour by 
automated monitors. A urinary catheter was placed in 
all patients and output, protein, and specific gravity 
were recorded hourly. Twenty-four—hour urine col- 
lections for protein and creatinine determinations were 
submitted at 24 and 48 hours after delivery. Complete 
blood counts and alanine aminotransferase, blood urea 
nitrogen, creatinine, uric acid, electrolyte, and serum 
magnesium levels were measured at delivery and again 
every 6 hours for the first 48 hours post partum. Cen- 
tral lines, arterial lines, and cardiac monitors were used 


as dictated by the patient’s condition. All patients re- - 


ceived a continuous infusion of magnesium sulfate at 
a dose required to maintain a serum level between 5 
and 7 mg/dl. A balanced salt solution was used for all 
intravenous infusions, with a second source adjusted to 
maintain a total fluid load from all sources at 100 
ml/hr. Oral intake was not permitted during the study. 
At the end of 48 hours, all patients were discharged 
from the study and managed individually. 

Data are expressed as a percentage or mean + SEM 
and were tested for significance by chi-square analysis 
or analysis of variance, respectively. Probability values 
less than 0.05 were considered significant. The data 
were analyzed with a null hypothesis that both groups 
represented samples from a single population. Statis- 
tical analysis was by Statgraphics (Statistical Graphics 
Corp., Rockville, Md.). This protocol was formally ap- 
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Table II. Demographic variables 





‘ Placebo Nifedipine 
Characteristic (n = 15) (n = 16) p Value 
Maternal age 26.3 24.0 NS 
Gestational age 30.3 32.9 NS 
Gravidity 1.5 2.1 NS 
Vaginal delivery 8 9 NS 
Cesarean section 7 7 NS 


proved by the Medical Institution Review Board of the 
University of Kentucky. 


Results 


A total of 31 patients participated in the study. Six- 
teen patients were randomized to the nifedipine group 
and 15 to the control group. The two groups did not 
differ with respect to maternal age, gestational age, 
gravidity, or method of delivery (Table II). 

There were no significant differences between the 
two groups in systolic blood pressure, diastolic blood 
pressure, or pulse (Fig. 1). However, during the 18- to 
24-hour interval after delivery, the mean arterial 
pressure was significantly lower in the study group 
(93.9 + 1.6 mm Hg) compared with the control group 
(100.2 + 2.6 mm Hg) (Fig. 2). In both groups an av- 
erage of 1.4 doses of medication (placebo or nifedipine) 
was withheld due to hypotension. There were no sig- 
nificant differences between the two groups in the num- 
ber of hydralazine doses required and no patients re- 
quired nitroprusside therapy. 

Urinary output increased significantly during the ini- 
tial 24-hour postpartum period in women receiving ni- 
fedipine (3834 + 440 versus 2057 + 454 ml). When 
analyzed in 6-hour intervals, the nifedipine group had 


- significantly higher urine outputs between 18 to 24 and 


24 to 30 hours post partum (Fig. 3). Urinary specific 
gravity was significantly decreased in the nifedipine 
group during the same intervals. Urinary protein ex- 
cretion and creatinine clearance did not differ signifi- 
cantly between the two groups. 

There were no differences between the two groups 
in hematocrit, platelet count, or alanine aminotrans- 
ferase, blood urea nitrogen, serum creatinine, serum 
electrolyte, or uric acid levels. 


Comment 

Nifedipine, a dihydropyridine derivative, is a calcium 
channel blocker with potent peripheral arterial vaso- 
dilator properties.* This drug has been used in the suc- 
cessful treatment of hypertension since 1976.** Exten- 
sive reviews’* indicate that nifedipine is associated with 


.a 25% reduction in systolic blood pressure, diastolic 


blood pressure, and mean arterial pressure in 98% of 
cases. 
Nifedipine has also been reported to improve renal 
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Fig. 1. Systolic and diastolic blood pressures. Each point reflects mean of previous 6 hours. 
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Fig. 2. Mean arterial pressure. Each point reflects mean + SEM of previous 6 hours. Asterisk, p < 0.05. 


function in some patients by decreasing renal vascular 
-resistance and increasing renal blood flow.” Evidence 
also exists that nifedipine increases urine production 
by a natriuretic effect at the level of the proximal 
tubule." 

In Great Britain, Walters and Redman"! used nifed- 
ipine to treat 21 pregnant women diagnosed as having 
severe preeclampsia. They reported excellent resolu- 
tion of hypertension without any adverse maternal or 


fetal effects. Allen et al.!'? studied the effect of another 
member of the dihydropyridine group, nitrendipine, 
on 10 women with pregnancy-induced hypertension 
between 32 and 42 weeks’ gestation. They also noted 
reductions in mean, systolic, and diastolic blood pres- 
sures without significant maternal or fetal complica- 
tions. . 

We restricted the present study to postpartum pa- 
tients because of the potential for significant hypoten- 
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Fig. 3. Urinary output at 6-hour intervals, Asterisk, p < 0.05. 


sion and decreased uterine perfusion after nifedipine 


administration. Although patients receiving a sched- 
uled dose of nifedipine experienced a decrease iri mean 


absence of these previously reported side effects may 
have been due, in part, to the oral mode of adminis- 


tration rather than the more potent sublingual route. - 


Further evidence against nifedipine-induced hypoten- 


sion was the lack of a significant difference in maternal oe 


heart rate between the two’ groups. 


The oliguria associated with preeclampsia is gener-. ` 


ally considered a consequence of a generalized vaso- 
spasm. Vasoconstriction of the renal vasculature de- 
creases renal blood flow, glomerular filtration, and 
urine output.! The arterial vasodilator effect of nifedi- 
pine selectively decreases renal vascular resistance.’ 


This action may partially explain the significant in- ` l 
crease in urine output in our study group during the > 
first 24 hours after delivery. A second explanation for. 


the increased urine output may have been the natri- 
uretic effect of nifedipine noted-above. That creatinine 


clearance was unaltered in the study group is consistent . 


with this latter mechanism. f l 


Diuresis is often used as a clinical indicator of im- 


provement in postpartum patients with preeclampsia. 
Although nifedipine increases urine output, this drug- 
induced diuresis should not bé considered an indication 
of a resolving clinical condition. For that reason, both 
groups of patients were hospitalized fora similar time 
despite what appeared to be a-more rapid recovery in 
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“the nifedipine group. Although its use did not reduce 


: the hospital course, the nifedipine-induced diuresis sig- 


. nificantly simplified fluid management. 
arterial pressure, no significant hypotension, was ob- an 
served. In addition, no patient reported any significant . 
dizziness or postural hypotension during therapy. The. - 


“In summary, our results suggest that nifedipine may 


"be efficacious in treating hypertension associated with 


Severe preeclampsia in the postpartum period. Fur- 


_ thermore, nifedipine appears to have'a beneficial effect 
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Bacteriuria in the puerperium 


Risk factors, screening procedures, and treatment programs 


Babill Stray-Pedersen, MD, Merete Blakstad, MD," and Tom Bergan, MD” 


Oslo, Norway 


Screening for bacteriuria by culture of voided midstream urine was done in 6803 puerperal women; 
significant growth was found in 8.1%. The urine was recollected by suprapubic aspiration and bacteriuria . 
was confirmed in 52%, corresponding to an incidence of bladder bacteriuria of 3.7%. A history of past 
urinary tract infection, bacteriuria in pregnancy, operative delivery, epidural anesthesia, and bladder 
catheterization increased the risk of postpartum urinary tract infection. Only 21% of the women complained 
of dysuria; this symptom occurred significantly more often after operative delivery and in patients with 
previous urinary tract infection. Two hundred fifty-one women with bladder bacteriuria were subjected to 
different treatments by randomized allocation: 153 patients with amoxiciilin-susceptible bacterias were 
selected for amoxicillin treatment of 1, 3, and 10 days’ duration. The cure rates were 84%, 94%, and 98%, 
respectively; the single-dose therapy was significantly less effective than 10 days’ treatment (p < 0.05). 
Forty-six women with amoxicillin-resistant bacterial infections received cephalexin or nitrofurantoin therapy 
of 7 days’ duration; the cure rate was 91%. Fifty-two women served as control subjects and received no 
treatment. Ten weeks later 27% still had persistent bacteriuria in their suprapubic aspiration control 
specimens. All therapeutic regimens except the single-dose method showed a cure rate that was 
significantly higher than the spontaneous cure rate (p < 0.05). Multiparity seemed to be a predisposing 
factor for persistence of bacteriuria. The study indicates that puerperal patients with positive midstream 
urine specimens should not be automatically treated, but more thoroughly examined. In cases of confirmed 
bladder bacteriuria, treatment should be recommended; 3 days’ therapy appears to be sufficient. (Am J 


Osstet GyNecoL 1990;162:792-7.) 


Key words: Puerperium, bacteriuria, risk factors, treatment 


Urinary tract infection occurs commonly during the 
postpartum period and is a frequent cause of puerperal 

` morbidity.' Because dysuria and other characteristic 
symptoms of urinary tract infection are often lacking 
in puerperal women, postpartum screening for bacte- 
riuria is routinely performed in many hospitals and the 
diagnosis is assessed by cultivation of midstream urine 
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specimen. Puerperal discharge may, however, be a 
source of contamination of the mistream urine samples, 
causing a high number of false-positive urine speci- 
mens.” This would strengthen the necessity of correct 
diagnosis. Because many antimicrobial drugs are ex- 
creted into breast milk,’ it is important that they be 
given only when necessary and that the duration of 
treatment be kept as short as possible. In cases of un- 
complicated urinary tract infection in nonpregnant 
women, a short course treatment (3 days) with in- 
creased dosage appears to be as efficient and safe as 
conventional treatment lasting for 1 to 2 weeks.** Ad- 
ditional benefits of short therapy are better patient - 
compliance, lower costs, and increased drug tolerance. 





Volume 162 
Number 3 


Puerperal bacteriuria 793 


Table I. Characteristics of puerperal women with and without bladder bacteriuria 








Patients with bladder bacteriuria 


Patients with 








Asymptomatic 


No. of patients 199 (100%) 





Symptomatic 


normal urine 
Specimens 





52 (100%) 251 (100%) 6552 (100%) 
25 (48%) 86 (34%)+ 529 (8%) 

5 (10%) 26 (10%)t 273 (4%) 
13 (25%) 97 (39%)+ 4794 (72%) 
39 (75%) 154 (61%) 1758 (25%) 
16 (31%) 67 (27%)+ 885 (13%) 
16 (31%) 59 (23%)t 506 (7%) 

7 (13%) 28 (11%)* 367 (5%) 
17 (33%) 84 (33%)* 1251 (18%) 
28 (54%) 146 (58%)t 1323 (19%) 
21 97 1143 

7 49+ 180 





History of past urinary 61 (31%)* 
tract infection 
Bacteriuria in pregnancy 21 (11%) 
Normal deliveries 84 (42%) 
Operative deliveries 115 (58%)* 
Cesarean section 51 (26%) 
Forceps delivery 43 (22%) 
Vacuum extraction 21 (11%) 
Epidural anesthesia 67 (34%) 
Total catheterization 118 (59%) 
Operative deliveries 76 
Normal deliveries 42 
h < 0.05. 
tp < 0.0001. 


This investigation is one of the first controlled short- 
course treatment trials of urinary tract infection during 
the postpartum period. The aims of the study were to 
evaluate the predictive value of different methods of 
urinary sampling in puerperal screening and to deter- 
mine the incidence and risk factors of bladder bacte- 
riuria in women who have recently been delivered. Fur- 
thermore, we wanted to broach the controversial sub- 
ject of whether asymptomatic urinary tract infection in 
the puerperium should be treated and to establish the 
preferable duration of therapy. 


Material and methods 


Patients. The study comprised all women admitted 
for. delivery at Aker University Hospital, Oslo, during 
a period of 2 years (1985 to 1986). 

The screening for bacteriuria was performed on a 
single midstream urine specimen collected 3 to 5 days 
after delivery. The urine sample was cultured within 1 
hour and the presence of at least 100,000 cfu/ml ofa 
single microorganism indicated significant bacteriuria. 
When colony counts between 1000 and 100,000 were 
obtained, a new midstream urine sample was cultured. 

` The diverse bacteria were identified by standard bac- 
teriologic methods, and antibiotic sensitivity testing was 
performed by the disk method. 

When significant bacteriuria of one organism only 
was detected by midstream urine cultivation, a supra- 
pubic needle aspiration was performed on a full blad- 
der. The suprapubic aspiration sample was collected 
before the patient left the hospital, usually 1 to 2 days 
after the midstream urine specimen was collected. The 
suprapubic aspiration sample was considered positive 
when growth revealed the same pathogenic organism 
as found in the midstream urine sample. Only patients 
with positive bladder punctures were considered as 
having true bacteriuria and were given treatment. 


Patients were excluded from further studies if they 
had temperatures higher than 38.5° C for more than 
24 hours, known renal or urologic abnormalities, a his- 
tory of recurrent urinary tract infections (two or more 
episodes during the last year), or if they were given 
prophylactic antibiotics during the delivery or the first 
postpartum days. 

Treatment trials. The patients with bacteria suscep- 
tible to amoxicillin (Apotekernes Laboratorium A.S., 
Oslo, Norway) were randomly allocated into three dif- 
ferent groups. Group 1 received one single dose (3 gm) 
of amoxicillin in the evening. Group 2 received 500 mg 
amoxicillin three times daily for 3 days. Group 3 re- 
ceived our existing standard treatment for bacteriuria 
(i.e., 250 mg amoxicillin three times daily for 10 days). 
Group 4 comprised patients with a history of penicillin 
hypersensitivity, or with amoxicillin-resistant bacteria. 
These patients were treated with cephalexin or nitro- 
furantoin for 7 days. Group 5 received no treatment. 

Follow-up. Patients in treatment groups 1 to 4 had 
a follow-up midstream examination during the second 
week after cessation of treatment. The women with true 
bacteriuria who did not receive therapy were requested 
to return for their midstream urine examination 8 to 
10 weeks after delivery. Whenever the midstream urine 
sample was positive, a new suprapubic aspiration sam- 
pling was performed. i 

Definitions. Cure was defined as the absence of bac- 
teriuria in the midstream urine or suprapubic aspira- 
tion sample. Failure (or persistent infection) was de- 
fined as inability to eradicate the original infecting 
strain that was observed in the follow-up MSU and SPA 
samples. Reinfection meant that the urine culture (both 
midstream urine and suprapubic aspiration urine spec- 
imens) at the posttreatment visits were positive for an 
organism different from the initial pathogen. 

The study was approved by the Norwegian Medicines 
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Table II. Results of a comparative treatment and nontreatment study of puerperal patients with 


bacteriuria demonstrated by suprapubic bladder aspiration 





No. of patients Persistent bacteriuria 
Group Drug studied © (No) 
Amoxicillin 
1 1 day 19 3 (16%) 
2 3 days 69 4 (6%) 
3 10 days 65 1 (2%) 
4 Cephalexin-nitrofurantoin ` 46 - 4 (9%) 
Total treatment groups 199 12 (6%) 
5 No treatment _52 i 24 (27% 
TOTAL 251 26 (10%) 











Groups 1 to 3: p < 0.05. Groups 2 to 5: p < 0.05. Groups 3 to 5: p <-0.001. Groups 4 to 5: p < 0.05. Total of four treatment . 


groups to 5: p < 0.0001. 


Control Authority, and by the ethical committee of the 
hospital. 
Statistical analysis. Data were analyzed by the x? test 
with Yates’ correction and Fisher’s exact probability test. 
Differences with p = 0.05 were considered statistically 
significant. , 


Results 


Screening results, risk factors, A total of 6803 puer- 
peral patients were screened for bacteriuria; in 553 
women (8.1%) the voided midstream urine specimens 
showed significant bacterial growth. Seventy women 
(13%) were excluded from further studies according 
to our criteria; cultures of the bladder urine aspirated 
from the remaining 483 women yielded bacterial 
growth in 251 cases. This indicates a contamination rate 


among the midstream urine samples of 48%. The fre- 


quency of true bacteriuria observed in the puerperal 
population was thus 3.7%. 

Characteristics of the women with bacteriuria are de- 
scribed in Table I and are compared with the charac- 
teristics of the women without bacteriuria. The mean 
age of the women in both groups was 27 years. In the 
group with bacteriuria, 34% stated that they had ex- 
perienced earlier episodes of urinary tract infection, 
and in 10% bacteriuria had been demonstrated during 
the current pregnancy. Both figures differ significantly 
from those reported in women without. bacteriuria 
(p < 0.0001). Furthermore, the women with bacteri- 
uria had significantly more often had operative deliv- 
eries (cesarean section, forceps, and vacuum extraction 
deliveries), received epidural anesthesia, and had cath- 
eters in place during normal deliveries than puerperal 
women without bacteriuria (p < 0.0001). 

Only 52 women (21%) with true bacteriuria had 
symptoms of lower urinary tract infection such as dys- 
uria, urgency, or suprapubic pain. Table I shows the 
characteristics of women with and without symptoms 
of bladder infection. As observed, past urinary tract 
infection and operative delivery occurred significantly 
more often in the women with symptomatic bacteriuria 


(p < 0.05). The two groups otherwise were comparable 
with regard to epidural anesthesia and catheterization 


_ performed during delivery. 


Treatment results. Among the 251 women with con- 
firmed bladder infection, 199 received different ther- 
apeutic regimens and 52 served as control cases. Pa- 
tients with amoxicillin-susceptible bacteria were ran- 
domly selected for amoxicillin treatment of different 
durations: 1 day (group 1), 3 days (group 2), and the 
conventional 10 days (group 3) treatment. The results 
are shown in Table II.. Three days’ therapy appeared 
to be as effective as 10 days of treatment, with cure 
rates of 94% and 99%, respectively, whereas the single- 
dose treatment was significantly less effective than 10 
days of treatment (p < 0.05). l 

The women in group 4 with amoxicillin-resistant bac- 
teria who received cephalexin or nitrofurantoin treat- 
ment for 7 days showed a cure rate of 91%. 

Among the nontreated control cases in group 5, 27% 
had persistent bladder bacteriuria with the same type 
of microorganisms (Escherichia coli, enterococci, Klebsi- 
ella pneumoniae) that were isolated 2 months earlier. The 
difference between the total cure rate of treatment 
(94%) and the spontaneous cure rate (73%) was highly 
significant (p < 0.0001). Furthermore, all therapeutic 
regimens except the single-dose treatment showed sig- 
nificantly different cure rates in comparison with the 
nontreated group (p < 0.05). 

The different types of microorganisms isolated from 
bladder aspirates and the relative number of cases with 
various infections were similar in the treated and un- 
treated groups (Table ITI). Of the 12 treatment failures, 
three patients complained of dysuria, whereas two of 
the 14 women with persistent bladder bacteriuria in the 
no-treatment group had symptoms. 

The characteristics of the untreated women are de- 
scribed in Table IV. The treated and untreated groups 
do not differ with respect to age, parity, socioeconomic 
status, predisposing factors, number of operative de- 
liveries, or frequency of catheterization, nor did they 
differ with respect to urinary tract symptoms. However, 
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Table III. Treatment results related to the microorganism isolated in the bladder urine specimens of 


puerperal women 





Treated patients 





Untretreated patients 










Organism 
Escherichia coli 50 4 
Klebsiella pneumoniae 15 2 
Proteus mirabilis 1] 1 
Streptococci 6 — 
Staphylococci 24 1 
Enterococci 9] 4 
Others ae = 
TOTAL 19 12 (6%) 


Persistent 
bacteriuria 










Persistent 
bacteriuria 





(No.) 

13 8 63 
2 1 17 
2 1 13 
z — 6 
6 — 30 

27 4 118 

= = 2 

53 14 (27%) 51 








Table IV. Characteristics of puerperal women with untreated bladder bacteriuria according to the 


persistence of the condition 











Persistence of bacteriuria 








No. of patients 

Primiparous 

Multiparous 

History of past urinary tract infection 

Bacteriuria in pregnancy 

Normal deliver 

Total operative delivery 

Epidural anesthesia 

Total catheterization 
Operative deliveries 
Normal deliveries 


#p < 0.05. 


nine women (19%) in the untreated group complained 
of dysuria, whereas 21% in the treatment groups did 
so. However, within the nontreatment group several 
differences appeared between the group in whom bac- 
teriuria persisted and the group with spontaneous cure 
(Table IV). The women in whom the bacteriuria dis- 
appeared without treatment were significantly more of- 
ten primiparous, had received epidural analgesia, and 
had catheters in place more frequently during their 
normal deliveries; the women with persistent bacteri- 
uria were multiparous with uncomplicated deliveries 
(p < 0.05). 

All women with persistent bacteriuria were treated 
according to the antibiotic susceptibility pattern and 
their urine specimens remained sterile during a 2- 
month follow-up period. 


-Comment 


The incidence of true bacteriuria was 3.7% in the 
postpartum period. This rate is similar to the preva- 
lence observed in pregnant and nonpregnant, sexually 
active women of childbearing age.** However, the im- 
portant difference between bacteriuria during preg- 
nancy and bacteriuria in nonpregnant women is the 


14 38 52 (100%) 
6* 32 38 (73%) 
ge 6 14 (27%) 
6 18 24 (46%) 
2 4 6 (12%) 
9 16 25 (48%) 
5 22 27 (52%) 
3* 22 25 (48%) 
6 28 34 (65%) 
4 17 21 
2% 11 13 


potential sequela of the condition.®” Bacteriuria tends 
to persist during pregnancy and in 25% to 50% of the 
cases there is an upper tract involvement with a con- 
comitant increased risk of pyelonephritis.*” The phys- 
iologic urinary stasis, the dilatation of the ureters, and 
the vesicoureteric reflux observed during pregnancy 
may persist for several months after delivery. This 
makes the puerperal woman as vulnerable as the preg- 
nant woman.®® In addition, several events that occur 
regularly during delivery increase the risk of urinary 
tract infection. In agreement with other reports,’ * '° 
we found that different obstetric procedures, such as 
cesarean section, application of forceps, or vacuum ex- 
traction increased the risk as did epidural anesthesia. 
However, the main risk factor was catheterization per- 
formed during normal labor. Therefore routine cath- 
eterization should be avoided. The study indicated that 


` puerperal women with a history of previous urinary 


tract infection were disposed to bladder bacteriuria as 
were women with urinary tract infection in pregnancy. 

One diagnostically important point to note is the fact 
that the majority of our puerperal cases with bladder 
bacteriuria lacked characteristic symptoms of urinary 
tract infection. Only 21% of our patients complained 
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of dysuria or lower abdominal pain during urination. 
These symptoms were more commonly observed in 
women who had operative deliveries. Admittedly, it 
may be difficult to differentiate between symptoms re- 
lated to the birth canal and symptoms from the urinary 
tract system in the puerperal period. Thus, if urinary 
screening is limited to patients with symptoms, nearly 
80% of cases of bladder bacteriuria will remain unde- 
tected. 

The diagnosis of significant bacteriuria is usually 
based on demonstration of more than 100,000 cfu/ml 
in a voided midstream urine specimen. In 48% of the 
patients; the bacteriuria isolated from the midstream 
urine samples could not be recovered from the bladder 
aspirates. This is a result of contamination by puerperal 
discharge during collection. The diagnosis of urinary 
tract infection in the postpartum period evidently is 
often false when it relies on one midstream urine ex- 
amination alone. Puerperal patients with positive mid- 
stream samples are in this respect outstanding and 
should not be treated automatically, but should have 
more thorough examination. In agreement with pre- 
vious reports,” * we found that suprapubic aspiration 
provided a simple diagnostic tool that was acceptable 
to most patients. No complaints or side effects were 
encountered in the 483 women with positive midstream 
urine specimens who had bladder aspirations. No extra 
cost was added since the puncture was performed at 
the bedside before the patient left the hospital. 

Traditionally amoxicillin has been the drug of choice 
in the treatment of puerperal bacteriuria, in part be- 
cause of the low concentration in breast milk and 
the suitability of the antibacterial spectrum of amoxi- 
cillin.®” In fact, 85% of the organisms isolated from-the 
urine displayed susceptibility to this drug, a finding that 
corresponds with other studies.’''? Consequently, three 
fourths of our patients were selected for the amoxicillin 
treatment trial. The 10-day treatment was significantly 
more effective than the single-dose therapy, but with- 
out any significant difference to the 3-day treatment 
(Table II), Any treatment regimen except the single- 
dose therapy showed a cure rate that was significantly 
higher than the spontaneous cure rate. The overall cure 
rate of treatment was 49%, which may be considered 
somewhat high. One possible explanation could be that 
we used midstream specimens followed by suprapubic 
aspiration to assess the response to therapy. In a review 
of 62 different treatment trials of urinary tract infec- 
tion,” all studies have used midstream urine specimens 
alone to determine the bacteriologic outcome. If we had 
relied only on midstream urine examination for iden- 
tification of treatment failures, a cure rate of 90% and 
85% would have been observed in our amoxicillin and 
nitrofurantoin-cephalexin treatment group, respec- 
tively. These figures are comparable with the success 
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rates reported in similar studies among nonpregnant 
women.'! 8 

The necessity of treating asymptomatic bacteriuria is 
controversial." Today little evidence warrants treat- 
ment of asymptomatic bacteriuria in nonpregnant 
women,*® although it is generally accepted that preg- 
nant women should be treated to prevent development 
of pyelonephritis.° ’ Because the main risk factor, 
urethropyelocalyceal dilatation, does persist after de- 
livery, it is to be expected that persistent bacteriuria in 
the postpartum period may predispose the patient for 
pyelonephritis.* This study indicated that bacteriuria 
persists in the bladder without symptoms in 27% of the 
patients who receive no antibacterial treatment. The 
only predisposing factor identified was multiparity. 
Spontaneous cure was significantly more probable in 
primparous women with an uncomplicated urinary 
tract infection induced ‘by catheterization. 

The following recommendation can be made from 
this study: puerperal patients, particularly those with 
a history of previous urinary tract infection, epidural 
analgesia, catheterization during delivery, and opera- 
tive delivery, should have a bacterial culture of the 
urine. Patients with positive midstream urine specimens 
should be followed up by repeat examinations because 
of the especially high contamination rate during the 
postpartum period. In cases of confirmed bladder bac- 
teriuria, treatment should be given, otherwise bacte- 
riuria will persist in nearly 30%. Three days of therapy 
seems to be sufficient in cases of uncomplicated uri- 
nary tract infection and is preferable because this reg- 
imen avoids prolonged drug exposure to the lactating 
mother and unnecessary traces of antibiotics in breast 
milk. 
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Prediction of residual trophoblastic tissue in first-trimester 
abortions and low levels of human chorionic 


gonadotropin B-subunit 


Eyal Schiff, MD, Gilad Ben-Baruch, MD, Orit Moran, MD, Iris Yahal, MBA, 
Gabriel Oelsner, MD, Shlomo Mashiach, MD, and Joseph Menczer, MD 


Tel Aviv, Israel 


The clinical data and the histologic report of curettage specimens of 174 patients with first-trimester 
abortion and human chorionic gonadotropin B-subunit <500 mlU/mi were reviewed. In only 22 (12.6%) 
were chorionic villi histologically reported. A multivariate analysis showed that increased log human 
chorionic gonadotropin §-subunit levels within the range of 20 to 500 mIU/ml, intrauterine tissue 
demonstrated by ultrasonography, higher gestational age, and active bleeding were significant predictive 
variables for the presence of villi in curettage specimens. A mathematical formula and a clinical scoring 
system for the prediction of residual villi in these cases were devised and were applied to the data of our 
study group. The sensitivity, false-negative rate, and specificity of the scoring system were 90.9%, 2.2%, 
and 59.2%, respectively; however, the false-positive rate was 75.6%. By use of this scoring system in 
patients with first-trimester abortion and low human chorionic gonadotropin B-subunit level, the presence of 
villi in curettage specimens can thus be predicted with a high sensitivity and as many as 60% of curettage 
procedures might be prevented. (Am J Osstet GYNECOL 1990;162:797-801.) 


Key words: First-trimester abortion, B-hCG, curettage 


The traditional management of first-trimester abor- 
tion is uterine curettage. This approach is based on the 
assumption that residual trophoblastic tissue may pro- 
long and intensify uterine bleeding, may facilitate en- 
dometrial infection, and later may promote the for- 
mation of intrauterine adhesions that cause fertility or 
menstrual disturbances.’ 

The current frequent use of ultrasonography and of 
the radioimmunoassay for the detection of serum hu- 
man chorionic gonadotropin B-subunit (B-hCG) levels 
permits earlier diagnosis of abortions than previously.” 
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Some of the pregnancies and abortions in which the B- 
hCG level already decreased may not have been diag- 
nosed at all before these tests were available.** Because 
it is uncertain which patients have residual tropho- 
blastic tissue, the physician commonly faces the ques- 
tion of whether to perform a curettage for first- 
trimester abortion when the B-hCG level is low, espe- 
cially when there is no excessive bleeding. 

The purpose of this retrospective study was to es- 
tablish the frequency of residual trophoblastic tissue in 
curettage specimens obtained from women with spon- 
taneous first-trimester abortions and low B-hCG levels, 
and to determine which clinical variables affect this 
frequency. | 


Patients and methods 


The study group comprised 174 pregnant patients 
who were examined in our department during the 8 
years from March 1979 to March 1987, and who ful- 
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Fig. 1. Box plot of « marks distribution of study group pa- 
tients. 


filled the following criteria: (1) a clinical and ultra- 
sonographic diagnosis of spontaneous incomplete or 
missed abortion was made, (2) a curettage was per- 
formed, (3) a serum B-hCG test was determined within 
48 hours before the curettage, (4) the B-hCG level was 
between 20 to 500 mIU/ml, and (5) a histology report 
of the curettage specimens was available. 

Patients with laparotomy or laparoscopically proved 
ectopic pregnancy were not included in the study 
group. 

All the blood samples were tested for B-hCG in 
the same laboratory (ZER, Tel Aviv) with the same 
method: immunoradiometric assay with iodine 125— 
incorporated monoclonal antibodies.” The measure- 
ment units are according to the second international 
standard of the International Health Organization. 


The histologic findings are based on the original’ 


pathologic reports. The clinical and pathologic data of 


March 1990 
Am J Obstet Gynecol 


Table I. Histologic findings in the 


. curettage specimens 





Findings No. % 
Total 174 >` 1000 
No villi present 152 87.4 
Secretory endometrium 68 39.1 
Proliferative endometrium 19 -10.9 
Decidua 40 23.0 
Decidua and endometrium 18 10.4 
Other: (Arias-Stella reaction, 7 4.0 


inflammatory reaction, no 
tissue obtained) i 
Villi present 22 12.6 





the study group patients were reviewed and entered 
into a computerized data base. l 

A univariate analysis was used to test the influence 
of each clinical variable on the presence of villi in cu- 
rettage specimens. Differences between groups were 
calculated by the Pearsonian x’ test.° 

To test the significance of the relative contribution 
of each variable to the total variance, a multivariate 
analysis (linear regression) was performed. The step- 
wise method was used where p to enter the regression 
was 0.05.” The coefficients of the most significant vari- 
ables (p < 0.05) from the regression line were used to 
establish a formula that can calculate a specific numeric 
mark (k) for each patient, according to her clinical data. 
We used the mean and standard deviation of the K 
marks in the group of patients in whom chorionic villi 
were present for hypothesis testing. A critical x mark 
for rejecting a null hypothesis that chorionic villi are 
not present at a 99.9% level of significance was calcu- 
lated as follows: Critical x (99.9) = x (mean) — [SD 
(«)/SQRT (n)] X 2(99.9%) (z denotes normal distri- 
bution). 


Results 


The median age of the study group patients was 29 
years. The mean gravidity was 2.3, and 64 (36.7%) of 
the patients were primigravid women. 

Table I presents the histologic findings of the tissue 
obtained at curettage. Chorionic villi were present in 
22 (12.6%) of the 174 curettage specimens. In more 
than 50% of the cases in which no chorionic villi were 
found, a secretory or proliferative endometrium only 
was reported, whereas in 33.4% decidua with or with- 
out normal endometrium was present. 

Table II presents the distribution of clinical variables 
according to the presence or absence of chorionic villi 
in the curettage specimens. The ultrasonographic dem- 
onstration of tissue in the uterine cavity before curet- 
tage was the most reliable single predictive variable. Of 
22 patients in whom chorionic villi were histologically 
reported, residual tissue was demonstrated ultrasono- 
graphically in 13 (59.1%), whereas of 152 patients with 
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Table II. Distribution of clinical variables according to presence of chorionic villi 








Villi present 
(N = 22) 









Villt absent 
(N = 152) 















Ratio of 





Variable 


Ultrasonography 

Tissue present 13 59.1 

Tissue absent - 9 40.9 
Gestational age (wk) 

4-5 0 0 

6-7 8 36.4 

8-10 8 36.4 

11-12 6 27.2 
Active bleeding on admission 

Present 22 100.0 

Absent . 0 0 
Clinical uterine size (wk) 

4-5 7 31.8 

6-7 il 50.0 

8-11 4 18.2 
8-hCG level (mIU/ml) 

20-200 Il 50.0 

201-400 8 36.4 

401-500 3 13.6 
Cervical canal on admission 

Closed 8 36.4 

Open 14 63.6 
Previous tissue expulsion 

Yes 6 27.3 

No 16 72.7 


Table III. Results of multivariate analysis 







presenti absent 
villi 





2.0 4.33 
98.0 0.06 1 <0.001 
7.9 0 
52.0 0.1 
58.3 0.19 
11.3 0.33 3 0.093 
93.4 0.15 
6.6 0 I 0.215 
53.9 0.09 
36.2 0.2 
9.9 0.27 2 0.134 
72.4 0.1 
23.7 0.22 
3.9 0.5 2 0.048 
30.3 0.17 
69.7 0.13 I 0.740 
24.3 0.16 
75.7 0.14 1 0.973 


Gestational age 3.889 
Log B-hCG level 4.509 
Ultrasonography of uterine cavity 0.608 
Active bleeding 0.569 
Error 13.291 


l 3.889 47.400 0.000 

I 4.509 54.957 0.000 

1 0.608 7.406 0,007 

l 0.569 6.940 0.009 
162 0.082 





no histologically reported chorionic villi, residual tissue 
was reported ultrasonographically in only three (2%) 


cases (p < 0.001). The rate of presence of chorionic 


villi increased with gestational age, but the differences 
were not significant (p = 0.093). A higher rate of cho- 
rionic villi was found in correlation with high B-hCG 
levels (p = 0.048). i 

Table III presents the results of the multivariate anal- 
ysis. Four variables entered the stepwise regression; 
thus increased log B-hCG levels, higher gestational age, 
residual tissue demonstrated ultrasonographically, and 
active bleeding on admission were found to be highly 
significant predictive variables for the presence of cho- 
rionic villi in the curettage specimens. Cervical dilation, 
uterine size, and a history of tissue expulsion were not 
significant predictive variables for the presence of cho- 
rionic villi. The squared multiple R for this regression 
line was 0.93, 


The formula derived from the coefficients of the | 


regression line is as follows: 


k = 14.54 + 6.5B + 13C + 11.8D 


where A = log of 8-hCG level, B = gestational age; 
C = 1 if residual tissue was demonstrated by ultra- 


sonography and — 1 if not; and D = 1 if active bleeding 


was found on admission and — 1 if not. 

A critical k mark of 121.48 was calculated by substi- 
tuting our data in the formula mentioned in the Meth- 
ods section and by using the hypothesis test: 121.48 = 
142.85 — [22.271/SQRT (22) x 4.5]. Thus, if the clin- 
ical data of a specific patient were entered into the 
formula, a k mark above the critical one signifies that 
chorionic villi are expected to be found in the curettage 
specimens. 

The x marks calculated for the study group subjects 
with regard to the critical « mark and the histologic 
reports are presented in Fig. 1. Nineteen of 22 patients 
who had chorionic villi in curettage specimens had a k 
mark above the critical x, whereas 92 of 152 patients 
who had no chorionic villi had x marks below the critical 
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Table IV. Clinical scoring system for prediction of presence of residual trophoblastic tissue 











Ultrasonography No tissue demonstrated 
B-hCG level (mIU/ml) 20-199 
Gestational age (wk) . 4-5 

Active bleeding Absent 


Tissue demonstrated 


200-399 400-500 — 


6-7 8-11 = 
Present — = 





Table V. Distribution of patients according to clinical scoring system 











Villi present (N = 22) — 


Villi absent (N = 152) 











0-3 2 
4-7 > 20 


90 59.2 
62 40.8 





mark. Thus this test has a sensitivity of 86.4% and a 
false-negative rate of 3.2% but a speca of 60.5% 
and a false-positive rate of 75.9%. 

A clinical scoring system was also devised on the basis 
of x? test statistic values of the univariate analysis (see 
Table IV). A statistical value >10 was credited by three 
points, a value between 5 and 10 was credited by two 
points, and a value between 1 and 5 was credited with 
a single point. We considered a score of 0 to 3 points 
as low probability and 4 to 7 points as high probability 
for the presence of residual trophoblastic tissue. 

Table V presents the distribution of the patients in 
the study group according to the clinical scoring system. 
By means of this system, 20 of 22 patients with villi in 
the curettage specimens were correctly predicted to 
contain residual gestational tissue by a high score (4 to 
7 points), and 90 of 152 patients with no chorionic villi 
had a low score (0 to 3 points). Thus the sensitivity of 
this scoring system was 90.9% and the false-negative 
rate only 2.2%, whereas the specificity was 59. 2% and 
the false-positive rate was 75.6%. 


Comment 


The purpose of curettage in patients with first- 
trimester incomplete or missed abortion is to remove 


possible residual trophoblastic tissue that presumably. 


may be harmful, even if its amount is small. It is there- 
fore important to establish the frequency with which 
such tissue is found in curettage specimens. Our data 
show that in only 22 (12.6%) of 174 patients with first- 
trimester abortion and B-hCG levels of less than 500 
_mIU/ml was residual trophoblastic tissue histologically 
reported. It is possible that not all the tissue obtained 
by curettage was histologically examined, and in some 
cases the presence of chorionic villi may have been 
missed. However, even if this occurred, the rate of pres- 
ence of residual trophoblastic tissue in these cases is 
probably low. Our findings agree with those of Saxena 


and Landesman’ who reported that when the level of 
B-hCG is below 480 mIU/ml, there is frequently no 
histopathologic evidence of pregnancy.® 

Although all patients had a positive serum B-hCG 

test 48 hours before admission, the possibility that few 
of them were not pregnant cannot be ruled out. Some 
of those patients in whom no trophoblastic tissue was 
reported in the-curettage specimens most probably had 
an ectopic pregnancy that resolved spontaneously with- 
out any further surgical intervention. However, these 
patients cannot be clinically identified; with regard to 
the need for curettage, they pose the same problem as 
pregnant patients with an abortion. 
. The statistical multivariate regression analysis was 
performed to isolate those clinical variables that might 
predict the presence of residual trophoblastic tissue. It 
showed that higher B-hCG levels within the range of 
20 to 500 mlU/ml, higher gestational age, ultrasono- 
graphic demonstration of intrauterine tissue, and active 
bleeding at the time of admission were reliable predic- 
tors for the presence of residual tissue in the curettage 
specimens. A history of tissue expulsion from the va- 
gina before admission and the uterine size as assessed 
by bimanual pelvic examination were found not to be 
significant predictive variables; the cervical dilation on 
admission was a predictor of borderline significance. 
This may be accounted for by the relatively subjective 
character of these variables in comparison with the B- 
hCG level, ultrasonography, and gestational age. 

We used the regression coefficients of the most re- 
liable predicting variables to find a mathematical for- 
mula and a clinical scoring system that could be used 
as a sensitive test for predicting the presence of residual 
trophoblastic tissue in patients with first-trimester abor- 
tion and low B-hCG levels. The application of our for- | 
mula to the clinical data of the 174 study group patients 
demonstrated that up to 60.5% of the patients in whom 
no evidence of residual trophoblastic tissue was re- 
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ported could be predicted. If the purpose of curettage 
is to remove residual trophoblastic tissue, the proce- 
dure could have been avoided in these patients. Three 
of the 22 patients in whom gestational tissue was found 
also had a mark below the critical k. These patients 
would not have undergone a curettage and some 
amount of trophoblastic tissue would have been left in 
the uterus. However, the false-negative rate among the 
154 patients who were expected not to have chorionic 
villi in the curettings according to the calculated x mark 
was low—3.2%. If we used the same formula by raising 
the critical x mark to a level of higher sensitivity, we 
probably could detect all patients in whom residual ges- 
tational tissue was reported. However, specificity would 
have been reduced, and in only 40% of the cases with 
no residual trophoblastic tissue could curettage have 
been avoided. A similar rate of cases (59.2%) with no 
residual trophoblastic tissue could be predicted by the 
clinical scoring system, whereas the sensitivity rate of 
identifying patients with the presence of villi was even 
better (90.9%). The advantage of this clinical scoring 
system over the mathematical formula is its simplicity 
and acceptability. 

The need for curettage in early abortions with low 
B-hCG levels is not clear. A prospective clinical trial is 
currently being conducted by us to assess this problem. 
It is possible that a small amount of residual tropho- 
blastic tissue carries a smaller risk than that of curettage 
and anesthesia when immediate complications and the 
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rate of long-term sequelae are considered. However, 


before the objective data are available, the use of the 
proposed mathematic formula or the clinical scoring 
system provides the clinician a simple and efficient tool 
to recognize patients with first-trimester abortion and 
a low B-hCG level who have a AS probability of 
residual trophoblastic tissue. 
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Severe acidosis and subsequent neurologic status 


Susan C, Fee, MD, Kathleen Malee, PhD,” Ruth Deddish, MD,° John P. Minogue, DMin,* 
and Michael L. Socol, MD? 


Chicago, Illinois 


To examine the relationship between severe acidosis at birth and evidence of subsequent neurologic 
dysfunction, a 4-year review was performed encompassing 15,528 neonates. One hundred forty-two 
(0.91%) of these neonates had an umbilical cord arterial pH =7.05 with a base deficit =10 mEq/L. 
Neurologic assessments found 101 of 110 term neonates (91.8%) and 17 of 32 preterm neonates (53.1%) 
with severe acidosis to be free of neurologic deficits at the time of hospita! discharge. Follow-up 
developmental evaluation data were available for 7 of 9 term neonates and 8 of 15 preterm neonates with 
abnormal examinations. Although 5 term and 6 preterm infants demonstrated mild developmental delays or 
mild tone abnormalities in the first year of life, none exhibited a major motor or cognitive abnormality at 12 
to 24 months of age. Consequently, acidosis in umbilical cord blood, even when severe, is a poor predictor 


of subsequent neurologic dysfunction. (AM J OssteT GYNECOL 1990;162:802-6.) 


Key words: Acidosis, neurologic dysfunction 


Perinatal asphyxia has long been considered a major 
cause of neurologic disability, particularly cerebral 
palsy.' The term perinatal asphyxia implies that im- 
proved obstetric care might reduce the incidence of 
neurologic morbidity; therefore, defining the relation- 
ship between fetal asphyxia and subsequent brain in- 
jury is crucial. The criteria for diagnosing asphyxia 
have thus far been imprecise, with most observers re- 
lying on clinical evidence, such as Apgar scoring, to 
assess the newborn.’ This approach has proved inade- 
quate, because Apgar scores predict long-term neu- 
rologic deficits only when the score is markedly de- 
pressed for a prolonged period.* 

Umbilical cord arterial blood gas values offer an ob- 
jective assessment of the respiratory and metabolic sta- 
tus of the neonate at birth. Quantifying a biochemical 
disturbance such as acidosis in the neonate may theo- 
retically allow one to predict subsequent neurologic 
damage. However, the relationship between umbilical 
blood gas data and subsequent outcome remains ill de- 
fined, with some authors noting more developmental 
deficits in acidotic neonates‘ and others finding little 
correlation between acidosis and neurologic abnor- 
mality in either term®® or preterm’ neonates. We un- 
dertook this study to examine further the relationship 
between severe acidosis at birth and subsequent evi- 
dence of neurologic dysfunction. 
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Table I. Morbidity in neonates with severe 
metabolic acidosis 









Total AB Total AB 
(n = 110)\(n = 9) | (m = 32)}(n = 15) 

NICU admission 30 9 25 15 
5 min Apgar 0-3 l 1 5 4 
5 min Apgar <7 19 8 19 12 
HIE 4 4 4 4 
Seizures 2 2 l l 
Coma 0 0 l l 
Abnormal EEG 2 2 5 5 
Abnormal CT scan 2 2 2 2 
Hypotonia >24 hr 4 3 4 4 
PFC ll 8 3 3 
RDS 0 0 12 9 
Renal dysfunction 6 5 4 4 
IVH grade II-IV 0 0 1 1 





AB, Abnormal Brazelton assessment; NICU, neonatal in- 
tensive care unit; HIE, hypoxic-ischemic encephalopathy; 
EEG, electroencephalogram; PFC, persistent fetal circulation; 
RDS, respiratory distress syndrome; /VH, intraventricular 
hemorrhage. 


Material and methods 

Umbilical cord arterial blood samples are routinely 
obtained at all deliveries at Northwestern Memorial 
Hospital. Immediately after the infant’s delivery, the 


. umbilical cord is doubly clamped and a segment is ex- 


cised. An arterial blood sample is then obtained from 
this umbilical cord segment in a preheparinized syringe 
and placed on ice. Samples are usually analyzed within. 
15 minutes of delivery for pH, carbon dioxide pressure, 
and base deficit. 

From January 1984 through February 1988, 17,585 
infants =26 weeks’ gestation and 2750 gm were born 
at Northwestern Memorial Hospital. Umbilical cord ar- 
terial blood gas data were retrievable from our com- 
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13,857 Term 






15,896 Deliveries 






2,039 Preterm 


13,491 pH > 7.05 or BD < 10 


_ 110 pH $7.05 
and BD =10 


256 Major Anomalies 


1,895 pH > 7.05 or BD < 10 


32 pH $7.05 
ond BD = 10 


112 Major Anomalies 


Acidosis and neurologic status 803 


80 to Normal Nursery 






21 Normal at Discharge 












30 to NICU 


9 Abnormal at Discharge 


25 to NICU 


Fig. 1. Distribution of neonates with severe acidosis. BD, Base deficit; NICU, neonatal intensive care 


unit. 


Table II. Term acidotic neonates with abnormal examination results 












39 40 


Gestational age (wk) 


42 
Birth weight (gm) 2980 4000 3900 
5 min Apgar 0 6 6 
pH 6.68 6.93 7.02 
Pco, (mm Hg) 95 74 70 
Base deficit (mEq/L) 22 18 13 
NICU stay (days) 24 11 5 
Seizures x x 
Abnormal EEG x x 
Abnormal CT scan x 
Hypotonia > 24 hr x 
PFC x x x 
RDS 
Renal dysfunction x x x 
IVH grade II-IV 
Last evaluation 
Age (mo) 24 24 12 
Neurologic examination N N N 
' MDI 89 105 110 
PDI 87 88 104 


Hypoxic-ischemic encephalopathy 


37 37 39 38 40 






Abnormal Brazelton only 


; 3 37 
2610 3740 1960 2670 2520 3960 


5 5 6 4 6 7 
7.03 6.85 6.92 6.87 6.95 6.99 
61 97 109 129 81 89 
17 18 12 12 15 11 
4 6 22 18 6 10 
x 
x x 
x x x x x 
x x 
— — 24 18 3 18 
N N N N 
102 118 94 83 
103 108 90 96 





PCO», Carbon dioxide pressure; NICU, neonatal intensive care unit; EEG, electroencephalogram; PFC, persistent fetal circulation; 
RDS, respiratory distress syndrome; /VH, intraventricular hemorrhage; N, normal; MDI, mental developmental index; PDI, 


psychomotor developmental index. 


puter data base for 15,896 neonates, of whom 13,857 
were term (237 weeks’ gestation) and 2039 were pre- 
term (26 to 36 weeks’ gestation). We excluded 368 neo- 
nates with major congenital anomalies (256 term, 112 
preterm). This left 15,528 (13,601 term, 1927 preterm) 
neonates with umbilical cord arterial blood gas and neo- 
natal outcome data available for analysis. 

For this study, we defined severe acidosis as an 
umbilical arterial pH =7.05 with a base deficit 210 
mEq/L, which encompassed 0.91% of the deliveries. 
Of the 13,601 term neonates, 110 (0.81%) met these 


criteria for acidosis, as did 32 (1.66%) of the 1927 pre- ` 


term neonates. 
The nursery records of all neonates with severe ac- 
_idosis were reviewed and information regarding their 


hospital course was collected, Neonates admitted to the 
normal newborn nursery were given a standard new- 
born examination by a pediatrician within 24 hours of 


. birth. Neonates admitted to the neonatal intensive care 


unit were immediately evaluated by a neonatologist. 
Those neonates (five term, five preterm) with suspected 
neurologic abnormalities at admission were examined 
by a pediatric neurologist for evidence of hypoxic- 
ischemic encephalopathy. This encephalopathy, be- 
lieved to occur after a significant asphyxial episode, is 
characterized by the presence of seizure activity, an 
abnormal electroencephalogram, and prolonged hy- 
potonia (>24 hours’ duration). Abnormal findings on 
CT scan are often an associated sign.ë Additional mor- 
bidity such as persistent fetal circulation, renal dys- 
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Table III. Preterm acidotic neonates with abnormal examination 











Hypoxic-ischemic encephalopathy 


Abnormal Brazelton only 





Case 2 | Case 3 





Gestation age (wk) 32 34 36 35 


Birth weight (gm) 1500 2130 2260 2260 
5 Min Apgar 1 3 4 2 
pH 6.57 6.75 6.85 7.03 
Pco, (mm Hg) 170 114 78 78 
Base deficit (mEq/L) 25 22 21 1] 
NICU stay (days) 48* 19 15 18 
Seizures x 
Abnormal EEG x x x x 
Abnormal CT scan x x x 
Hypotonia > 24 hr x x x 
PFC xX 
RDS . ; x 
Renal dysfunction x x 
IVH grade III-IV 
Last evaluation 

Age (mo) — — 12 — 

Neurologic examination N 

MDI 121 

PDI 90 







Case 6 | Case 7 





Case 8 | Case 9 | Case 10 | Case 11 


35 34 30 32 2 33 30 
1977 2580 1380 1910 860 1640 1030 
3 6 7 6 6 5 9 
6.60 688 6.75 7.00 7.03 667 6.90 
121 083 110 70 69 106 72 
28 18 22 14 18 26 19 
35 . 183 70 67 7 29 72 
x xX 
x 
x ~X 
x xX x x xX 
x 
24 24 = 18 18 3 > 
N N N N N 
106 81 119 76 118 
99 82 94 8l 96 








Pco,, Carbon dioxide pressure; NICU, neonatal intensive care unit; EEG, electroencephalogram; PFC, persistent fetal circulation; 
RDS, respiratory distress syndrome; /VH, intraventricular hemorrhage; N, normal; MTA, mild tone abnormality; MDI, mental 


developmental index; PDI, psychomotor developmental index. 


*Died at 48 days. 


function (blood urea nitrogen =20 mg/dl, creatinine 
=1.5 mg/dl), grade III or IV intraventricular hemor- 
rhage, or respiratory distress syndrome was also doc- 
umented for all neonatal intensive care unit admissions. 
All neonates with suspected neurologic abnormalities 
or meeting specific criteria (birth weight =1500 gm, 
respiratory distress syndrome, intraventricular hem- 
orrhage, or need for prolonged neonatal resuscitation) 
received a neurodevelopmental evaluation by a devel- 
opmental psychologist. This assessment, based on Bra- 
zelton’s Neonatal Behavioral Assessment Scale,’ was 
scored in the areas of psychomotor functioning, state 
control, and interactive capabilities and results were 
considered abnormal if deficits were noted in one or 
more categories, All neonates who received a neurode- 
velopmental examination before discharge were re- 
ferred to the Developmental Evaluation Clinic for long- 
term follow-up. This included administration of the 
Bayley Scales of Infant Development” with Psycho- 


motor and Mental Development Index scores (normal - 


range 100 + 16) and a neurologic evaluation by a neo- 
natologist. Follow-up examinations were scheduled ap- 
proximately every 3 months for the first year and every 
6 months thereafter. 


Results 
The mean pH, carbon dioxide pressure, and base 
deficit for the 13,601 term neonates in our popula- 
. tion were 7.27 + 0.01, 56 + 2.4 mm Hg, and 6.1 + 
0.7 mEq/L, respectively. Their mean gestational age 
was 39.2 + 1.3 weeks and mean birth weight was 
3441 + 594 gm. The mean pH for the 110 term study 


neonates was 6.99 + 0.06, the mean carbon dioxide 
pressure was 77.1 + 13.9 mm Hg, and. the mean base 
deficit was 13.8 + 3.1 mEq/L. Their mean gestational 
age was 39.3 + 1.3 weeks and mean birth weight was 
3240 + 507 gm. 

- Of the 110 term neonates with severe acidosis, 80 
(72.7%) were admitted to the normal newborn nursery 
and were discharged with normal newborn examina- 
tions (Fig. 1). Thirty (27.3%) term neonates were ad- 
‘mitted to the neonatal intensive care unit with an av- 
erage length of stay of 5.6 + 5.9 days. Eleven received 
a Brazelton neurodevelopmental examination before 
hospital discharge and 9 were noted to be abnormal. 
Included in this group were 4 neonates diagnosed with 
hypoxic-ischemic encephalopathy. The morbidity these 
neonates experienced is described in Tables I and II. 

Of the nine term neonates discharged with an ab- 
normal Brazelton examination, two did not return for 
follow-up. Although five infants exhibited mild tone 
abnormalities or cognitive delays in the first year of life, 
only one abnormality persisted at 12 to 24 months of 
age, and none of these infants demonstrated a major 
motor or cognitive abnormality. Of the two neonates 
referred to the developmental clinic after normal neu- 
rodevelopmental examinations on discharge, one had 
anormal examination at 3 months of age and the other 
did not return for follow-up. 

The mean pH, carbon dioxide pressure, and base 
deficit for the 1927 preterm neonates were 7.23 + 
0.02, 49 + 3.2 mm Hg, and 5.4 + 0.7 mEq/L, respec- 
tively. Their mean gestational age was 34.3 + 1.9 weeks 
and mean birth weight was 2310 + 620 gm. For the 32 
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1620 1660 1840 ` 1800 
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6.93 7.01 7.05 6.97 
106 72 78 86 
12 11 10 13 
31 30 35 20 
x x l x x 
x 
X . 
12 — 12 . — 
MTA “N on 
100 93 
118 98 





preterm study neonates, the mean pH was 6.92 + 0.13, 
the mean carbon dioxide pressure was 87.9 + 24.5 mm 
Hg, and the mean base deficit was 15.6 + 5.6 mEq/L. 
Their mean gestational age was 33.8 + 2.5 weeks and 
mean birth weight was 2267 + 706 gm. ` 


Of the 32 preterm neonates, 7 (21.9%) were admitted. 


to the normal newborn nursery and discharged with 


normal examinations (Fig. 1). Twenty-five (78.1%) - 


were admitted to the neonatal intensive care unit with 
an average stay of 32.0 + 30.2 days. Eighteen received 


a Brazelton neurodevelopmental assessment before dis- _ 


charge from the nursery and 14 were abnormal. In- 


cluded in this group were 3 neonates diagnosed with . 


hypoxic-ischemic encephalopathy. A fourth neonate 
` was diagnosed with hypoxic-ischemic encephalopathy 
and died at 48 days of age. The morbidity these neo- 
nates experienced is described in Tables I and HI. 
Of the 14 preterm neonates discharged with an ab- 


normal Brazelton neurodevelopmental examination, 6 >- 


did not return to the Developmental Evaluation Clinic 
for follow-up. Although six infants exhibited mild tone’ 


abnormalities or cognitive delays in the first year of life, _ 


only three abnormalities persisted at 12 to 24 months 
of age, and none of these infants demonstrated a major 
motor or cognitive abnormality. Four preterm neonates 
were discharged with normal neurodevelopmental ex- 


aminations. Three of the four did not return for fur- . 


ther follow-up.:The remaining newborn was followed 
up to 12 months of age, with no developmental or 
neurologic abnormalities noted. 


Comment 


The problem of diagnosing and relating perinatal 
asphyxia to neurologic prognosis has been long stand- 
ing. Using morbidity data derived from the National 
Collaborative Perinatal project, Nelson and Ellenberg’ 
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reported that of 99 surviving infants with Apgar scores 
of 0 to 3 at 10 minutes or later, 80% were free of major 


‘handicap by early school. age. Others’! ? have also 


observed the poor correlation between Apgar scores 
and subsequent neurologic deficits. More recently, Low 


“et al.* studied the outcome of 37 term neonates with 


evidence of asphyxia determined by umbilical arterial 
blood gas rneasurements. Of 37 term neonates with 
metabolic acidosis at birth, 14% had evidence ofa major 
deficit in motor or cognitive development and 27% had 


. minor deficits when examined at 1 year of age. Whereas 


these data suggest better correlation between newborn 
acidosis and neurologic deficits, the number of neo- 
nates studied was small. 

The term neonate at risk of developing cerebral palsy 
from an intrapartum asphyxial episode will demon- 
strate unequivocal signs of neurologic dysfunction in 
the first week of life, usually within the first 12 hours." 
Dysfunction of the respiratory, cardiovascular, gastro- 
intestinal, or renal systems can occur in neonates who 
have experienced a significant intrapartum asphyxial 
episode." In fact, these problems often occur without 


‘evidence of hypoxic-ischemic encephalopathy, as the 


fetus redistributes cardiac output in the face of hypoxia 
so that blood flow to the brain, myocardium, and ad- 
renal glands is maintained.'* Thus even in severe as- 


phyxia, this “brain-sparing” mechanism may avoid per- 


manent neurologic damage. Our study concurs with 
this concept of multiorgan system dysfunction when a 
significant intrapartum asphyxial insult occurs. In the 


absence of these other morbidities, one must be sus- 
' picious of intrapartum asphyxia being the cause of neu- 


rodevelopmental abnormality. | 

Nine of 110 (8.2%) term neonates and 14 of 32 
(46.9%) preterm neonates born severely acidotic ex- 
hibited minor, developmental delays or mild tone ab- 
normalities on hospital discharge. Whether the in- 
creased incidence of minor abnormalities in the pre- 
term neonates reflects primarily prematurity or an 
increased sensitivity to acidosis is impossible to ascertain 
from our data. Eight of these neonates (2 term, 6 pre- 
term) were lost to follow-up, but no infant—term or 


. preterm—examined in our Developmental Evaluation 


Clinic demonstrated a major motor or cognitive deficit 
by 12 to 24 months of age. Similarly, although obser- 
vations made at the routine pediatric examinations of 


. the infants delivered during this 4-year study were not 


available to us, the likelihood of identifying neurologic 
deficits in newborns discharged with normal exami- 
nations: is extremely low.'* '® 

Umbilical cord blood gas data, like Apgar scores, may 
prove helpful in assessing the neonate’s immediate sta- 
tus. Taken alone, however, these'data appear to be poor 
predictors of neurologic abnormalities, especially in the 


- term neonate. This poor correlation implies that factors 


other than perinatal acidosis are responsible for most 
neurologic and developmental deficits. A recent state- 
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ment by the American College of Obstetricians and 
Gynecologists emphasizes that to ascribe neurologic def- 
icits to perinatal asphyxia, low Apgar scores alone are 
insufficient and additional evidence such as seizures 
and prolonged hypotonia is required.” The same stip- 
ulation may hold for acidosis identified at birth. Our 
study suggests that even severe acidosis in umbilical 
cord blood is insufficient evidence of asphyxia: pro- 
found enough to cause neurologic damage. Further- 
more, most mild neurologic deficits noted in an infant 
after severe acidosis can be expected to resolve in the 
first years of life. i 
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Antenatal diagnosis of sacral agenesis syndrome in a 
pregnancy complicated by diabetes mellitus 


J. D. Sonek, MD, S. G. Gabbe, MD, M. B. Landon, MD, L. E. Stémpel, MD, 


M. R. Foley, MD, and K. Shubert-Moell, MD 


Columbus, Ohio 


The sacral agenesis syndrome is a severe congenital abnormality consisting of agenesis of the lumbar 
spine, sacrum, and coccyx, as well as hypoplasia of the lower extremities. It is considered the most 
characteristic of all congenital anomalies associated with maternal diabetes mellitus. We describe the 
sonographic and radiologic findings of agenesis of the lumbosacrococcygeal spine with lower limb and 
genital hypoplasia in the offspring of a woman with both diabetic retinopathy and nephropathy. The 
diagnosis was established at 25 weeks’ gestation and was confirmed by radiologic evaluation of the 


neonate. (AM J Osstet GYNECOL 1990;162:806-8.) 


Key words: Sacral agenesis syndrome, diabetic pregnancy, antenatal diagnosis 
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A case of agenesis of the lumbosacrococcygeal spine 
with lower limb and genital hypoplasia is described. 
The diagnosis was made at 25 weeks’ gestation. 


Case report 


A 24-year-old white woman, gravida 3, para 0, aborta 
2, with proliferative retinopathy and nephropathy, di- 
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Fig. 1, Sonogram demonstrating coronal section of fetus at 28 weeks’ gestation. Note absence of 


spinal vertebrae below midthorax. 





Fig. 2. Sonogram illustrating transverse section of fetus at 25 weeks’ gestation at level of kidneys. 


Note absence of spine. 


agnosed as having White’s class F/R diabetes mellitus, 
was first seen in our clinic at 25 weeks’ gestation. She 
had had sporadic prenatal care before this visit, al- 
though a first-trimester sonogram had established her 
expected date of confinement. 

The hemoglobin A,c level at 25 weeks was 5% 
(normal 5% to 8%). Diabetes was well controlled on 
two injections of insulin daily. Her initial physical ex- 
amination revealed proliferative retinopathy, which 
required laser therapy. Significant proteinuria (4.1 
gm/24 hours) and a creatinine clearance of 118 
ml/min were documented. 

Ultrasonographic examination revealed a single fetus 
in a cephalic presentation. The amniotic fluid volume 
appeared normal. The fetal anatomy above the mid- 
thorax, including the heart and the intracranial struc- 
tures, was normal. Below this level, however, complete 


absence of the vertebrae was noted (Fig. 1). Two kiedl- 
neys were identifiable but were closely apposed in the 
midline (Fig. 2). The fetal bladder was normal in size. 
The lower extremities were fixed in a “froglike” posi- 
tion. Measurements of the lower extremities and the 
feet lagged 3 to 4 weeks behind the head and upper 
extremities. The fetus was male and the phallus was 
subjectively small. An amniocentesis was performed 
and a normal male karyotype, 46,XY, was present. 

Serial ultrasonographic examinations during the ges- 
tation revealed normal growth of the fetal head, thorax, 
and upper extremities, The abdominal circumference, 
however, was consistently below the 2.5th percentile, 
and the lower extremities continued to be dispropor- 
tionately small. The amount of amniotic fluid remained 
normal. 

Labor was induced at 35 weeks after uterine tender- 
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ness and low-grade fever (38° C) developed. The pa- 
tient was delivered of an 1810 gm male infant by ce- 
sarean section because of presumed fetal distress evi- 
denced by persistent late decelerations. The infant's 
Apgar scores were 8 and 9 at | and 5 minutes, respec- 
tively. 

Initial examination of the neonate revealed normal 
respiratory effort and good movement of the upper 
extremities. The abdomen was slightly distended, and 
bowel sounds were absent. The lower extremities were 
hypoplastic and did not move. Cutaneous webs con- 
nected the posterior aspect of both calves to the backs 
of the thighs. Both the scrotum and the phallus were 
hypoplastic. The testes were not palpable. The urethra 
and the anus were patent. Radiologic examination of 
the neonate revealed complete absence of vertebrae 
below the seventh thoracic vertebra and rib deformities. 

During the first 3 months of life, the infant’s upper 
body has grown normally and he has had no respiratory 
difficulties. However, there has been no active move- 
ment of the lower torso and the lower extremities. 


Comment 


The congenital abnormalities commonly observed in 
the offspring of women with insulin-dependent dia- 
betes mellitus are believed to arise during the first 7 
weeks of gestation. These include cardiovascular, cen- 
tral nervous system, skeletal, genitourinary, and gas- 
trointestinal abnormalities. None of these malforma- 
tions is found solely in pregnancies complicated by di- 
abetes mellitus. However, sacral agenesis or the caudal 
regression syndrome is considered to be the most char- 
acteristic abnormality in these patients. Although the 
relative risk for this rare lesion is increased 200-fold in 
infants of diabetic women, it has been observed in only 
2 per 1000 pregnancies complicated by diabetes mel- 
litus. 

The caudal regression anomaly may include sacral 
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agenesis, vertebral and spinal cord agenesis, pelvic de- 
formities and hypoplasia, femoral hypoplasia, talipes 
equinovarus, muscular atrophy of the lower extremi- 
ties, and flexion contractures at the knee with webbing 
and may be associated with cardiac malformations. 

Despite intensive investigation, the teratogenic fac- 
tor(s) in the pregnancy complicated by diabetes mellitus 
has not been precisely defined. Mills et al.' recently 
reported that the malformation rate in the offspring 
of women with diabetes mellitus who were examined 
before the critical period of organogenesis could not. 
be related to glucose control. However, because the 
malformation rate in these pregnancies was lower than 
that in women who were seen later in pregnancy, the 
authors concluded that attention to glucose control be- 
fore the pregnancy or early in gestation may be of 
benefit. The hemoglobin A,¢ level in this case was not 
determined until 25 weeks of gestation and does not 
necessarily reflect the level of glucose control during 
the initial part of the pregnancy. 

The case we describe confirms that this rare but ma- 
jor malformation may be detected antenatally by ultra- 
sonography.’ Key findings included absence of the 
lower thoracic and lumbosacral spine, hypoplasia of the 
femora, and flexion contractures of the lower extrem- 
ities. This case also emphasizes the need for a detailed 
ultrasonographic examination in midgestation as part 
of the management of pregnancy complicated by 
insulin-dependent diabetes mellitus. 
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Current Development 


An analysis of antenatal tests to detect infection in preterm 
premature rupture of the membranes 


Arne Ohlsson, MD, and Elaine Wang, MSc, MD” 
Toronto, Ontario, Canada 


The purpose of this study was to critically review published studies regarding sensitivity, specificity, and 
positive and negative predictive values of antenatal tests to diagnose chorioamnionitis or fetal-neonatal 
sepsis in preterm premature rupture of the membranes. A Medline Data-Base computer program search 
from 1980 to 1988 identified 39 studies, 23 of which were accepted after independent review with preset 
criteria. An ideal test to predict chorioamnionitis or neonatal sepsis was not found. The low success 

rate for amniocentesis and the need for repeat taps preclude the acceptance of tests on the basis of 
amniotic fluid. Single, small studies, the precision of which has never been tested, show good indices for 
repeatedly increased serum levels of C-reactive protein (>20 mg/L), a high level of C-reactive protein >40 
mg/L, or a day-to-day coefficient of variation for C-reactive protein of >30% in the prediction of histologic 
or clinical chorioamnionitis. Ultrasonographic observation of fetal activity, if published study results are 
confirmed, may be of value to predict amniotic fluid bacterial colonization. (AM J OBSTET GYNECOL 


1990;162:809-18.) 


Key words: Fetal membranes, premature rupture, preterm, chorioamnionitis, amniocentesis, 


ultrasonographic diagnosis, fetus-infant, sepsis 


Preterm premature rupture of the membranes 
(PROM) occurs in approximately 1% of all pregnan- 
cies.’ It is associated with 30% to 40% of preterm births 
and is one of the most common underlying causes of 
preterm delivery and perinatal death.** 

Current trends favor expectant management in an 
effort to maximize the benefits of increasing fetal ma- 
turity and avoid potential harm to the fetus and mother. 
Maternal-fetal infection and fetal distress as a result of 
cord complications or abruptio placentae*’ may occur, 
or respiratory distress syndrome as a result of pre- 
mature delivery despite expectant management may 
occur. Infection acquired in utero is a major threat 
to the fetus in pregnancies complicated by preterm 
PROM. In one neonatal unit, congenital infection was 
associated with a 50% mortality rate.* Deformations and 
pulmonary hypoplasia may develop if preterm PROM 
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occurs before 28 weeks’ gestation and is associated with 
marked oligohydramnios.* '° 

The optimal management of preterm PROM as it 
relates to fetal-neonatal outcome remains a controver- 
sial issue." 

In a recently performed review, no evidence was 


. found from published randomized controlled trials for 


the use of tocolysis or prophylactic antibiotics in pre- 
term PROM.” The use of antenatal steroids in preterm 
PROM significantly decreases the risk of respiratory 
distress syndrome, significantly increases the risk of en- 
dometritis, and is associated with a trend toward an 
increase in neonatal infections.’ Perinatal mortality 
rates in preterm PROM are not significantly reduced 
by the use of antenatal steroids.” The risks of both 
respiratory distress syndrome and infection decrease 


. as the duration of membrane rupture increases, as the 


gestational age at rupture of the membranes increases, 
and as the gestational age at delivery increases, which 
supports an expectant approach to the management of 
preterm PROM." However, the mortality rate has been 
observed to be 7 times higher from neonatal bacterial 
infection (36%) than from respiratory distress syn- 
drome (5%). Chorioamnionitis is associated with a 
fourfold increase in neonatal mortality.” 
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Table I. Inclusion criteria 





1. At least part of the study population was pregnant 
women with preterm PROM. Preterm was defined as 
a gestation of <37 completed weeks. Premature rup- 
ture of the membranes was defined as rupture of the 
membranes before onset of labor and was diagnosed 
by vaginal pooling of Nitrazine-positive fluid in the 
vagina. : 

2. The test under study was not part of an intervention. 
Interpretation of the test and establishment of the 
true diagnosis were done independently. 

3. An appropriate gold standard was used. The follow- 
ing gold standards were accepted: 

a. Clinical chorioamnionitis as defined by Gibbs’? 
(two or more of the following: fever, maternal and 
fetal tachycardia, uterine tenderness, foul odor, 
and peripheral blood leukocytosis) 

b. Histopathologic chorioamnionitis 

Amniotic fluid culture 

. Congenital neonatal sepsis defined as a clinical 
condition compatible with systemic infection and 
positive cultures from blood, cerebrospinal fluid, 
or urine obtained during the first 48 hours after 
birth 

4. Enough information should be presented in the study 
so that sensitivity, specificity, and positive and nega- 
tive predictive values could be calculated. 


eo 





Congenital infections are usually associated with ma- 
ternal infection (chorioamnionitis or sepsis). Infection 
of the chorioamnion is strongly associated with histo- 
logic chorioamnionitis and may be a cause of premature 
birth.’® Infection rate is inversely proportional to ges- 
tational age.'® 4 5 Accurate methods to predict and 
diagnose chorioamnionitis in mothers with PROM at 
any gestation would be important tools to prevent and 
diagnose early fetal-neonatal infections, and thereby 
further improve outcome.® '? 1> 16 

The objective of this study is to identify the best avail- 
able tests that will predict chorioamnionitis and neo- 
natal infectious outcome according to their sensitivity, 
specificity, and their positive and negative predictive 
values. !” ° 

The ideal test should be extremely accurate in ruling 
in and out disease, acceptable to the patient, available, 
rapid, and inexpensive. Because of evidence in support 
of a conservative approach in preterm PROM, a test 
with a high specificity may avoid unnecessary interven- 
tion on the basis of false-positive results and is therefore 
desirable. 


Methods 


Search strategy. Personal files of studies of antenatal 
tests in relation to chorioamnionitis (clinical and/or his- 
topathologic) and fetal-neonatal infections and the ref- 
erence lists in those papers were screened. Review ar- 
ticles on preterm PROM since 1980 were searched for 
references on the present topic. 

The Medline Data-Base computer program was 
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searched in October 1988 from 1983 with the use of 
the following key words: fetal membranes, premature 
rupture and preterm, endometritis, chorioamnionitis, 
bacterial infections, fetus or infant, newborn or puer- 
perium with and without the specific tests (C-reactive 
protein, amniocentesis, amniotic fluid, ultrasonic di- 
agnosis or ultrasonics, esterase, fetal monitoring, and 
fetal viability). 

Because this approach did not identify all the ref- 
erences in the personal file, a second Medline Data- 
Base computer program search from 1980 was per- 
formed in November 1988, with the use of the follow- 
ing key words: fetal membranes, premature rupture, 
and chorioamnionitis. 

Index Medicus was searched manually from January 
to September 1988, under the headings of amnio- 
centesis, amniotic fluid, chorioamnionitis, fetal mem- 
branes (premature rupture), fetal monitoring, and fetal 
movement. 

The identified references were subjected to review 
by two independent reviewers with training in clinical 
epidemiology with a preset form. A study was examined 
only if the inclusion criteria in Table I were met. As 
noted, the diagnostic test must be assessed indepen- 
dently from the outcome of interest. This is to avoid 
bias such as diagnostic suspicion bias, which may im- 
prove sensitivity and specificity. Thus, intervention 
studies were purposely excluded if the diagnostic test 
resulted in maneuvers that may have affected ultimate 
outcomes. It is recognized that such studies provide 
other important information about test performance 
characteristics. Frequently several tests or outcomes 
were reported in the same study, but only those tests 
in a study that met the inclusion criteria are presented. 

Test characteristics. Sensitivity, specificity, positive 
predictive value, negative predictive value, and prev- 
alence were calculated for each test. The most impor- 
tant characteristics of a test for the practicing clinician 
are the positive predictive value and the negative pre- 
dictive value, which define the ability -of the test to rule 
in (positive predictive value) or out (negative predictive 
value) the diagnosis under study.” Sensitivity and spec- 
ificity are considered to be stable properties in most 
tests and tend not to change when different propor- 
tions of diseased and well subjects are tested.’* How- 
ever, for a given sensitivity and specificity positive 
predictive value, negative predictive value, and accu- 
racy vary with changes in the prevalence of the con- 
dition.'” '* For instance, with decreasing prevalence of 
the outcome under study the positive predictive value 
of the test will decrease.’ There are no conventional 
guidelines as to what can be considered excellent sen- 
sitivity, specificity, positive predictive value, and nega- 
tive predictive value. These characteristics of the test 
must also be assessed with the knowledge of their prac- 
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Table II. Excluded studies 
Reference 


No. First author. Test 


26 Hoskins Leukocyte esterase 

29 Romem C-reactive protein 

31 Evans C-reactive protein 

36 el-Mekhavi C-reactive protein 

37 Potkul C-reactive protein 

42 Vintzileos Nonstress test 

43 Vintzileos Fetal biophysical profile 
44 Augustsson Fetal breathing 

46 Vintzileos Fetal breathing 

47 Moberg Fetal heart rate 

49 Spinnato - Amniocentesis 

50 Feinstein Amniocentesis . 

52 Gonik Amniocentesis 

54 Cotton Amniocentesis 

55 Cotton Amniocentesis 

57 Morales Test for group B streptococcus 
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Reason. for exclusion 


Different patient population from target population 
Established normal values throughout pregnancy 
Unacceptable gold standard 

Different patient population from target population 
Not target population 

Test and outcome not independently assessed 

Test and outcome not independently assessed 

Did not examine infectious outcome 

Test and outcome not independently assessed 

Did not examine infectious outcome 

Intervention study 

Intervention study 

Review 

Intervention study 

Intervention study 

Intervention study 


Table IXI. White blood cell count, band count, erythrocyte sedimentation rate, and chorioamnionitis 









Reference 


No. Gold standard 





30 52 > 12,500 white Histologic cho- 
blood cells/mm? rioamnionitis 
33 100 White blood celis Histologic cho- 
increased 30% rioamnionitis 
antepartum 
over baseline 
< values 
33 100 White blood cells Clinical cho- 
increased 30% rioamnionitis 
antepartum 
over baseline 
values 
28 51 16,000 white Clinical cho- 
blood cells/mm? rioamnionitis 
30 52 Bands 10% Histologic cho- 
rioamnionitis 
28 51 Bands 10% Clinical cho- 
rioamnionitis 
30 52 Erythrocyte sedi- Histologic cho- 
mentation rate rioamnionitis 


>60 mm/hr 


ticality, acceptability, and cost. The relative importance 
of a certain test characteristic will also vary with ges- 
tation in preterm PROM. At a higher gestation (i.e., 
>32 weeks) the ideal screening test would have a very 
high sensitivity and a lower specificity would be ac- 
ceptable in view of the low risk for noninfectious mor- 
bidity. 

It should be noted that when the prevalence is low, 
as it is with clinical chorioamnionitis or neonatal infec- 
tion, a negative predictive value must be very high (i.e., 
greater than “pretest” probability of normality) to in- 
diate a useful test in ruling out the disease. Positive 
predictive value need only be significantly better than 
the prevalence to make the test worthwhile. 

Gold standards, In a review of predictors for infec- 




















Positive 
predictive 
Sensitivity | Specificity value 

(%) (%) (%) 


Negative 
predictive 
value 


(%) 











Prevalence 





80.8 61.5 67.8 76.2 0.50 
23.0 86.0 75.0 40.0 0.63 
47.0 85.0 ` 40.0 89.0 0.18 
28.6 95.5 50.0 89.4 0.14 
53.9 76.9 70.0 62.5 0.50 
42.9 97.7 75.0 91.5 0.14 
65.4 100.0 


100.0 74.3 0.50 


tion in preterm PROM Fisk” stressed the lack of a gold 
standard for diagnosing infection. On the basis of re- 
ports of false-positive diagnosis of clinical amnionitis 
with negative placental pathology he considered clinical 
chorioamnionitis inaccurate as a gold standard. Rom- 
ero et al.” stressed that there is little value in the use 
of a test to confirm a clinically obvious diagnosis such 
as clinical chorioamnionitis. Despite these shortcomings 
we accepted clinical chorioamnionitis as a gold standard 
for this review. 

Fisk” accepted histopathologic evidence of acute dif- 
fuse chorioamnionitis as a definite marker of infection, 
realizing that it occurs much more frequently than ei- 
ther clinical chorioamnionitis or neonatal sepsis. Posi- 
tive bacterial culture from amniotic fluid equals only 
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Table IV. C-reactive protein (laser nephelometry method) 




















Reference 
No. 


No. of 


atients mgiL Gold standard 
p g 





























Positive Negative 
predictive | predictive 
Sensitivity | Specificity value value 
(%) (%) (%) (%) Prevalence 








30 52 12.5 ‘Histologic cho- 88.5 96.2 95.8 89.3 0.50 
i rioamnionitis - 
32 24 20 Histologic cho- 80.0 68.4 . 40.0 92.9 0.21 
rioamnionitis 
33 100 20 Histologic cho- 67.0 81.0 90.0 50.0 0.63 
rioamnionitis 
34 51 20 Histologic cho- 50.0 81.0 79.0 53.1 0.59 
rioamnionitis 
34 27 20 within Histologic cho- 91.7 80.0 78.6 92.3 0.44 
12 hr of rioamnionitis 
delivery 
34 51 40 “Histologic cho- 36.7 100.0 100.0 52.5 0.59 
i rioamnionitis j l 
34 27 40 within Histologic cho- 75.0 100.0 100.0 83.3 0.44 
12 hr of rioamnionitis . 
delivery - ; 
32 31 20 Clinical cho- 55.6 72.7 45.5 80.0 0.29 
rioamnionitis 
28 51 20 Clinical cho- 85.7 81.8 42.9 97.3 0.14 
rioamnionitis 
33. 100 20 Clinical cho- 82.0 55.0 36.0 91.0 0.18 
rioamnionitis 
35 85 20 Clinical cho- 60.0 64.0 10.0 96.0 0.07 
rioamnionitis ` , 
28 16 Day-to-day Clinical cho- 100.0 100.0 100.0 100.0 0.44 
coeffi- rioamnionitis 
cient of 
variation 
>30% 3 . 
35 97 Positive Clinical cho- 88.0 44.0 12.0 98.0 0.08 
latex rioamnionitis 
(=8 
mg/L 
with 
laser 
~ method) 
bacterial colonization. However, others have noted the Results 


association between recovery of organisms from the 
chorioamnion and histologic chorioamnionitis. 

Neonatal sepsis as defined in Table I is an acceptable 
gold standard. However, congenital neonatal sepsis is 
usually a Jate manifestation of the infectious process 
associated with preterm PROM and carries a mortality 
rate of at least 50% despite appropriate postnatal treat- 
ment. Ideally, one would therefore like to diagnose the 
fetus at risk of infection and intervene before fetal sep- 
sis occurs. 

Possible neonatal sepsis was not accepted as a gold 
standard in this review as the definition used by Vint- 
zileos et al.” and others” ™ is likely to result in over 
diagnosis. Others have proposed a stricter definition 
of the term probable infection to avoid too much 
overcall.'* ° The term infectious outcome as used by 
Vintzileos et al.” includes “possible neonatal sepsis” and 
therefore was rejected as a gold standard. A combi- 
nation of maternal and neonatal “infectious morbidity” 
was not accepted as a gold standard. 


Thirty-nine studies were identified for review?!**; 23 
were accepted for inclusion and 16 were excluded.* 
The excluded studies and the reasons for their exclu- 
sion are listed in Table II. 

Data from 22 of the 23 accepted studies are presented 
in Tables IJ to X. The results with regard to different 
tests are presented under separate headings. 

Tests performed on maternal blood 

White blood cell count, differential count, band count, and 
erythrocyle sedimentation rate. Daily total white blood cell 
count, differential count, and band counts are usually 
performed on mothers with preterm PROM. As out- 
lined in Table III,?* °° although these tests generally 
have a high specificity, they have low sensitivity and 
positive predictive value for both histologic and clinical 
chorioamnionitis. In one study of 52 patients (26 nor- 
mal and 26 with chorioamnionitis) an erythrocyte sedi- 
mentation rate >60 mm/hr had a high specificity and 


*26, 29, 31, 36, 37, 42-44, 46,47, 49, 50, 52, 54, 55, 57 
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Table V. Bacterial colonization of amniotic fluid and clinical chorioamnionitis 













Positive | Negative 
predictive | predictive 
Reference | No. of Sensitivity | Specificity value value 
No. patients Gold standard (%) (%) Prevalence 


























53 29 Gram stain or Clinical chorio- 66.7 85.0 66.7 85.0 0.31 
culture amnionitis 
56 30 Culture Clinical chorio- 85.7 86.9 66.7 95.2 0.23 


amnionitis 








Table VI. Analysis of amniotic fluid for bacteria by gram stain or microscopy for white blood cells 























Positive 
predictive 
value 






Negative 
predictive 
value 





Sensitivity | Specificity 













Gold standard (%) (%) Prevalence 





25 44 Gram stain Culture 53.9 83.3 82.4 55.6 0.59 
23 171 Gram stain Culture 36.2 94.7 77.8 74.3 0.34 
24* 114 Gram stain Culture 44.8 97.6 86.7 83.8 0.25 
24t 114 Gram stain Culture 51.7 96.5 83.3 85.4 0.25 
51 53 Gram stain Culture 60.0 -94.7 81.8 85.7 0.28 
27 18 Microscopy >2 white blood - Culture 80.0 92.3 80.0 92.3 0.28 


cells per oil immersion 
field x 1000 





*Upspun sample. 
Spun sample. 


Table VII. Leukocycte esterase test 































Positive Negative 
predictive predictive 
Reference i Sensitivity Specificity value value 
No. patients Gold standard (%) (%) (%) (%) Prevalence 









25 44 Culture 80.8 100.0 100.0 78.3 0.59 
23 171 Culture 19.0 86.7 - 42.3 67.6 0.34 
27 20 Culture 83.3 85.7 71.4 92.3 5 0.30 
23 171 Clinical chorioamnionitis 8.3 84.3 3.9 92.4 0.07 





positive predictive value of 100%, but the sensitivity 
and negative predictive value for histologic chorioam- 
nionitis was only 65% and 74%, respectively.” 
C-reactive protein. C-reactive protein is a substance in 
. serum that reacts with somatic C-polysaccharide of 
pneumococci in vitro. It is a beta globulin that occurs 
.frequently in markedly increased amounts in sera of 
patients with inflammatory, neoplastic, or necrotizing 
processes. The laboratory test for the presence of C- 
reactive protein constitutes a nonspecific test for the 
presence of inflammation or tissue injury.® Six studies 
regarding C-reactive protein were included in this re- 
view (Table IV). %° 395 As can be seen in Table IV, 
considerable variation in the sensitivity and specificity 
of these tests is reported by different authors. This may 
be because of the use of different cut-off points for 
abnormal values (12.5 to 40 mg/L), different methods, 
or different gold standards. Fisk et al.,** in a blinded 
prospective study with a membrane roll—technique to 
diagnose histopathologic chorioamnionitis,” reported 
100% specificity and positive predictive value but low 


sensitivity and negative predictive value for a cut-off 
level of 40 mg/L. Fisk et al.* also found that C-reactive 
protein elevation often preceded delivery or clinical 
infection by several days. A total of 13 of 14 patients 
with two daily estimations >20 mg/L and 12 of 13 with 
consecutive estimations >20 mg/L had histologic cho- 
rioamnionitis. In a study of 16 patients Romem and 
Artal** found that a day-to-day coefficient of variation 
for C-reactive protein of >30% was 100% accurate 
in the prediction of clinical chorioamnionitis during 
follow-up. 

Tests performed on amniotic fluid. The reported 
success rate for obtainment of fluid by amniocentesis 
varies from 45.0% to 96.9%.* 

Analysis of amniotic fluid for bacteria by Gram stain or for 
white blood cells by microscopy in relation to positive culture- 
clinical chorioamnionitts, Gram stain has a moderately low 
sensitivity for clinical chorioamnionitis (Table V). 

As outlined in Table VI, > Gram stain has low 


*24, 27, 33, 45, 50, 51, 53, 55, 56 
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Table VIII. Gas-liquid chromatography 
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Reference 


No. Gold standard 





58 38 


Abnormal gas liquid Culture 
chromatography 
pattern 

Presence of acetate 

Abnormal gas liquid 
chromatography 
pattern 


59 47 
21 25 


Culture 
` Culture 








sensitivity but high specificity and positive predictive 
value with respect to results of amniotic fluid culture. 
Identification of more than two white blood cells per 
oil immersion field x 1000 was found to be more sen- 
sitive with a high negative predictive value in ruling 
out a positive culture and in maintaining high specificity 
and positive predictive value, according to one study.” 
The culture result was quite sensitive and specific for 
clinical chorioamnionitis (Table V).*° 

Leukocyte esterase test. The leukocyte esterase activity 
reflects the presence of white blood cells in a biologic 
fluid and the test was initially developed to detect py- 
uria.” Test strips that change color in the presence of 


leukocyte esterase are commercially available and can . 


be read within minutes after exposure to amniotic fluid. 
Three studies that correlate positive leukocyte esterase 
test with either positive amniotic fluid culture or clinical 
chorioamnionitis were identified (Table VII). %5 %7 
Specificity was consistently high but sensitivity varied 
from a low of 8.3% to 83.3% in the different studies. 
Gas-liquid chromatography. Bacteria produce metabo- 
lites such as volatile fatty acids and nonvolatile organic 
acids that are detectable in body fluids by gas-liquid 
chromatography. The excellent indices presented by 
Gravett et al.® have not been reproduced by two other 
groups (Table VIII). *° 
Fibronectin in amniotic fluid. Fibronectin describes a 
family of high molecular weight glycoproteins that are 
present on many cell surfaces, in extra cellular fluids, 
in connective tissues, and in most basement mem- 
branes. Its biologic activities include regulation of cell 
adhesion, spreading, and locomotion.” Fibronectin cir- 
culates in plasma where it helps to maintain vascular 
integrity and promotes reticuloendothelial clearance of 
particulate matter. Decreased levels of fibronectin in 
neonates are thought to be one of the abnormalities of 
their host defense system.” f 
One study (N = 30) that correlates amniotic fluid 
concentrations of fibronectin with intraamniotic infec- 
tion has been published.“ A decrease in fibronectin 
was studied with positive amniotic fluid culture as 
gold standard. No difference was found in the concen- 
trations of fibronectin in the amniotic fluid in the in- 




















Positive 
predictive 
value 


(%) 


Negative 
predictive 
value 


(%) 










Sensitivity 


(%) 


Specificity 


(%) Prevalence 


93.3 91.3 87.5 95.5 0.40 
66.7- 73.7 37.5 90.3 0.19 
28.6 55.6 20.0 66.7 0.28 





fected (mean + SD = 26.1 + 13.1 mg/nl) versus non- 
infected group (mean + SD = 25.4 + 12.9 mg/nl). 

Noninvasive tests with ultrasonographic techniques 

Ulirasonographically estimated amniotic fluid pocket of 
<1 X 1 cm. The sensitivity and specificity of this test 
are only moderately good and the negative predictive 
value is not much better than without the test. The 
positive predictive value is much better than the prev- 
alence but not high enough to warrant the high risk of 
a false-positive test result (Table 1X).**“° 

Biophysical profile score. The biophysical profile score 
consists of six variables: fetal heart rate, fetal move- 
ments, fetal breathing, fetal tone, amniotic fluid vol- 
ume, and placental grading. Each biophysical variable 
is scored 2, 1, or 0. The maximal score is 12 and the 
minimal is 0.*! Published data show high sensitivity, 
specificity, and negative predictive value but low posi- 
tive predictive value for both neonatal sepsis and cho- 
rioamnionitis (Table X).***! The low positive predictive 
values are related to the low prevalence of these con- 
ditions. , 

Assessment of fetal activity (breathing-fetal body move- 
ments). Goldstein et al.” studied fetal body and breath- 
ing movements with ultrasonography. The absence of 
an episode of fetal activity (body movements or breath- 
ing movements) of =30 seconds during 30 minutes of 
observation had a 100% sensitivity, 81% specificity, 
83.0% positive predictive value, and 100% negative 
predictive value in the prediction of positive bacterial 
culture of amniotic fluid (Table IT). An episode of fetal 
activity (body movements and breathing movements) 
of 230 seconds during 30 minutes of observation was 
associated with the absence of intraamniotic infection 
in 100% of the cases. If an episode of fetal breathing 
movements was present but lasted =30 seconds or the 
total time of gross body movements was >50 seconds, 
64% of patients had an intraamniotic infection.* 

It should be noted that the prevalence for positive 
amniotic fluid culture was high (49%). Survival analysis 
to establish the infection-free interval indicated that 
90% (+3%) of fetuses that exhibited one episode of 
fetal activity of >30 seconds had a negative amniotic 
fluid culture for at least 48 hours. 
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Table IX. Ultrasonographically estimated amniotic fluid pocket of <1 xX 1 cm on hospital admission 

















Posttive Negative 
predictive predictive 
Reference No. of Sensitivity Specificity value value 
No. patients Gold standard (%) (%) (%) Prevalence 
38 54 Clinical chorioamnionitis 50.0 87.5 33.3 93.3 0.11 
39 90 Clinical chorioamnionitis 56.3 86.5 47.4 90.1 0.18 
40 39 Clinical chorioamnionitis 72.7 67.8 47.1. 86.4 0.28 
38 54 Neonatal sepsis 75.0 88.0 33.3 97.8 0.07 
39 90 Neonatal sepsis 75.0 84.2 31.6 97.2 0.09 
40 39 Neonatal sepsis ` 50.0 57.6 17.7 86.4 0.15 


Table X. Fetal biophysical profile—fetal behavior 

























Positive | Negative 


















predictive | predictive 
Reference Sensitivity | Specificity value value 
No. Gold standard (%) (%) (%) (%) Prevalence 






22 53 Biophysical profile score Neonatal sepsis 100.0 83.0 47.0 100.0 0.13 
=7 <24 hr before 
delivery 

22 53 Biophysical profile score Clinical chorio- 90.0 86.0 60.0 97.0 0.19 
<7 <24 hr before amnionitis 
delivery 

41 58 Biophysical profile score Clinical chorio- 66.7 82.7 30.8 95.6 0.10 

i <7 <24 hr before amnionitis 

delivery 

41 58 Biophysical profile score Neonatal sepsis 80.0 83.0 30.8 97.8 0.09 
<7 <24 hr before 
delivery 

45 41 No episode of fetal ac- Amniotic fluid 100.0 81.0 83.0 100.0 0.49 
tivity (body move- culture 


ments or fetal breath- 
ing movements) of 
230 sec during 30 
min of observation 





Comment of obtaining amniotic fluid. 5 3 38 Taps also have 
“Clinical investigations of the efficacy of diagnostic to be repeated frequently to assure that bacterial 
tests have often produced misleading results so that colonization-infection has not occurred since the pre- 
tests initially regarded as valuable were later rejected ceding amniocentesis. In a randomized controlled trial 
as worthless.”** The values attained for the four indices of conservative versus aggressive management (amnio- 
sensitivity, specificity, positive predictive value, and centesis) of preterm PROM, one neonate in the am- 
negative predictive value can be distorted by two types niocentesis group died at 11 hours of age of over- 
of problems: (1) the patient population included in a whelming group B streptococcal sepsis despite negative 
study and (2) bias in assessment of the result and the amniotic fluid Gram stain and culture six days before 
state of the disease. The sensitivity of a test should be delivery.” 
examined in a broad range of patients with the disease The most promising tests appear to be C-reactive 
and the specificity of a test in a broad range of patients protein and observation of fetal behavior with real-time 
without the disease. Unless the interpretation of the ultrasonographic technique. The best available test that 
test and the establishment of the true diagnosis are can be performed on maternal blood is C-reactive pro- 
performed independently, bias may falsely elevate the tein (Table V). However, as for all other tests, the vari- 
test’s accuracy." Although the interpretation of the tests ability in the results obtained by different groups is 
and establishment of the diagnosis were stated to be striking. A high serum level of C-reactive protein (>40 
made independently in the accepted studies, the cli- mg/L, measured by nephelometry) or two daily esti- 
nicians were not always blinded to the test results. mations >20 mg/L appear to be the best indicators of 
It is evident from the data presented in the Results histopathologic chorioamnionitis.*‘ With 100% positive 
section that there is no ideal test available to diagnose predictive value and specificity, intervention on the ba- 
_ infection in preterm PROM. The main shortcoming sis of the test would not lead to the untimely delivery 


of tests on the basis of amniocentesis is the difficulty of a neonate in the absence of histopathologic cho- 
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rioamnionitis.™ A high specificity of the test is especially 
important in gestations <32 weeks, when noninfectious 
morbidity is high. In a small study of 16 patients a day- 
to-day coefficient of variation >30% in the C-reactive 
protein level between 2 days showed good sensitivity, 
excellent specificity, positive predictive value, and neg- 
ative predictive value for clinical.chorioamnionitis, a 
less ideal gold standard than histologic chorioamnio- 


nitis. However, the precision of this test has to be . 


confirmed by other groups because only single reports 
of studies with small numbers are available for a certain 
cut-off point for C-reactive protein. 

How good maternal serum levels of C-reactive pro- 
téin are in the prediction of congenital neonatal sepsis 
has never been tested. C-reactive protein reflects the 


mother’s response to inflammation. Fisk et al.“ did not — 


find a correlation between the degree of histologic cord 
inflammation and maternal C-reactive protein levels. 
There are no published intervention studies on the 
basis of C-reactive protein levels and the resulting ma- 
ternal and neonatal infectious morbidity. 

The sensitivity of ultrasonographically estimated am- 
niotic fluid volume <1 x 1 cm is too low and the spec- 
ificity too variable to be of clinical use in the prediction 
of clinical chorioamnionitis or neonatal sepsis (Table 
IX). A biophysical profile score <7 has better sensitivity 
for neonatal sepsis and clinical chorioamnionitis, but 
still too low positive predictive value to be acceptable 
in the clinical setting (Table X). The lack of fetal body 
movements or fetal breathing movements for >30 sec- 
` onds during 30 minutes of observation by ultrasonog- 
raphy was found in one study® to be highly accurate 
in the prediction of positive amniotic fluid culture 


(Table X). It should be noted that the prevalence for’ 


positive amniotic fluid culture was high (49%). The 
mechanism by which intraamniotic infection leads to 
behavioral changes is not known. On the basis of un- 
published data by their own group, the authors“ sug- 
gest a role of interleukin-1 secreted by the fetus in 
response to bacterial products. They noted elevated 
levels of interleukin-1 in the amniotic fluid of patients 
with intraamniotic infection and decreased fetal activ- 
ity. The encouraging results of this study should be 
confirmed by other groups before ultrasonographic 
evaluation of fetal activity can be recommended as a 
screening test for infection in preterm PROM. Studies 
of interventions on the basis of fetal activity also have 
to prove that maternal and fetal-neonatal infectious 
morbidity-mortality improve. 

In summary, an ideal test that can predict maternal 
or fetal-neonatal infectious morbidity was not identi- 
fied in this analysis. Clinical chorioamnionitis has 
limited value as a gold standard. A stricter definition 
of “possible-probable neonatal sepsis-infection” is rec- 
ommended.” Single studies of maternal serum C- 
reactive protein levels and fetal activity evaluated by 
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ultrasonographic techniques deserve further evalua- 
tion. If the precision of these tests is confirmed, clinical 
trials of interventions on the basis of these tests should 
be conducted. The outcomes of these trials will be the 
incidence of maternal and neonatal infectious morbid- 
ity and mortality. 


REFERENCES 


l. Gibbs RS, Blanco JD. Premature rupture of the mem- 

branes. Obstet Gynecol 1982;60:671-9. 

. Naeye RL. Causes of perinatal mortality in the U.S. Col- 

laborative Perinatal Project. JAMA 1977;237:228-9. 

. Kaltreider FD, Kohl S. Epidemiology of preterm delivery. 

Clin Obstet Gynecol 1980;23:17. 

. Arias F, Tomich P. Etiology and outcome of low birth 

weight and preterm infants. Obstet Gynecol 1982;60:277. 

5. Stubblefield PG. Causes and prevention of preterm birth: 
an overview. In: Fuchs F, Stubblefield PG, eds. Preterm 
birth causes, ‘prevention and management. New York: 
Macmillan, 1984:16. 

6. Gunn GC, Mishell DR, Morton DG. Premature rupture 
of the fetal membranes. AM J OBsTET GYNECOL 1970; 
106:469-83. 

7. Vintzileos AM, Campbell WA, Nochimson DJ, Weinbaum 
PJ. Preterm premature rupture of the membranes: a risk 
factor for the development of abruptio placentae. AM J 
OBSTET GYNECOL 1987; 156:1235-8. 

8. Ohlsson A, Vearncombe M. Congenital and nosocomial 
sepsis in infants born in a regional perinatal unit: cause, 
outcome and white blood cell response. AM | OBSTET GY- 
NECOL 1987; 156:407-13. 

9. Nimrod C, Varela-Gittings F, Machin G, Campbell D, Wes- 
enberg R. The effect of very prolonged membrane rup- 
ture of fetal development. AM J OBSTET GYNECOL 
1984; 148:540-3.. 

10. Thibeault DW, Beatty EC, Hall RT, Bowen SK, O'Neill 
DH. Neonatal pulmonary hypoplasia with premature rup- 
ture of fetal membranes and oligohydramnios. J Pediatr 
1985; 107:273-7. 

11. Capeless EL,- Mead PB. Management of preterm pre- 
mature rupture of membranes: lack of national consen- 
sus. AM J OBSTET GYNECOL 1987;157:11-2. 

12. Ohlsson A. Treatments for preterm premature rupture 
of the membranes. AM J OBSTET GYNECOL 1989; 160:890- 
906. 

13. Hannah M, Ohlsson A. Preterm premature rupture of 
membranes: the risk of respiratory distress syndrome ver- 
sus the risk of infection. In: Proceedings of the forty-fifth 
annual meeting of the Society of Obstetricians and Gy- 
naecologists of Canada. Quebec City, Canada, 1989. 

14. Morales WJ. The effect of chorioamnionitis on the de- 
velopment outcome of preterm infants at one year. Obstet 
Gynecol 1987;70: 183-6. 

15. Hillier SL, Martius J, Krohn M, Kiviat N, Holmes KK, 
Eschenbach DA. A case-control] study of chorioamniotic 
infection and histologic chorioamnionitis in prematurity. 
N Engl J Med 1988;319:972-8. 

16. Ohlsson A, Shennan AT, Rose TH. Review of causes of ` 
perinatal mortality in a regional perinatal center 1980- 
1984. AM J OBSTET GYNECOL 1987;157:443-5. . 

17. Sackett DL, Haynes RB, Tugwell P. Clinical epidemiology. 
Little, Brown & Co. Toronto 1985. 

18. Grant A, Mohide P. Screening and diagnostic tests in an- 
tenatal care. In: Enkin M, Chalmers I, eds. Effectiveness 
and satisfaction in antenatal care. Philadelphia: Spastics 
International Medical Publications. Lippincott, 1982:22- 
59. 

19. Gibbs RS, Castillo MS, Rodgers PJ. Management of acute 
chorioamnionitis. AM J OBSTET GYNECOL 1980;136:709- 
18. 

20. Fisk NM. Modifications to selective conservative manage- 


faan Qə N. 


Volume 162_ 
Number 3 


21. 


22, 


23. 


ment in preterm premature rupture of the membranes. 
Obstet Gynecol Survey 1988;43:328-34. 
Romero R, Scharf K, Mazor M, Emamian M, ‘Hobbins JC, 


Ryan JL. The clinical value of | gas- liquid chtomatography ; 


in the detection of intraamniotic microbial i invasion, Ob; 
stet Gynecol 1988;72:44-50. 

Vintzileos AM, Campbell WA, _Nochimson DJ; Connolly 
ME, Fuenfer MM, Hoehn GJ. The fetal biophysical profile 


in patients with premature rupture of membranes—an' 
early predictor of fetal infection..AM J OBSTET GYNECOL Poo 


1985;152:510-6. 


Romero R, Emamian M, Wan M; et ap The vala of the : : 
. * 43, 


- leukocyte esterase test: in diagnosing i intraamniotic infec- 


24. 
25. 
26. 


27. 
28. 
29. 


30. 
31. 


32. 


- 33. 
34. 
35. 
36. 
37. 


38. 


39. 


tion. Am J Perinatol 1988;5:64-9. 


Romero R, Emamian M, Quintero R, et al. The vaie and’ 
limitations of the Gram stain examination in the diagnosis - 


of intraamniotic infection. AM J] OBSTET GYNECOL 1988; 
159:114-9. 
Egley CC, Katz VL, Herbert WNP. Leukocyte esterase: a 


simple bedside test for the detection of bacterial coloni- -` + . 
zation of amniotic fluid. ‘AM J OBSTET GYNECOL 1988; ` 


159:120-2. 


Hoskins IA, Johnson TRB, Winkel CA. Leukocyte ester- ` 


ase activity in human amniotic fluid for the rapid detection 


of chorioamnionitis. AM J OBSTET GYNECOL, 1987; 157: : 


730-2. 


Fisk N. A dipstick test for inten in preterm premature l 
., Tupture of the membranes. J Perinat Med 1987515: 


565-8. 


Romem Y, Artal R. C-reactive protein asa pedas for ` 
chorioamnionitis in cases of premature rupture of the .- 


membranes. AM J OBSTET GYNECOL. 1984; 150:546-50. 
Romem Y, Artal R. C-reactive protein in pregnancy and 


151:380-3. 


Hawrylyshyn P, Bernstein’ P, Milligan JE, Soldin S, Pollard a 


A, Papsin FR. Premature rupture of membranes: the role 
of C-reactive protein in the prediction of chorioamnio- 
nitis. AM J OBSTET GYNECOL 1983;147:240-6. 


Evans MI, Hajj SN, Devoe LD, Angerman NS, Moawad' 
AH. C-reactive protein as a predictor of infectious mor-` 
bidity with premature rupture of the membranes. AM. Je 


OBSTET GYNECOL 1980;138:648-52. - 


Farb HF, Arnesen M,,. Gesitler P,, Knox-GE. Creav 
protein.with premature rupture of membranes ‘and pre: : 


mature labor. Obstet Gynecol 1983;62:49-51. 


Ismail MA, Zinaman MJ, Lowensohn RI, Moawad AH. ` ` 
The significance of C-reactive protein levels in women’ __ 
with premature rupture of membranes. AMJ OBSTET GY-; 


NECOL 1985;151:541-47 


Fisk NM, Fysh J, Child AG, ‘Gatenby PA, Jeffery H, Brad 
field AH. Is C-reactive protein really useful in preterm `’ 
premature rupture of the membranes? BrJ Obstet. GY, 


naecol 1987;94:159-64.` 


Ernest JM, Swain M, Block SM, Nelson’ LH, Hatjis CG, S 


Meis .PJ..C-reactive protein: a limited test for managing 
patients with preterm labor or preterm rupture of mem- 
branes? AM J ỌBSTET. GYNECOL 1987;156:449-54. : 


el-Mekkawi TM, Abdel Aziz AA, el- -Shiemy RE, Abdel”: . 


Rahman S, Otaifi G. C-reactive protein as.a predictor-of 


chorioamnionitis with. rupture of membranes. J Egypt : 


Public Health Assoc 1985;60:287-99: 


Potkul RK, Moawad AH, Ponto KL: The association. of 3 
subclinical infection with preterm labor: the role of. C- ~ 


reactive protein. AM J OBSTET GYNECOL 1985; 153:642-5. 


Vintzileos AM, Campbell: WA, Nochimson DJ, -Weinbaum . 
PJ, Escoto DT, Mirochnick MH. Qualitative amniotic fluid 


volume ‘versus amniocentesis in predicting infection in 


preterm premature rupture of the membranes. Obstet - i 


Gynecol 1986;67:579-83. 


Vintzileos AM, Campbell WA, Nochimson Dj; Weinbaum i 
PJ. Degree of oligohydramnios and pregnancy outcome . 


in patients with premature rupture of the. membranes 
Obstet Gynecol 1985; 56: 162- T.. : 


40.. 


Tests to detect infection in preterm PROM 817 


Gonik B, Boitoms SF, Cotton DB.-Amniotic fluid volume 
-asa risk factori in preterm premature rupture of the mem- 


` „branes. Obstet Gynecol 1985;65:456-9. 


41. 


42. 


Vintzileos AM, Campbell WA, Nochimson DJ; Weinbaum 


` PJ, Mirochnick MH, Escoto DT. Fetal biophysical profile 


versus amniocentesis in predicting infection in preterm 
premature rupture of the membranes. Obstet Gynecol 


- 1986;68:488-94. 


Vintzileos AM, Campbell WA, Nochimson DJ, Weinbaum 
‘PJ.. The use of the nonstress test in patients with pre- 
mature rupture of the membranes. AM J OBSTET GYNECOL 


"1986; 155:149-53. 


Vintzileos‘AM, Bors-Koefoed R, Pelegano JF, Campbell . 
WA, Rodis JF, Nochimson DJ, Kontopoulos VG. The use 
of fetal biophysical profile improves pregnancy outcome 
in premature rupture of the membranes. AM J OBSTET 
GYNECOL 1987;157:236-4Q. ~ 


. Augustsson P, Patel NB. The predictive value of fetal 


breathing. movements in the diagnosis of preterm labour. 


`. Br J Obstet Gynaecol 1987;94:860-3. 
. Goldstein I; Romero R, Merrill S, et al. Fetal body and 


: breathing’ movements as predictors of intraamniotic in- 


-fection in. preterm premature rupture of membranes. AM 
` J -OBSTET GYNECOL 1988;159:363-8. 
. Vintzileos AM, Campbell WA, Nochimson DJ, Weinbaum 
. PJ. Fetal breathing as a predictor of infection in prema- 


> ture rupture of the membranes. Obstet Gynecol 1986; 


` 47: 


`. 48. 

in the postpartum periód. AM J OBSTET GYNECOL 1985;. `- 

' 49. 

Tea premature rupture of the membranes with fetal pulmo- 
‘nary’ maturity present: a prospective study: Obstet Gy- 


G 50. 


-67:813-7; (Erratum in Obstet Gynecol 1986;68:559.) 


Moberg LJ, Garite TJ, Freeman RK. Fetal heart rate pat- 
terns and fetal distress in patients with preterm premature 
rupture of: the membranes. Obstet Gynecol 1984;64: 
60-4. 7 > 

Robert JA, Romero R, Costigan K. Amniotic fluid con- 
centrations of fibronectin and intraamniotic infection. Am 
J Perinatol 1988;5:26-8. 

Spinnato JA, Shaver DC, Bray EM, Lipshitz J. Preterm 


necol -1987;69: 196-201. 

Feinstein SJ; Vintzileos AM, Lodeiro JG; Campbell WA, 
Weinbaum PJ, Nochimson DJ. Amniocentesis with pre- 
mature rupture.of membranes. Obstet Gynecol 1986;68: 
147-52. ` 


. Broekhuizen FF, ‘Gilman M, Hamilton PR. Amniocentesis 


for Gram stain and culture in preterm premature rupture 
of the membranes. Obstet Gynecol 1985;66:316-21. 


| Gonik B, Cotton DB. The use of amniocentesis in preterm 


premature rupture of membranes. Am J Perinatol 1985; 
2:21-4. 


: Zlatnik FJ; Cruikshank DP,. Petzold CR, Galask RP. Am- . 


~ niocentesis in the identification of inapparent infection in 


54. 
T BB. 
56. 
- -amniocentesis in patients with premature rupture of 


L 5T. 


preterm patients with premature rupture of the mem- 
branes. J Reprod Med 1984;29:656-60. 


‘Cotton DB, Gonik B, Bottoms SF.. Conservative versus 


aggressive management of preterm rupture of mem- 
branes. Am J Perinatol 1984; 1:322-4. 

Cotton DB, Hill LM, Strassner HT, Platt LD, Ledger WJ. 
Use of amniocentesis in preterm gestation with ruptured 
membranes. Obstet Gynecol 1984;63:38-43. 

Garite- TJ, Freeman RK, Linzey EM, Braly P. The use of. 


membranes. Obstet Gynecol 1979;54:226-30. 
Morales WJ, Lim D. Reduction of group B streptococcal 
maternal and neonatal infections in preterm pregnancies 


_ . with premature rupture of membranes through a rapid 


<. identification test..AM,J OBSTET GYNECOL 1987;157:13-6. 
58. 


Gravett MG, Eschenbach DA, Spiegel-Brown CA, Holmes 
‘KK. Rapid diagnosis of amniotic-fluid infection by gas- 


5 liquid chromatography. N Engl J Med 1982;306:725-8. 


"59, 


60. 


Wager GP, Hanley LS, Farb HF, Knox GE. Evaluation of 
gas-liquid chromatography for the rapid diagnosis of am- 
niotic fluid infection: a‘preliminary report. AM J OBSTET 
GYNECOL 1985;152:51-6. 


_Jawetz E, Melnick JL, Adelberg EA, eds. Review of med- 


818 Ohlsson and Wang 


6l. 
62. 


63. 


64. 


ical microbiology. 17th ed. Norwalk: Appleton & Lange, 
1987:360, 

Benirschke K. Examination of the placenta. Obstet Gy- 
necol 1961;18:309-33. 

Kusumi RK, Grover PJ, Kunin CM. Rapid detection of 
pyuria by leukocyte esterase activity. JAMA 1981;245: 
1653-5. ‘ 

Finegold SM, Baron EJ, eds. Bailey and Scott’s diagnostic 
microbiology. 7th ed. St Louis: CV Mosby, ‘1986:148-9. 
Mosesson MW, Amrani DL. The structure and biological 
activities of plasma fibronectin. Blood 1980;56: 145-58. 


‘Bound volumes available to subscribers 


65. 


66. 


67. 


March 1990 
Am J Obstet Gynecol 


Hill HR, Shigeoka AO, Pincus S, Christensen RD. Intra- 
venous IgG in combination with other modalities in the 
treatment of neonatal infection. Pediatr Infect Dis 1986; 
5(suppl): 180-4. 

Ranshoff DF, Feinstein AR. Problems of spectrum and 
bias in evaluating the efficacy of diagnostic tests. N Engl 
J Med 1978;299:926-30. 

Cotton DB, Gonik B, Bottoms SF. Conservative versus 
aggressive management of preterm rupture of mem- 
branes. Am J Perinatol 1984;1:322-4. 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1990 issues from the Publisher, at a cost of $56.00 ($79.00 
international) for Vol. 162 (January-June) and Vol. 163 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 


volume. The binding is durable buckram with the JOURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact The C.V. 
Mosby Company, Circulation Department, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146-3318, USA; phone (800) 325-4177, ext. 7351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. 





BASIC SCIENCE SECTION 





Production of prostaglandin E, by human amnion in vitro in 
response to addition of media conditioned by microorganisms 
associated with chorioamnionitis and preterm labor 


R. F. Lamont, DM,’ F. Anthony, PhD,’ L. Myatt, PhD, L. Booth, MRCPath," 


P. M. Furr, FIMLS,* and D. Taylor-Robinson, MD* 
Southampton and London, England 


To examine the potential role of bacterial infection in the cause of spontaneous preterm labor, human 
amnion cells in tissue culture were exposed to medium conditioned by culturing each of 21 
microorganisms previously found in association with chorioamnionitis and preterm labor. At a final 
concentration of 0.1% bacterial conditioned medium, a significant stimulation of prostaglandin E, 
production from amnion cells was observed for this range of microorganisms. Conditioned medium 
obtained from culturing Bacteroides fragilis caused a dose-related increase in prostaglandin production, 
final concentrations of 0.02% to 0.1% being stimulatory but greater concentrations (0.1% to 10%) causing 
a progressive inhibition of prostaglandin synthesis. A similar concentration-related response in which 
stimulation was followed by inhibition occurred on addition of increasing concentrations of phosphilipase A, 
to amnion cells. These data suggest that bacterial phospholipase may release arachidonic acid from 
amnion leading to prostaglandin E, synthesis, but excessive addition of phospholipase and consequent 
increased arachidonic acid availability may give rise to substrate inhibition of cyclooxygenase enzyme and 
inhibit prostaglandin E, synthesis. Overall it appears that a wide variety of microorganisms associated with 
preterm labor may secrete phospholipase, which liberates amnion arachidonic acid for conversion to the 
oxytocic agent prostaglandin E. (Am J OBsTET GYNECOL 1990;162:819-25.) 


Key words: Prostaglandin E,, human amnion, bacterial products, chorioamnionitis, preterm 


labor 


Preterm delivery is an important cause of perinatal 
death and morbidity.' The cause of preterm labor is 
multifactorial, and there is increasing evidence that in- 
fection may be one of these factors.**® Human amnion 
cells in vitro can be stimulated to produce prostaglan- 
dins in response to the addition of bacterial products,* 
and this may be through the ability of such microor- 
ganisms to produce the enzyme phospholipase A,,° 
which liberates arachidonic acid (the obligate precursor 
of prostaglandins) from membrane phospholipids. It 
has been shown previously that whereas conditioned 
medium from cultured pathogenic bacteria could stim- 


From the Department of Human Reproduction and Obstetrics, Prin- 
cess Anne Hospital, Southampton," the Institute of Obstetrics and 
Gynaecology, Hammersmith Hospital, London,’ the Department of 
Microbiology, Southampton General Hospital, Southampton,‘ and 
the Division of Sexually Transmitted Diseases, Clinical Research 
Centre, Harrow, London.’ 

Received for publication June 2, 1989; revised October 13, 1 989; 
accepted Ocrober 27, 1989. 

Reprint requests: Ronald F. Lamont, Department of Obstetrics and 
Gynaecology, Northwick Park Hospital, Watford Road, Harrow, 
Middlesex, United Kingdom HAI 3U]. 

6/1117787 


ulate prostaglandin (PG)E, synthesis by amnion cells,° 
medium in which vaginal commensal lactobacilli had 
grown could not. To extend these findings and examine 
whether the effect was specific to certain microorgan- 
isms, we have investigated a range of 21 microorgan- 
isms found in association with preterm delivery and 
chorioamnionitis for their ability to stimulate PGE, pro- 
duction by amniotic cells. We examined whether a dose- 
response relationship existed and compared this with 
the pattern of stimulation seen on addition of the en- 
zymes phospholipase A, and phospholipase C. 


Methods 


Preparation of bacterial products. Twenty-one mi- 
croorganisms (Table I), either clinical isolates or vali- 
dated typed cultures, were obtained from the Depart- 
ment of Microbiology, Southampton General! Hospital, 
and the Division of Sexually Transmitted Diseases, 
Clinical Research Centre, Harrow, London. These mi- 
croorganisms were chosen because of their availability 
and they closely resembled the microorganisms isolated 
in association with preterm delivery and chorioam- 
nionitis in a previous clincial study.’ Listeria monocyto- 
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Table I. Microorganisms studied 


Microorganism Source 


Gram-positive cocci 





Aerobic 
S. viridans Clinical isolate 
S. faecalis Clinical isolate 


Group B hemolytic streptococcus Clinical isolate ` 
S. aureus NCTC (No. 6571) 
S. albus Clinical isolate 
Anaerobic i 
Anaerobic streptococcus 
(Peptostreptococcus putridus) 
Gram-negative rods 
Aerobic 
Coliforms 
E. coli NCTC (No. 10418) 
K. pneumoniae Clinical isolate 


NCTC 


P. mirabilis Clinical isolate * 
Haemophilus sp. i 
H. influenzae Clinical isolate 
Anaerobic 7 ` 
F. nucleatum NCTC 
B. fragilis NCTC 


Gram-positive rods 
L. monocytogenes 
L. acidophilus 
Gram-negative cocci 
N. gonorrhoeae 
Anaerobic coccus (Veillonella sp.) 
Gram-variable small pleomorphic rods 
G. vaginalis 


Clinical isolate 
NCTC 


Clinical isolate 
NCTC 


Clinical isolate 


Yeasts 

C. albicans Clinical isolate 
Others 

M. hominis CRC 

U. urealyticum CRC 

C. trachomatis CRC 


NCTC, National Collection of Type Cultures (Public Health 
Laboratory Service, London); CRC, Division of Sexually 
Transmitted Diseases, Clinical Research Centre and North- 
wick Park Hospital, Harrow, London. 


genes and Staphylococcus aureus were also studied because 
of their potential pathogenic role in preterm labor, al- 
though neither had been isolated in the clinical.study.* 

A single colony from each microorganism was in- 
oculated into 50 ml of appropriate bacteriologic liquid 
culture medium that was incubated at 37° C for between 
24 and 72 hours. After a logarithmic growth cycle, a 
plateau concentration was reached that generally co- 
incided with the use of available nutrients in the me- 
dium. In the case of rapidly growing aerobes in our 
experience in our laboratory, this resulted in approx- 
imately 10° microorganisms/ml. The final count for the 


more fastidious microorganisms, such as Neisseria gon- i 


orrhoeae and some anaerobes, was several orders of 
magnitude less. Chlamydia trachomatis was propagated 


in cycloheximide-treated McCoy cell cultures incubated ` 


at 37° C for 72 hours, after which. the supernatant me- 
dium was removed. The different microorganisms. 
were sedimented by centrifugation at 3600 rpm for 15 
minutes. Any microorganisms remaining in the super- 
natant medium were removed by filtration of the me- 
dium through a 0.22 um Millipore filter (Millipore, 
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Bedford, Mass.). Such filtration under normal pressure 
was adequate for the removal of Mycoplasma hominis, 
Ureaplasma urealyticum, and C. trachomatis. The filtrates 
were stored at —70° C in multiple aliquots until re- 
quired. After testing, an aliquot was not restored be- 
cause previous experience had shown that repeated 
thawing and freezing adversely affected media activity. 
Each culture filtrate is referred to as “conditioned” me- 
dium because the medium had sustained the growth of 
a given microorganism. As a control for each microor- 


` ganism, appropriate uninoculated medium was treated 


identically, including Millipore filtration, and is termed 
“unconditioned” medium. 

Preparation of amniotic cells. Amnion was obtained 
from four women after elective cesarean section at term 
before labor. The amnion was cut into 10 cm strips that 
were then washed in phosphate-buffered saline solu- 
tion, soaked for 10 minutes in 0.5 mmol/L ethylene- 
diaminetetraacetic acid in phosphate-buffered saline 
solution, washed’ again in phosphate-buffered saline 
solution, and suspended for 45 minutes at 37° C 
with stirring in 0.25% Dispase (Boehringer Manheim, 
Lewes, Sussex, England) in phosphate-buffered saline 
solution. The strips were removed from this enzyme 
solution, placed in tissue-culture medium 199 (Gibco 
Laboratories, St. Lawrence, Mass.) containing 10% 
horse serum, shaken vigorously to displace cells, re- 
moved, and discarded. The cell suspension was cen- 
trifuged for 10 minutes at 1000 rpm (200 g), the su- 
pernatant fluid was removed, and the cells were resus- 
pended in medium 199 containing 1.1 gm/L sodium 
bicarbonate, antibiotics (penicillin and streptomycin), 
1% L-glutamine, and 10% horse serum. , 

The viability of cells was tested by their exclusion of 
trypan blue and the suspension was diluted to0.5 x 10° 
cells/ml. Cells were dispensed in 2 cm diameter mul- 
tiwell culture dishes (2 ml/well) that were covered and 
incubated at 37° C in an atmosphere of 5% CO, in air 
for 24 hours. Then the culture medium was removed 
and adherent cells were washed twice with 2 ml of pre- 
warmed phosphate-buffered saline solution before 
2 ml of fresh medium 199 containing conditioned bac- 
terial medium, as described below, was added. 

Assessment of PGE, production by amniotic cells. 
Conditioned medium derived from culturing each of 
the microorganisms was diluted tenfold and 100-fold 
in medium 199 containing 1% L-glutamine and 10% 
horse serum. Undiluted, tenfold, or 100-fold condi- 
tioned medium for each microorganism was tested in 
duplicate for its ability to stimulate PGE, production 


. when added to amniotic cells. Appropriate undiluted, 


tenfold, or 100-fold dilutions of unconditioned me- 
dium for each microorganism were used as controls. 
The addition of 0.22 ml of the undiluted, tenfold, or 
100-fold dilutions of conditioned or unconditioned me- 
dium to 10° amniotic cells in 2 ml of medium 199 pro- 
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Fig. 1. Mean (+ +SE) PGE; pròdyúction by amniotic calle in response to addidon of a ‘final’ concentration 
-of 0.1% conditioned bacterial medium for each organism. asa percentage of the appropriate un- 


conditioned bacterial medium. 
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PERCENTAGE. ‘FINAL CONCENTRATION OF CONDITIONED “BACTERIAL MEDIUM 


` Fig. 2. Mean (+SE) PGE, produton by amniotic cells in response to addition of increasing con- 
centrations of conditioned bacterial medium as. a percentage of production with unconditioned ' 


bacterial mediuin. 


vided final concentrations of 10%, 1%, and 0.1% of the’ 
media. The amnions from four patients were tested _ 


separately with medium derived from culturing each, 


‘Before and after the cells were exposed to condi- 
tioned or unconditioned bacterial medium or phos- 


_. pholipase, their viability was tested by their exclusion 


of the 21 microorganisms and their respective control a 


medium, 


A of trypan blue. 


To examine further `a “ene dose-response rela. a 
tionship, bacterial medium conditioned with Bacteroides . 


fragilis was prepared in a similar way. to provide nine 
dilutions (0.02% to 10% final concentration) that were 
tested subsequently for their ability to. stimulate 2 am- 
niotic PGE, synthesis. : R p 


Sequential doubling dilutions of phospholipase Ay 


(Sigma Laboratories, Poole, England; “code P-6139, lot 
45S; 8020, 790 units/mg solid) and. phospholipase C 
(Sigma Laboratories; code P-4014, lot 124F;-0613 , 1000 
units/mg solid) were made in medium 199 containing 
1% L-glutamine and 10% horse serum, giving a total 
of 24 dilutions from 100,000 to sp oaa 0.01 
mU/ml for each enzyme. 


> PGE, = 


- The amniotic cells with added conditioned or un- 
conditioned medium or phospholipase were incubated 


_ at 37° C for 24 hours in an atmosphere of 5% CO, in 


air, after’ which the médium was collected, centrifuged 
to remove debris, and stored at — 20°C until tested for 


e immunoreactive PGE, by a radioimmunoassay with an 
_ antibody. against PGs of the E series (cross reaction with 


: 100%; PGE, = 26%; other prostaglandins and 
their métabolites or fatty acids <2.0%.” PGE, produc- 


_ tion was expressed as pg/ 10° cells/24 hr, and the mean 


(ESE). for the four separate amniotic éxperiments was 


calculated. 


PGE, production by amniotic cells in the presence of 


`~ conditioned medium was expressed as a percentage of 


the production in the pee of control uncondi- 
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. PERCENTAGE FINAL CONCENTRATION OF CONDITIONED BACTERIAL MEDIUM 


Fig. 3. Mean (+SE) PGE, production by amniotic cells in response to addition of increasing con- 
centrations of conditioned bacterial medium as a percentage of production with unconditioned 
bacterial medium. Asterisk, p < 0.05; double asterisk, p < 0.01 in comparison with PGE, production at 
a final concentration of 0.1% conditioned bacterial medium (Student’s ¢ test). (C. trachomatis is an 
exception because the significance is in comparison with the 1.0% concentration.) 
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Fig. 4. Mean (+SE) PGE, production by amniotic cells in response to addition of increasing con- 
centrations of conditoned bacterial medium as a percentage of production with unconditioned 
bacterial medium. Asterisk, p < 0.05; double asterisk, p < 0.01 in comparison with PGE, production at 
a final concentration of 0.1% conditioned bacterial medium). 


tioned medium. Statistical significance was calculated 
with the Student ż test, x? with Yates’ correction, and 
regression analysis. 


Results 

Conditioned medium, at a final concentration of 
0.1%, derived from 20 of the 21 microorganisms (ex- 
cept U. urealyticum) stimulated greater mean PGE, syn- 


thesis by amniotic cells than that seen in control cultures 
containing 0.1% unconditioned medium (Fig. 1) (x? 
with Yates’ correction = 15.4; p < 0.001). Individually 
there was a significant increase over baseline for 15 of ` 
the 21 microorganisms. The six microorganisms with 
no significant increase were U. - urealyticum, Haemophilus 
influenzae, C. trachomatis, Streptococcus faecalis, group B 
hemolytic streptococcus, and N, gonorrhoeae. 


Volume 162 


. Number 3 


P Bacterial infection and amnion PGE, synthesis 823 














PGE, production as a % of unconditioned bacteria! medium 


100 
80 
60 
4075 
I tt a io Po ok, o —- : —— ————— 
0.02 0.05 01 0.2 0.5 10, 20 5.0 10 
or : 3 : Conditioned Bacteroides fragilis ‘medium å asa percentage of final Concentration : 


Fig. 5. PGE, production by amniotic cells in response to addition of i increasing concentrations of 
“B. fragilis conditioned medium asa percentage of production wi with unconditioned bacterial medium. 


; 307 


al 


PGE, © 


(pg/t) 
‘a 









*——* Phospholipase Ap 
™—+ Phospholipase C 








` : i Basal 
; Control 
i 1.0 - 
0.01 01 1.0. - 10.0, 100 1000 10000 100000 


à Concentration of Enzyme (MU) added . 


Fig. 6. PGE, production by amniotic cells in response to addition of increasing concentrations of 
phospholipase A, and phospholipase Cadded asa percentage ot cells‘alone in tissue culture medium. 


With the addition of progressively increasing con- 
centrations of conditioned bacterial medium (1% and ` 
10% final concentration) derived from some microor- 
ganisms, no further significant change in PGE, pro- 
duction was seen (Fig. 2). However, media derived ` 
from culturing five microorganisms, namely Streptococ-: 
cus viridans, S. aureus, anaerobic coccus, anaerobic strep- ` 
tococcus, and C. trachomatis, caused a significant de- 
crease followed by no change or a significant increase, `` 
in PGE, production when tested at concentrations of _ 
0.1%, 1.0%, and 10%, respectively (Fig. 3). Media at 
these concentrations, derived from seven,microorgan- 
isms, B. fragilis, Klebsiella sp., Proteus sp., Escherichia coli, . 
L. monocytogenes, U. urealyticum, and N. gonorrhoeae, pro- 
duced a progressive decrease in PGE, synthesis that was 
significant at the 10% concentration (Fig. 4). This trend 
toward a progressive decrease in PGE, synthesis with 
addition of increasing concentrations of conditioned 
medium was confirmed when a wider range of con- `~ 


`: centrations (0.02% to 10% final) of conditioned me- 


dium derived from culturing B. fragilis was tested 


` (Fig. 5). 


PGE, synthesis by amniotic cells in response to the 
addition ‘of increasing concentrations of the enzymes 


À phospholipase A, and phospholipase C is shown in Fig. 
‘6. Whereas PGE, production by amniotic cells in re- 


sponse to phospholipase C did not begin to increase 
until a concentration of approximately 7000 mU/ml 


‘-was added, increased PGE, production in response to 
‘phospholipase A, was evident at the lowest concentra- 
tion (0.01 mU/ml) of enzyme added and increased to 


a maximum when 20 to 500 mU/ml was added. There 


` then followed a rapid decrease in the production of 
.. PGE, in response to increasing concentrations of phos- 
-pholipase A, (500 to 100,000 mU/ml). There was a 


significant positive correlation betwee PGE, production 
and. concentrations (final) of the enzyme from 0.01 to 
20 mU/ml (p < 0.01) and a significant negative cor- 
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relation between PGE, production and concentrations 
of the enzyme from 50 to 100,000 mU/ml (p < 0.01). 
There was also a significant positive correlation be- 
tween PGE, production and phospholipase C concen- 
tration (final) from 2000 to 100,000 mU/ml (p < 0.05). 


Comment 


Preterm labor may be caused by an appropriate sig- 
nal occurring too early in gestation but, more likely, 
the signal is pathologic, in that it is an incorrect signal 
of external source that activates the cascade system 
leading to established labor and delivery. In recent 
years there has been increasing interest in the possibility 
that idiopathic preterm labor may be caused by genital 
infection. The biochemical mechanisms by which in- 
fection may initiate preterm labor are poorly under- 
stood, mainly because knowledge of the mechanism of 
the onset of human term labor remains incomplete. 

Bacteria themselves do not appear to synthesize lip- 
oxygenase or cyclooxygenase enzymes,’ so it is unlikely 
that bacteria initiate preterm labor by directly synthe- 
sizing PGs. However, in vivo, bacteria may induce an 
increase in PG synthesis in amniotic cells in several ways. 
First, by invading the extraplacental membranes ad- 
jacent to the cervical os, bacteria may cause disruption 
of amniotic cells and their lysosomes resulting in release 
of phospholipase, which, in turn, hydrolyzes arachi- 
donic acid from glycerophospholipids stored in the cell 
membranes. Second, bacterial inféction may initiate an 
inflammatory response with migration of host cells such 
as macrophages or leukocytes, which themselves can 
metabolize arachidonic acid, to both PGs and lipoxy- 
genase products.® This alone may initiate labor di- 
rectly, but leukocytes have also been shown to release 
interleukin-1 and tumor necrosis factor, which increase 
PG synthesis in amnion” and other tissues. Third, bac- 
teria may produce substances (e.g., phospholipases or 
endotoxin) that directly or indirectly induce amniotic 
cells to produce PGs." It has already been shown 
in vitro that amniotic cells can be stimulated to produce 
significant amounts of PGE, in response to bacterial 
products.* In this study the addition of conditioned 
medium from 20 of the 21 microorganisms stimulated 
significantly greater PGE, production than did uncon- 
ditioned control medium. 

The finding that the addition ol increasing concen- 
trations of conditioned bacterial medium caused no 
further increase or even decreased the synthesis of 
PGE, was surprising. This pattern was consistent and 
reproducible in tests with a number of different mi- 
croorganisms (Figs, 2 through 4), suggesting that the 
results are not spurious. This progressive decrease in 
PGE, synthesis with increasing concentrations of con- 
ditioned medium (Fig. 4) was emphasized when a wider 
range of dilutions of medium conditioned by B. fragilis 
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was used (Fig. 5). Final concentrations as low as 0.02% 
increased PGE, synthesis, and it is possible that even 
weaker final concentrations may have induced a further 
rise in PGE, production. In this regard it is possible 
that concentrations of conditioned media from N. gon- 
orrhoeae and U. urealyticum cultures weaker than those 
used would have stimulated a greater PGE, response. 
In addition, this may apply to C. trachomatis, to which 
the response was less than expected in view of its known 
pathogenicity, although its intracellular nature may also 
account for the poor response. Cytotoxic effects of the 
conditioned bacterial medium do not appear to be re- 
sponsible for the decreased PGE, synthesis in the am- 
niotic cell cultures because cell viability at all concen- 
trations was greater than 97%. Furthermore, the pH 
of the cell cultures was relatively constant between val- 
ues of 7.38 and 7.46. 

The response of amniotic cells to media at the same 
final concentration, derived from culturing different 
microorganisms, is not strictly comparable or directly 
related to the in vivo situation in preterm labor. Fas- 
tidious microorganisms, such as N. gonorrhoeae, may 
grow less prolifically in culture than they do in vivo, 
and even in vitro the number of microorganisms in 
each culture was not the same. Nor do they all have 
the same capacity for producing phospholipase A». 
Furthermore the virulence or invasiveness of micro- 
organisms may vary within a type and between types. 
In addition, microorganisms such as E. coli had been 
subcultured repeatedly in the laboratory and may have 
changed their virulence. Thus although it is clear that 
many microorganisms have the potential to stimulate 
PGE, synthesis in vivo, it is difficult to indicate clearly 
those that are most likely to do so. Nevertheless it is 


_ interesting to note that media that evoked little or no 


dose response were from cultures of microorganisms 
(Fig. 2) that might be considered to be commensals in 
the vagina, whereas those that stimulated the greatest 
dose response, albeit an inhibitory one, were from cul- 
tures of microorganims (Fig. 4) that would be consid- 
ered pathogenic if found in large numbers in the va- 
ginas of women in preterm labor. 

It is possible only to speculate on the reasons for the 
differences noted in the dose response. Bacterial endo- 
toxins decrease PGE, production by amniotic cells,” 
although monocytes activated by bacterial endotoxins 
may release interleukin-1, which can increase PGE, syn- 
thesis by amniotic cells in culture." It is possible that 
endotoxins or other inhibitory factors may oppose the 
actions of phospholipase A, secreted by the same bac- 
teria and at low concentrations of added conditioned 
medium the balance between endotoxins and phos- 
pholipase favors stimulation of PGE, production, 
whereas at higher concentrations the balance is in favor 
of inhibition. Direct measurements of phospholipase 
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and endotoxin in conditioned medium would. eyes 
this point. However, this explanation, would: apply only .” 
to gram-negative microorganisms capable of releasing 


endotoxin. Alternatively, the addition of increasing - 


concentrations of phospholipase A, may lead to sub- 


strate inhibition of PGE, synthesis by releasing excessive - 
amounts of arachidonic acid, and the data in’ Fig. 6 ` 

` would support this hypothesis. It can be postulated that ` 
those microorganisms shown in F ig. ‘4 were producing’ E 
amounts of phospholipase A, consistent with that part - 


of Fig. 6 in which increasing amounts of enzyme result 
in a progressive decrease in PGE, production. ` 


The greater release of PGE, after addition of. phos- l 
pholipase A, than after phospholipase C suggests that | 
arachidonic acid esterified'in the sn-2 position of phos- 
phatidylethanolamine is the major source of substrate -. ~ 
for PGE, synthesis in amnion, as has been shown to be’ 


the case at the time of parturition.” Phospholipase C 


produced by microorganisms associated with preterm ` i 


labor" may be of lesser importance. 


These data‘are consistent with the hypothesis that, 


bacteria, through their. ability to produce the enzyme 


phospholipase A+, may induce the extraplacental mem- - | 
branes to synthesize prostaglandins, thereby acting as. . | 
a trigger for preterm labor. They support our previous , ` 


findings* +° and the contention that the secretion of 
phospholipase plays a part'in the patbogeniaty of a 
wide range of microorganisms. # 
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A longitudinal study of respiratory changes in normal human 


pregnancy with cross-sectional data on subjects with 


pregnancy-induced hypertension 


Gareth B. Rees, DM,’ Fiona Broughton Pipkin, PhD,* Edwin M. Symonds, MD, and 


John M. Patrick, PhD? 
Nottingham, England 


Respiratory frequency, tidal volume, minute ventilation, oxygen consumption, carbon dioxide production, 
and end-tidal carbon dioxide tension were measured longitudinally during pregnancy and post partum in 20 
normal subjects with a computer-assisted mass spectrometer. Resting tidal volume, minute ventilation, 
oxygen consumption, and carbon dioxide production increased during pregnancy. End-tidal carbon dioxide 
tension fell progressively during pregnancy. Respiratory exchange ratio was 0.9 at 36 to 39 weeks’ 
gestation and 0.8 at 5-13 weeks post partum. Respiratory frequency did not change during pregnancy. The 
increase in minute ventilation is in excess of the increase of carbon dioxide production and the resultant 
fall in end-tidal carbon dioxide tension reflects a fall in systemic arterial blood carbon dioxide tension. The 
greater respiratory exchange ratio during late pregnancy as compared with post partum also reflects this 
hyperventilation during pregnancy. Fourteen subjects with pregnancy-induced hypertension studied 
cross-sectionally failed to show any difference in the respiratory variables measured when compared with 
normotensive subjects at a similar length of gestation. (AM J OssteT GYNECOL1990;162:826-30.) 


Key words: Pregnancy-induced hypertension, respiration, pregnancy 


For many years it has been known that extensive 
anatomic and functional alterations occur in the respi- 
ratory system during pregnancy. Studies in pregnancy 
have shown an increase in minute ventilation that is 
due to a progresterone-induced increase in the sensi- 
tivity of the respiratory center in the brain to carbon 
dioxide. There is an accompanying increase in oxygen 
consumption and in carbon dioxide production. Preg- 
nancy also is associated with a reduction in carbon diox- 


ide tension in systemic arterial blood, but there is usu- | 


ally no significant acid-base abnormality because of re- 
nal compensation. ' . 

However, there have been few comprehensive lon- 
gitudinal studies of respiratory changes during preg- 
nancy. Some studies have been a cross-sectional type or 
have involved infrequent measurements or indeed no 
postpartum control measurements.” In one longitudi- 
nal study of pulmonary ventilation in pregnancy? no 
measurements of oxygen consumption, carbon diox- 
ide production, or end-tidal carbon dioxide tension 
were made. Other studies have used relatively few 
subjects* * or sophisticated equipment.” © Considerable 
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individual variation between subjects often has been 
found, and the magnitude of changes in minute ven- 
tilation, oxygen consumption, and carbon dioxide pro- 
duction has often differed between one study and an- 
other. 

Respiratory changes during pregnancy are of phys- 
iologic interest and may be important in the man- 
agement of women with pulmonary disease during 
pregnancy’; as such, they must be well documented. 
Furthermore, although pregnancy-induced hyperten- 
sion is a condition primarily affecting the cardiovas- 
cular system, there are no reports in-the literature of 
respiratory function in subjects with this disease. 

This study involved the use of a modern computer- 
assisted mass spectrometer with tidal volume analyzer 
(turbine anemometer). Simultaneous measurements of 
a number of respiratory variables were made for 20 
subjects studied at frequent intervals during normal 
pregnancy and post partum. In addition to this group 
of subjects studied longitudinally, a cross-sectional 
group of 14 subjects with pregnancy-induced hyper- 
tension were studied and the results compared with 
those for normotensive pregnancy. In this study 
pregnancy-induced hypertension was defined as a 
blood pressure =140 mm Hg systolic and 90 mm Hg 
diastolic, on two or more occasions after rest >24 hours 
apart in a patient at >20 weeks’ gestation with no pre- 
ceding history of cardiovascular, renal, metabolic, or 
connective tissue disease. 
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Fig. 1. Variation in minute ventilation with gestational age for - 
a total of 20 subjects followed up longitudinally during normal _ 
pregnancy and post partum. The number of SIRS (n) ma ; 


ied at each stage of gestation is shown. 


Method 


`- Ethical approval was obtained from the Ethical Com- 
mittee at University: Hospital, Nottingham. ° 
Twenty healthy subjects (age range 22 to 46 years, 
mean 29 + 
_ normal pregnancy and post partum. Five had had one 


or more previous deliveries. Measurements were made | 


at approximately 4-week intervals throughout preg- 
nancy in all subjects, at 72 hours post partum in six 


subjects, and at 5 to 13 weeks post partum in 19 women. > ~ 


In addition, 14 subjects with. pregnancy-induced hy- 
pertension were studied antenatally (six at 32 to 35 
weeks of gestation and eight at 36 to 39 weeks of ges- 


tation), and 10 of these were studied again at 5 to 13... 
weeks post partum. Because of the need for familiar- ``., 
ization with the noseclip and other apparatus, the first .” .’ 
_ ‘tension: was displayed on the computer screen. The 
oe mean end-tidal carbon dioxide tension during the pe- 

| riod of collection was then calculated, and since normal 


visit was regarded as one of acclimatization and data 
obtained from it were discarded., ero 

Subjects ingested only fruit juice or water for: 4 eure 
before the measurements were made. This was because 
determinations of cardiac output also were to be made 
and recent ingestion of a meal has been shown to in- 
crease cardiac output.® At each visit subjects rested for 
approximately 45 minutes before any measurement. 
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Fig. 2. Variation in oxygen consumption (VO2) and in carbon 


-dioxide production (VCO2) for a total of 20 subjects followed 
up longitudinally during normal pregnancy and post partum. 
The number of subjects (n) studied at each stage of gestation 
‘is shown. The rise in both VO2 and VCO2 during pregnancy, 


i -particularly during the last trimester, is shown (p < 0.01). 


Subjects were studied while lying in a left lateral re- 


`. cumbent position. The temperature in the laboratory 


-ranged from 22° td 25° C, A noseclip was applied and 


_ the mouthpiece inserted. Subjects breathed quietly 
through a three-way tap and flowmeter. The data col- 


lection period was set at 50 seconds, and the measure- 
ment period began with the onset of the first breath 
within that period and ended on the last full breath 


- from the end of that period. The exact time period 


between full breaths was then calculated, and this time 
period rather than the 50 seconds was used fot cal- 
culation, `. 7 

' Expired gas. was sampled continuously at the mouth- 
piece, and a continuous real-time plot of carbon dioxide 


alveolar. air: is in equilibrium with systemic arterial 


blood, end-tidal carbon dioxide tension was used to 


derive carbon dioxide tension in systemic arterial blood. 
During the period of measurement, oxygen consump- 


- tion’ and carbon dioxide production were calculated 
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Fig. 3. Variation in end-tidal carbon dioxide tension with ges- 
tational age for a total of 20 subjects followed up longitudinally 
during normal pregnancy and post partum. The number of 
subjects (n) studied at each stage of gestation is shown. 


from minute ventilation and mixed expired oxygen and 
carbon dioxide tensions, respectively, these being sam- 
pled from a mixing box. Minute ventilation was derived 
from tidal volume and respiratory frequency. Mea- 
surements were made with a computer-controlled mass 
spectrometer (V. G. Gas Analysis Systems, Ltd., Wins- 
ford, Cheshire, England) and tidal volume analyzer 
(Medical Physics Department, University Hospital, Not- 
tingham, England). ; 

Three sets of measurements were made at each 
visit and the mean of each variable was calculated 
from these. Coefficients of variation were calculated 
for each variable from 10 subjects at their second 
visit. The mean coefficients of variation were: respi- 
ratory frequency, 6.0 + 0.83; tidal volume, 8.5 + 1.64; 
minute ventilation, 6.4 + 1.04; end-tidal carbon diox- 


ide tension, 1.0 + 0.31; carbon dioxide production, 


9.3 + 1.8; oxygen consumption, 6.0 + 1.5; respiratory 
exchange ratio, 4.4 + 0.6. 

For statistical purposes the baseline value at 5 to 13 
weeks post partum was represented as 100% and all 
other values were expressed as a percentage of this. In 
this way the data were normalized and intersubject vari- 
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ation was reduced. Comparisons were then made be- 
tween groups at different stages of gestation by a priori 
contrasts and one-way analysis of variance. 

The number of subjects investigated at different 
stages of gestation varied because some subjects joined 
the study later in pregnancy than-others, some were 
delivered earlier than others, and not all subjects were 
able to adhere to the protocol of measurements being 
made every 4 weeks during pregnancy. 

For one subject prepregnancy measurements had 
been made, and these values were substituted as the 
values of 5 to 13 weeks post partum as this subject was 
unable to have postpartum values measured. 

Pregnancy was divided into 4-week stages (8 to 11, 
12 to 15, 16 to 19, 20 to 23, 24 to 27, 28 to 31, 32 to 
35, and 36 to 39 weeks). However, for each of three 
subjects who were measured twice during one of these 
stages, one of these measurements was treated as hav- 
ing been obtained 1 week earlier or 1 week later so as 
to make the representation of the stages more even. At 
any one interval or stage of gestation a subject was 
included only once in the calculation of the mean. Val- 
ues have been expressed both in the text and in the 
figures as the mean + 1 SEM. 


Results 


Respiratory frequency appeared not to be related to 
gestational age and the values during pregnancy were «. 
not different from those post partum. ` 

The baseline nonpregnant tidal volume was 0.40 + 
0.01 L. This had risen to 0.55 + 0.04 Lat 8 to 11 weeks 
of gestation and to 0.60 + 0.03 L at 36 to 39 weeks’ 
gestation. The increase at term was >50% above the 
nonpregnant baseline (p < 0.01). 

The changes in minute ventilation during pregnancy 
reflected the changes in tidal volume. The baseline non- 
pregnant minute ventilation was 6.6 + 0.2 L/min. This 
had risen to 7.7 + 0.6 L/min at 8 to 11 weeks of ges- 
tation and to 9.2 + 0.5 L/min at 36 to 39 weeks’ ges- 
tation. The increase in minute ventilation during preg- 
nancy was some 40% by term (p < 0.01) and was con- 
firmed by linear regression analysis (Fig. 1). 

The baseline nonpregnant oxygen consumption 
was 221.4 + 7.0 ml/min. This increased, particularly 
during the last trimester of pregnancy, to reach 
264.0 + 10.8 ml/min at term, an increase of 19.5% 
(p < 0.01). The baseline nonpregnant carbon dioxide 
production was 175.9 + 6.2 ml/min, and during preg- 
nancy this increased, particularly during the third 
trimester, by a maximum of 34% by term to reach 
235.8 + 9.4 ml/min (p < 0.01) (Fig. 2). The respira- 
tory exchange ratio at term was 0.9 as compared with 
0.8 at 5 to 13 weeks post partum. 

End-tidal carbon dioxide tension fell steadily during 
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Table I. Comparison of respiratory variables measured for normotensive and hypertensive pregnancy 






















32-35 Weeks’ gestation 36-39 Weeks’ gestation 5-13 Weeks post partum 










Pregnancy-induced 
hypertension 
(n = 6) 







Normotensive 
(n = 20) 


Normotensive 
(n = 16) 


Normotensive 


(n = 19) 





Respiratory variable 





9.2 + 0.5 


Minute ventilation (L/min) 8.8 + 0.4 10.0 + 0.4 9.4 + 0.6 6.6 + 0.2 6.8 + 0.2 

Oxygen consumption (ml/min) 263.14 8.7 295.5 + 19.2 2640+ 108 2796+ 116 221.4 + 7.0 229.7 + 10.9 

Carbon dioxide production 220.14 8.0 2474+ 16.7 235.8 + 9.4 228.0 +97 1759+6.2 176.9 + 82 
(ml/min) 

End-tidal carbon dioxide ten- 45+ 0.1 4.3 + 0.2- 440I 4.4 +0. 5.6 = 0.1 5.4 + 0.2 
sion (%) 


Values are mean + SEM. 


pregnancy from 4.8% + 0.1% at 8 to 11 weeks of ges- 
tation to 4.4% + 0.1% at 36 to 39 weeks of gestation, 
a fall confirmed by linear regression analysis (Fig. 3). 
By 5 to 13 weeks post partum it was 5.6% + 0.1%, with 
this baseline value being some 18% above the value at 
the end of pregnancy (p < 0.01). 

Respiratory changes immediately after delivery. By 
72 hours after delivery gas exchange and ventilation 
had fallen approximately halfway back toward non- 
pregnant (postpartum) levels. End-tidal carbon dioxide 
tension had risen correspondingly. 

Results for subjects with pregnancy-induced hy- 
pertension. Values of minute ventilation, oxygen con- 
sumption, carbon dioxide production, and end-tidal 
carbon dioxide tension in subjects with pregnancy- 
induced hypertension were not significantly different 
from those for normotensive subjects at a similar length 
of gestation (Table I). 


Comment 


Minute ventilation increased, particularly in the last 
trimester of pregnancy, to reach a value 40% above the 
value at 5 to 13 weeks postpartum, this change being 
achieved by an increase in tidal volume rather than by 
any increase in respiratory frequency. These findings 
are similar to those of other researchers** and are prob- 
ably due to a progesterone-induced increase in the sen- 
sitivity of the respiratory center in the brain to carbon 
dioxide. The increase in minute ventilation during 
pregnancy is related to the changes occurring in oxygen 
consumption, carbon dioxide production, and end- 


tidal carbon dioxide tension. It is probably also asso-. 


ciated with the relatively common complaint of dyspnea 
during pregnancy. 

Oxygen is required not only for the developing fetus 
and its placenta but also for the increased demand of 
various maternal metabolic processes during preg- 
nancy. A 20% increase in oxygen consumption during 
pregnancy occurred in this study, mainly during the 


third trimester. Similar results were obtained by other 
researchers,” **° although some made measurements 
only with subjects supine and others® *® did not obtain 
postpartum or nonpregnant measurements. 

The increased carbon dioxide production during 
pregnancy is the consequence of increased metabolic 
demands of pregnancy. Since end-tidal carbon dioxide 
tension was shown in the present study to fall pro- 
gressively during pregnancy, then the increase in min- 
ute ventilation is clearly in excess of the increase in 
carbon dioxide production, and this reduces the levels 
of carbon dioxide storage throughout the body with 
consequent reduction in carbon dioxide tension in sys- 
temic arterial blood.”® 

The respiratory exchange ratio (carbon dioxide pro- 
duction/oxygen consumption) was found to be elevated 
by 12.5% in this study at 36 to 39 weeks of gestation 
as compared with baseline values at 5 to 13 weeks 
post partum. A similar finding of an elevated respira- 
tory exchange ratio during pregnancy was made by 
other researchers.* 

Because the increase in minute ventilation was 
greater than the increase in oxygen consumption, the 
ventilatory equivalent for oxygen (which is the ratio of 
minute ventilation to oxygen consumption) was higher 
during late pregnancy than in the puerperium. The 
ventilatory equivalent may be viewed as an inverse mea- 
sure of respiratory efficiency, and it suggests that the 
latter may be reduced during pregnancy. 

Pregnancy-induced hypertension is primarily a car- 
diovascular disorder and, except in the most severe 
cases complicated by pulmonary edema, changes in 
minute ventilation, oxygen consumption, carbon diox- 
ide consumption, or end-tidal carbon dioxide tension 
would not be expected to be different from those 
for normotensive pregnancy at a similar length of ges- 
tation. 
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a,-Adrenergic receptors in guinea pig myometrium in 
late pregnancy: Evidence for a predominantly 
postjunctional location | 


Stephen J. Arkinstall, DPhil, Isabel Moye, BA, and Colin T. Jones, PhD 
Oxford, England 


Uterine sympathetic nerves can exert an excitatory influence during pregnancy and parturition. Myometrial 
a-adrenergic receptor density falls sharply late in gestation, and diminished presynaptic neuromodulation 
could contribute to increased norepinephrine release reported at this time. Two studies were performed to 
investigate this potentially important mechanism. First, when o,-adrenergic receptors were measured in 
well-innervated (tubal end and cervix), denervated (perifetal), and richly vascularized regions (placental) of 


late pregnant guinea pig uteri with the selective radioligand [*H]rauwolscine, high levels were detected in 
perifetal myometrium, particularly outside the site of placental implantation. Second, we report an 
unsuccessful attempt to demonstrate a,-adrenergic receptor—mediated feedback suppression of electrically 
stimulated norepinephrine release from tubal and cervical regions of nonpregnant, midterm, and 
late-pregnant uteri. Together these results suggest that guinea pig myometrial a,-adrenergic receptors are 
located mostly postjunctionally and are not associated with the vasculature. Thus an «,-adrenergic 
feedback mechanism is unlikely to play an important role regulating uterine sympathetic 


neurotransmission. (AM J OssTET GYNECOL 1990;162:831-6.) 


Key words: Myometrium, a,-adrenergic receptors, pregnancy, regional distribution, 


presynaptic neuromodulation 


A characteristic feature of mammalian pregnancy is 
a regionally selective uterine sympathetic denervation 
such that at term only the cervix and myometrium 
adjacent to the oviduct (tubal region) are well inner- 
vated." * Despite this sympathetic withdrawal, there is 
good evidence that surviving uterine fibers could play 
an important functional role. Hence nerve stimulation 
and exogenous norepinephrine can cause either B- 
adrenergic receptor—dependent relaxation, as ob- 
served in pregnant rat and guinea pig myometrium,* 
or, as reported in cat and rabbit and again in guinea 
pig and rat uteri, an excitatory response mediated by 
a-adrenergic receptors.** Although these two actions 
are distinct and could in part reflect differences in spe- 
cies or gestational age, a sympathetic contractile influ- 
ence under physiologic conditions is suggested because 
a-adrenergic receptor antagonists inhibit spontaneous 
activity in pregnant myometrium and also block labor 
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in the rat, rabbit, and sheep.*’ Furthermore the prog- 
ress of labor is disturbed severely by uterine sympa- 
thectomy in the rat.® Together these observations could 
indicate that a-adrenergic receptor activation by sym- 
pathetic nerves located in highly specific uterine re- 
gions stimulates myometrial contractions during preg- 
nancy and, moreover, may contribute to factors timing 
the onset of labor. Indeed, an innervated tubal pace- 
maker has been proposed during labor? and a- 
adrenergic receptors in this area could enhance'uterine 
activity either directly or indirectly by increasing sen- 
sitivity to oxytocin® or stimulating myometrial prosta- 
glandin production.’ 

If sympathetic nerves have an important excita- 
tory action during pregnancy, mechanisms controlling 
transmitter release could play a major role in deter- 
mining uterine contractile activity. One potential reg- 
ulatory system depends on a-adrenergic receptors lo- 
cated on sympathetic neuronal terminals that mediate 
feedback inhibition of action potential—evoked nor- 
epinephrine release.’ Hence a pregnancy-related fall 
in presynaptic a-adrenergic receptor number would 
probably suppress this autoinhibitory pathway. In 
guinea pig myometrium receptor density falls by up 
to 90% and in the rat by up to 40% during late 


` pregnancy,' ' a time when norepinephrine turnover 


rate in the cervix and uterus is increased in these 
species.” © These observations could reflect a direct 
relationship between receptor density and sympathetic 
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Fig. 1. a,-Adrenoceptor density and norepinephrine levels in myometrium adjacent to oviduct 
(Tubal), myometrium surrounding the fetuses from either under the placenta (Perifetal-P) or opposite 
the placental site (Perifetal-O), and in cervix taken from 55- to 65-day-pregnant guinea pig uteri 
(term, 67 + 2 days). A single saturating concentration of radioligand was used to measure receptors 
(@Hjrauwolscine binding displaced by 10 pmol/L phentolamine), and norepinephrine was detected 
by high-performance liquid chromatography with electrochemical detection (see Material and meth- 
ods). Bars represent mean and SD of number of quadruplicate ([*H]rauwolscine binding) or triplicate 
(norepinephrine levels) determinations indicated in parentheses. Asterisk, Significantly less than levels 
‘in Tubal and Perifetal-O regions; p < 0.05. Double asterisk, Significantly less than tubal and cervical 


regions, p < 0.05. 


transmission, but because at least a proportion of 
a,-adrenergic receptors are located postjunctionally, 
the functional significance of a fall in number is un- 
clear. A substantial postjunctional o,-adrenergic re- 
ceptor population is suggested by the limited 45% 
decrease in myometrial receptor density after chemi- 
cal sympathectomy,” a-adrenergic receptor—mediated 
excitation in nonpregnant, pregnant, and parturi- 
ent myometrium,” and the sudden loss of guinea pig 
myometrial excitation in response to circulating norep- 
inephrine’ at a time when a,- but not a-adrenergic 
receptor density falls sharply.'" ” 

To clarify the potential functional significance of ges- 
tational changes in myometrial a-adrenergic receptor 
number, this article both reports on their regional dis- 
tribution in relation to sympathetic nerves and evalu- 
ates their possible presynaptic role mediating feedback 
suppression of uterine noradrenergic neurotransmis- 
sion during pregnancy. 


Material and methods 

Virgin nonpregnant and primigravida pregnant (30 
to 35 days and 55 to 65 days) Dunkin-Hartley guinea 
pigs (term, 67 + 2 days) were killed by cervical dislo- 
cation and bleeding from the neck. Whole uteri were 
excised and dissected free of blood vessels, and fat and 
connective tissue and fetoplacental tissues were re- 
moved. Specific uterine regions were then isolated. 


These consisted of myometrium taken from the last 5 


_ to 15 mm adjacent to the oviduct (tubal), myometrium 


surrounding the fetuses (perifetal) from both under 
the placenta and an area opposite the site of placental 
implantation, and the cervix together with 5 to 10 mm 
of adjoining myometrium. Tissues were used for either 
radioligand binding assay, measurement of endoge- 
nous catecholamine stores, or assessment of norepi- 
nephrine release by intramural nerve stimulation. 
Radioligand binding. Crude 50,000 g membrane 
fractions were prepared from selected uterine regions 
(0.4 to 2.0 gm), and [*H]rauwolscine binding assays 
were performed exactly as described recently," except 
that the final assay volume was 125 pl and maximum 
binding density was measured at a single saturating 


- radioligand concentration in the presence of 150 


mmol/L NaCl. Specific [*H]rauwolscine bound is cal- 
culated as the difference between total binding and 
nonspecific binding: measured in the presence of 10 
pmol/L phentolamine, with all assays performed in 
quadruplicate. 

Nerve-stimulated norepinephrine release. Paired 
tubal myometrial or cervical samples (75 to 150 mg 
tissue) were mounted vertically in separate 2.0 ml Per- 
spex baths through which a modified Krebs solution 
was pumped from below at 0.5 ml/min and removed 
from the upper surface through a side channel. The 
modified Krebs solution had the following composition: ` 
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Fig. 2. Norepinephrine released from two 35-day-pregnant tubal myometrial samples each perfused 
with modified Krebs buffer and field stimulated by electrical pulses of 50 V at 5 Hz for 10 minutes 
through platinum wire electrodes at the times indicated by arrows: Norepinephrine was extracted 
from Krebs buffer'with alumina and measured by high-performance liquid chromatography with 
electrochemical detection (see Material and methods). One tubal sample (m) was initially perfused 
_ with Krebs buffer deficient in desipramine, which was included‘at 10 pmol/L from 60 minutes. 
‘This sample was then exposed to Krebs buffer supplemented with 100 pmol/L UK14304 (110 to 
140 minutes), 100 pmol/L: BHT933 (210 to 240 minutes), and 1. pmol/L phenoxybenzamine (310 
to 340 minutes). Control myometrium (0) received only modified Krebs buffer containing 10 


pmol/L desipramine throughout the experiment: 


sodium chloride (118 mmol/L), sodium bicarbonate (25 
mmol/L), sodium biphosphate (1.13 mmol/L), cal- 
cium chloride (1.8 mmol/L), potassium chloride (4.7 
mmol/L), magnesium chloride (1.3 mmol/L), glucose 
(11.0 mmol/L), ascorbic acid (0.1 mmol/L), pargyline 


(0.1 mmol/L), normetanephrine (0.01 mmol/L), and ` 


desipramine (0.01 mmol/L), which was bubbled with 
95% oxygen—5% carbori dioxide and maintained at 


37° C. Intramural uterine nerve fibers were stimulated © 
every 50 minutes by passing 1 msec square-wave pulses > 
of 50 V at 1.0 or 5.0 Hz for 10 minutes through two: 


platinum wire ring electodes recessed into the wall 
of the organ bath and set 10 mm apart. When a- 


adrenergic drugs were used, these were dissolved in’ 


_ Krebs buffer and perfused into one organ bath for a 


period of 20 minutes before and throughout the 10- 


minute field stimulation. Control tissues received only 
modified Krebs buffer during this period. Preliminary 
experiments demonstrated that exogenous norepi- 
nephrine was not destroyed by incubation for 20 min- 
utes under these conditions. Perfused Krebs buffer, 
together with released catecholamines, was collected in 
5.0 ml aliquots (10 minutes) into cooled tubes contain- 
ing 250 pl of 0.1 mmol/L perchloric acid, 100 pl of 50 
mmol/L sodium metabisulfite, and 200 pl of 100 
mmol/L dihydroxybenzylamine added as internal stan- 
dard to monitor catecholamine recovery. ` 


. Catecholamine measurement. Catecholamines were 
extracted ‘from uterine tissue samples and measured 
in triplicate by high-pressure liquid chromatography 
with electrochemical detection, as described previ- 
ously.’ This, system gives 75% to 85% catechol- 
amine. récovery and good resolution of all catechol 
species extracted by alumina with a detection limit 
of approximately 0.2 pmol. For catecholamines col- 
lected in acidified Krebs buffer, extraction from 
5.0 ml was performed by adding 4.0 ml of 1.0 
-mol/L Tris(hydroxymethyl)aminomethane containing 
2% (wt/vol) ethylenediaminetetraacetic acid at pH 8.6 
_ together with 50 mg of neutral alumina (Sigma Chem- 
ical Co.,.St. Louis, Mo.; activity grade 1) and rotary 
mixing for.30 minutes. Alumina was then sedimented 
at 1000 g for 15 minutes and washed three times in 
5 ml of 5 mmol/L Tris at pH 8.6 with repeated cen- 


- trifugation.. Absorbed catecholamines were eluted into 


` 100 to 200 pl of 0.1 mol/L perchloric acid containing 
0.1 mmol/L sodium metabisulfite and 50 pl samples 
‘analyzed directly by high-pressure liquid chromatog- 
- raphy with electrochemical detection as above. 
Statistics. Results are expressed as means + SD with 
n values in parentheses representing the number of 
separate: triplicate (catecholamine measurements) or 
quadruplicate (binding analysis) determinations. Sta- 
tistical comparison of data on radioligand binding and 
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Table I. Effect of selected a-adrenoceptor drugs on electrically stimulated norepinephrine release from 
tubal myometrium 30 to 35 days into the pregnancy 





Norepinephrine overflow 
(pmal/ gm myometrium) 


, 














Concentration 
(mol/L) 





Control 


Agonists 
BHT 933 10-4 5 553 + 71.2 ` 516 + 51.4 
UK 14304 10-4 5 498 + 46.3 522 + 41.9 
Antagonists 
Phenoxybenzamine 10-6 5 497 + 31.8 482 + 49.3 
Yohimbine 10-5 5 522 + 42.7 531 + 47.4 
Idazoxan 10-5 4 488 + 68.1 513 + 58.9 





Paired tubal myometrial samples (5 to 15 mm adjacent from oviduct) were perfused with Krebs buffer and stimulated electrically 
as described in Material and Methods. For one tissue sample (drug treated) Krebs buffer was supplemented with a-adrenergic 
agents for a period 20 minutes before and throughout the 10-minute field stimulation. Control tissues received only Krebs buffer 
during this time. Norepinephrine overflow represents total transmitter collected during the period of stimulation and the sub- 
sequent 10 minutes. Norepinephrine released by field stimulation in the presence of all drugs was not significantly different from 


corresponding control values {p > 0.05). 


myometrial norepinephrine levels was performed by 
one-way analysis of variance with the Tukey honesty 
sum difference test and Student-Newman-Keuls test 
used for post hoc analysis. Drug action on electrically 
stimulated norepinephrine release was tested by com- 
parison with control tissue with the Student ¢ test. 
Values were considered significantly different when 
p < 0.05. l 

Material. PH]Rauwolscine (O-methyl-[*H]- 
rauwolscine, 90.0 Ci/mmol) was purchased from 
Amersham International (Amersham, U.K.). The fol- 
lowing drugs were gifts from their respective manu- 
facturers: Idazoxan (RX 781094) from Reckitt & Col- 
man (Kingston-upon-Hull, U.K.), phenoxybenzamine 
from Smith Kline & French (Welwyn Garden City, 
U.K.), BHT 933 (2-amino-6-ethyl-5,6,7,8-tetrahydro- 
4Hoxazalo-[4,5-d]-azepine) from Boehringer (Lewes, 
U.K), and UK14304 (5-bromo-6-[2-imidazolin-2- 
ylamino]-quinoxaline) from Pfizer (Sandwich, U.K.). 
Catecholamines and all other drugs and reagents were 
obtained from Sigma Chemical Company (Poole, U.K.). 


Results 

We have reported previously that specific (*H]rau- 
wolscine binding to guinea pig myometrial 50,000 g 
membrane fractions is rapid, reversible, of high affinity, 
and displaced by selected adrenergic agonists and an- 
tagonists with the relative order of affinity expected of 
agents binding to a,-adrenergic receptors." In this 
study a-adrenergic receptor density is measured in 
membrane fractions prepared from selected uterine 
regions with 50 to 60 nmol/L [*H]rauwolscine, a ra- 
dioligand concentration fivefold higher than its disso- 
ciation constant and that saturates specific binding 
fully." Binding assays included 150 mmol/L sodium 
chloride because, like guanine nucleotides, this in- 


creases apparent a»-adrenergic receptor density, pos- 
sibly by reducing binding of residual tissue norepi- 
nephrine."' Under these assay conditions, specific 
(*H]rauwolscine binding (displaced by 10 pmol/L 
phentolamine) represented 50% to 70% of total radio- 
ligand bound. Fig. 1 illustrates that o,-adrenergic 
receptor density measured in tubal and perifetal 
myometrium at 55 to 65 days of pregnancy opposite 
the placental implantation site are similar and ap- 
proximately 50% to 60% higher than levels found in 
myometrium under the placenta and in the cervix 
(p < 0.05). Uterine norepinephrine concentration is a 
reliable reflection of sympathetic innervation density,’ 
and in uteri at 60 days of pregnancy tubal and cervical 
levels are about twentyfold greater than those detected 
in perifetal myometrium (p < 0.05) (Fig. 1). 
Norepinephrine release from tubal and cervical uter- 
ine regions is increased during both the 10 minutes of 
field stimulation and the following 20 minutes (Fig. 2). 
Total norepinephrine output is increased by up to ap- 
proximately fourfold above basal levels during this pe- 
riod and can be detected when stimulating nonpreg- 
nant and 30- to 35-day- and 55- to 65-day-pregnant 
uterine tissues at both | and 5 Hz. Electrically stimu- 
lated norepinephrine release is increased by 50% to 
150% in the presence of 10 pmol/L desipramine (Fig. 
2), an observation consistent with the view that neu- 
ronal uptake is a major pathway for removing intra- 
synaptic norepinephrine. To investigate a potential 
a-adrenergic feedback mechanism acting to inhibit 
noradrenergic transmission, the influence of several a- 
adrenergic drugs on electrically evoked norepineph- 
rine release was investigated. These agents included the 
a,-selective antagonists idazoxan and yohimbine, the 
a,-Selective agonists BHT 933 and UK14304, and the 
a-blocker phenoxybenzamine. If a feedback mecha- 
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nism was operative we speculated that agonists might 
suppress, whereas antagonists facilitate norepineph- 
rine overflow resulting from field stimulation as dem- 
onstrated clearly in other systems. However, none of 
these agents had any influence on norepinephrine re- 
lease in either tubal or cervical regions taken from non- 
pregnant (five animals), 30- to 35-day-pregnant (five 
animals} (Table I), or 55- to 65-day-pregnant uteri 
(three animals) whether stimulation was at 1 Hz or 
5 Hz (p > 0.05). Fig. 2 illustrates typical norepineph- 
rine overflow data obtained when one of two 35-day- 
pregnant tubal regions was exposed sequentially to 100 
umol/L UK 14304, 100 pmol/L BHT 933, and 1 
pmol/L phenoxybenzamine. 


Comment 


Guinea pig myometrium surrounding the develop- 
ing fetus (perifetal) loses its functional sympathetic 
innervation after approximately 35 to 45 days of 
pregnancy (term, 67 + 2 days). This denervation 
has been assessed by measuring levels of norepineph- 
rine, [*H]norepinephrine uptake, turnover, and bio- 
synthesis, «-methylnorepinephrine uptake, and tyro- 
sine hydroxylase activity and confirmed by histologic 
and ultrastructural signs of neuronal breakdown. ™? We 
report here that despite this sympathetic withdrawal, 
O-adrenergic receptor density in perifetal myome- 
trium was similar or even greater than levels detected 
in late pregnant tubal or cervical regions, both of which 
are unique insofar that they receive an intact and func- 
tional noradrenergic supply.”*? This does not support 
a presynaptic location for the majority of a-adrenergic 
receptors near term and is consistent with our inability 
to demonstrate feedback inhibition of electrically stim- 
ulated norepinephrine release at this time. It must be 
emphasized that our data cannot exclude completely 
the possibility that a presynaptic a,-adrenergic receptor 
feedback loop is operative within a subpopulation of 
norepinephrine-releasing sympathetic fibers and such 
a modulation is undetectable under our assay condi- 
tions. Despite this we propose that together our obser- 
vations suggest that, although rat and guinea pig myo- 
metrial o,-adrenergic receptor density falls sharply 
toward term when uterine norepinephrine turnover 
rate is increased,” *'''? a presynaptic o,-adrenergic 
negative feedback mechanism does not play a major 
role controlling uterine noradrenergic neurotransmis- 
sion. Indeed late-pregnant guinea pig myometrial a,- 
adrenergic receptors are likely to be predominantly 
postjunctional. 

Regional data on uterine a-adrenergic receptors 
could also indicate whether postjunctional receptors are 
located on vascular or myometrial cells. Hence preg- 
nancy is associated with a considerable increase in uter- 
ine blood flow, and in guinea pigs approximately 74% 
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and 94% of this perfuses the placenta and underlying 
perifetal myometrium in early and late gestation, re- 
spectively.'® This in part reflects a proliferation of blood 
vessels in myometrium beneath the placenta and, in 
view of the fact that a-adrenergic receptor density in 
this region is only 60% of that detected in less well- 
vascularized perifetal myometrium opposite the site of 
implantation (Fig. 1), it appears unlikely that these re- 
ceptors are associated predominantly with either the 
vasculature or blood cells. Indeed a-adrenergic recep- 
tors do not appear to participate in norepinephrine- 
stimulated contraction of guinea pig uterine blood 
vessels’’ and, consistent with this, uterine vasoconstric- 
tor responses to circulating catecholamines are in- 
creased in late pregnancy’ despite a sharp fall in as- 
adrenergic receptor density. These observations in- 
dicate that uterine a-adrenergic receptors are likely to 
be located mostly postjunctionally on myometrial cells, 
at least near term. 

An important outstanding question relating to post- 
junctional myometrial o,-adrenergic receptors is of 
their poténtial functional role in guinea pig uteri in late 
pregnancy. Indeed these receptors represent a sub- 
stantial population because, despite an approximate 
90% fall in density between mid and late gestation, 
correction for uterine growth during this period results 
in a total receptor population that at term is fourfold 
higher than nonpregnant levels."' Although postjunc- 
tional -adrenergic receptors have an important action 
in mediating contraction of some vascular smooth mus- 
cle, it has been proposed that this receptor subtype 
plays no direct role in norepinephrine-stimulated myo- 
metrial contraction.’ However, this in vitro pharma- 
cologic characterization was performed in the presence 
of propranolol to block a-adrenergic receptors that 
could mask o,-adrenergic receptor—mediated inhibi- 
tion of adenylate cyclase. Indeed in the absence of 
propranolol, norepinephrine contracts excised myo- 
metrium by activating both a,- and a-adrenergic re- 
ceptors.'* In addition, under physiologic conditions a,- 
adrenergic receptors situated on the ovine cervix and 
uterine horn mediate an excitatory response to cate- 
cholamines that is distinct from that associated with 
a-adrenergic receptors, and moreover selective a.- 
adrenergic receptor antagonists block spontaneous 
uterine activity during both late pregnancy and labor.’ 
These observations suggest that postjunctional myo- 
metrial a-adrenergic receptors could mediate an im- 
portant excitatory action in the pregnant uterus. 

In summary, this article presents the first data 
comparing a-adrenergic receptor density in well- 
innervated, denervated, and richly vascularized regions 
from late pregnant uteri and suggests that this receptor 
subtype is located predominantly postjunctionally on 
myometrial smooth muscle. This is consistent with the 
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absence of a demonstrable a,-adrenergic feedback in- 
hibition on uterine noradrenergic transmission. Indeed 
postjunctional o,-adrenergic receptors mediate myo- 
metrial contraction during pregnancy, and in the 
guinea pig a sharp fall in receptor density after 
midpregnancy" is paralleled by a sudden loss in uterine 
excitatory responsiveness to norepinephrine infusion.’ 
If this reflects a direct hormone action, it could suggest 
that myometrial a,-adrenergic receptor number has a 
role regulating uterine sensitivity to circulating cate- 
cholamines. A further potential source of hormones 
for activating myometrial a,-adrenergic receptors dur- 
ing pregnancy is amniotic fluid, in which the predom- 
inant catecholamine is dopamine, an agent that binds 
to these receptors with unusually high affinity." 
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Immunohistochemical localization of epidermal growth factor 
receptor during implantation in the rabbit 


Glen E, Hofmann, MD, PhD, and Ted L. Anderson, PhD 


Norfolk, Virginia 


Epidermal growth factor receptor was localized immunohistochemically during implantation (gestational 
days 7 through 14) in the rabbit. During early implantation (days 7 through 9), immunostaining was 
observed in the cytoplasm and on the surface of the syncytiotrophoblastic knobs. By day 8, 
immunoreactivity was most pronounced in knobs interacting directly with uterine epithelium but was noted 
in nonknob cytotrophoblast as well. Fetal membranes, identified by day 10, were stained intensely on ail 
days examined. in later gestation the trophoblast was stained intensely on the surface and in the 
cytoplasm, with some staining over nuclei. No appreciable changes in the staining pattern were observed 
after day 10. Uterine epithelium demonstrated epidermal growth factor receptor staining first on the 
antimesometrial (day 7) and then the paraplacental epithelium (day 9). After day 10, most staining was at 
the embryo-maternal interphase. These data suggest that the embryo and uterine epithelia can receive 
signals from their environment during and after implantation through the epidermal growth factor receptor. 


(Am J Opstet Gynecot 1990;162:837-41.) 


Key words: Epidermal growth factor receptor, implantation, trophoblast, 
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Epidermal growth factor (EGF) is a 53 amino 
acid polypeptide that has receptors in a number of 
. endocrine-responsive tissues, including placenta and 
-endometrium.'* Fetal membranes also possess EGF re- 
_ceptors but at lower concentrations than placenta." * 
Interaction of EGF with its receptor in normal placenta 
has a differential effect on the trophoblast,*” resulting 

in stimulation of synthesis of human chorionic gonad- 
otropin, human placental lactogen, and progesterone. 

Human placenta has been shown to possess EGF re- 
ceptors in high concentrations, 500 to 1000 times 
greater than myometrium or endometrium,’ regard- 
less of the gestational age examined. Although some 
reports suggest that EGF receptor concentrations in- 
crease with advancing gestational age,*'® others in- 
dicate that the concentration is highest in early preg- 
nancy.* '' However, despite the wealth of literature on 
EGF and its receptor in placental function, we are aware 
of no studies that describe the presence of EGF receptor 
in the preimplantation trophoblast, as the embryo pre- 
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pares to adhere to and invade the uterine epithelium, 
Such an observation of EGF receptor in periimplan- 
tation trophoblast would provide evidence for an av- 
enue for communication between the implanting em- 
bryo and its environment. 

For obvious practical and ethical reasons, studies in- 
volving the use of periimplantation trophoblast cannot — 
be carried out in humans. As such we chose to examine 
the potential involvement of EGF receptor in implan- - 


tation with rabbits, in which the temporal, physiologic, 


and morphologic aspects of nidation are well charac- 
terized." A conspicuous feature of the rabbit blas- 
tocyst is the appearance of discrete islands of tropho- 
blastic knobs (syncytiotrophoblast) dispersed through- 
out the (nonknob) cytotrophoblast. Because previous 
studies localized the EGF receptor in human placenta 
exclusively to the syncytiotrophoblast, rabbit tropho- 
blastic knobs provide a unique opportunity to examine 
potential roles for EGF receptor in the earliest stages 
of trophoblastic differentiation and implantation. Thus 
we used immunohistochemistry to determine whether 
EGF receptor was expressed on the very earliest, in- 
vasive trophoblast (knob), whether differential expres- 
sion by knob or nonknob trophoblast was exhibited, 
and whether EGF receptor could be demonstrated at 
implantation sites. 


Material and methods 
Adult New Zealand White rabbits used for these stud- 


ies were caged individually in a facility accredited by 
the American Association for Accreditation of Labos  _ 


ratory Animal Care on a 12-hour-light/12-hour-dark 
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Fig. 1. Trophoblastic knobs (k) of embryos from days 7 and 8 can be seen attaching to (A) and 
penetrating (B) the uterine epithelium (g, gland). C, Endometrial blood vessels (V) are breached. 
Note the immunostaining on the surface of the uterine and trophoblastic epithelium and the im- 


munostaining of the endometrial glands. (x 320.) 


photoperiod with free access to food and water. Virgin 
females were mated with bucks of proved fertility, fol- 
lowed by administration of 50 IU of human chorionic 
gonadotropin injected into the marginal ear vein to 
ensure ovulation. The day of mating was defined as 
day 0. As selected gestational ages (days 6 through 14), 
rabbits were anesthetized with Nembutal and uterine 
horns were exposed by laparotomy. After ligation of 
the femoral vessels, the aorta was cannulated and the 
uterus perfused with normal saline solution until 
blanched; this was followed by perfusion fixation with 
10% buffered formaldehyde. A hysterectomy was then 
performed and the animal was killed. Implantation 


sites (6 to 12 per animal) and nonimplantation sites 
were identified grossly, separated, and processed in- 
dividually for light microscopy. 

Immunohistochemical localization of EGF receptor 
was performed on 5 um paraffin sections. After block- 
ing endogenous peroxidases with 0.3% hydrogen per- 
oxide in methanol, tissues were trypsinized briefly and 
nonspecific protein binding was blocked with normal 
horse serum. Tissues were then incubated overnight 
(at room temperature) with monoclonal anti-EGF re- 
ceptor (20 ug protein/ml) (Ab-1, Oncogene Science, 
Inc., Manhasset, N.Y.), which is directed against the 
EGF binding domain. Immunoreactivity was then 
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localized according to routine avidin-biotin com- 
plex methods (Vector Laboratories, Inc., Burlingame, 
Calif.). All sections were lightly counterstained with he- 
matoxylin. Similarly treated sections of human placenta 
were used to verify a positive reaction. In control in- 
cubations, identical sections were treated in the same 
fashion except that the primary antibody (anti-EGF re- 
ceptor) or secondary antibody (biotinylated) was ex- 
cluded. At least two animals were studied at each ges- 
tational day and at least two different implantation sites 
from each animal were examined. 


Results 


Immunoreactivity of the EGF receptor antibody was 
detected on all sections from each gestational day stud- 
ied. During the periimplantation interval, EGF recep- 
tor immunostaining appeared to be expressed primar- 
ily by syncytiotrophoblastic knobs, although some weak 
staining was detected in nonknob cytotrophoblast as 
well. Before implantation, trophoblastic plasma mem- 
branes exhibited intense immunoreactivity, more so on 
the outer surface than on the inner (blastocoele) sur- 
face. Staining was also detected within the trophoblastic 
cytoplasm and over some nuclei. Intense immunoreac- 
tivity was noted at sites of trophoblastic knob attach- 
ment and invasion (Fig. 1), but discrete localization to 
the trophoblast or uterine epithelium was not possible 
in these sections. 

Immunoreactivity was also detected in the uterine 
surface epithelium, being most pronounced where 
knobs were interacting directly with uterine epithelium 
(Fig. 1). In early implantation sites, staining was noted 
most heavily on the antimesometrial aspect of the 
uterus. By gestational day 9, intense immunostaining 
was noted primarily in the paraplacental regions. After 
gestational day 10, most staining was at the embryo- 
maternal interface (Fig. 2), the placental site. Obpla- 
cental giant cells did not exhibit immunoreactivity to 
EGF receptor antibody. 

Fetal membranes were identified from gestational 
day 10. Immunostaining in these tissues was intense 
and unchanged on all days examined (Fig. 2). 

Uterine epithelium in nonimplantation sites from all 
gestational days demonstrated weak immunostaining. 
Glandular epithelium in implantation (Fig. 1) and non- 
implantation sites also demonstrated EGF receptor im- 
munostaining. 


Comment 


We report here evidence for the presence of EGF 
receptor in the trophoblast (knob and nonknob), fetal 
membranes, and uterine epithelium in the rabbit dur- 
ing the periimplantation interval. These results provide 
evidence that the implanting embryo and the receptive 
uterine epithelium are capable of interacting with their 
environment through EGF receptor or transforming 
growth factor-a, which binds to the EGF receptor with 
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Fig. 2. Intense immunoreactivity is evident at implantation 
sites on day 12 throughout the placenta (p), fetal membranes 
(m), and developing embryo (e). (x 160.) 


an affinity equal to that of EGF.” Our observations 
extend those of other authors, who have reported the 
presence of EGF in human uterus, placenta, or fetal 
membranes,'* *!' in the mouse uterus before im- 
plantation, and in the rat uterus during early preg- 
nancy.” 

Although neither EGF nor transforming growth 
factor-a has been identified in endometrium, Bisson- 
nette et al. (presented at the Thirty-sixth Annual 
Meeting of the Society for Gynecologic Investigation, 
San Diego, Calif., Abstract No. 96) recently reported 
the presence of messenger ribonucleic acid for trans- 
forming growth factor-a and EGF in human placenta 
and were able to extract immunoreactive transforming 
growth factor-a and EGF from placental homogenates. 
Hence the ligand for the EGF receptor may be present 
in the uterine environment, but further studies are nec- 
essary to confirm the temporal and spatial aspects of 
EGF and transforming growth factor-a expression at 
the time of implantation. 

Identification of the EGF receptor in trophoblast and 
uterine epithelium at the time of implantation is im- 
portant for many reasons. Binding of EGF to its re- 
ceptor in normal placenta has been shown to stimulate 
human chorionic gonadotropin, human placental lac- 
togen, and progesterone synthesis.*” Of these, human 
chorionic gonadotropin is the first detectable protein 
produced by the trophoblast; it can be measured in 
serum as early as 7 days after ovulation” and in embryo 
culture medium 7 days after in vitro fertilization.” Pla- 
cental lactogen is thought to function as a growth hor- 
mone for the fetus.* Thus EGF, through interaction 
with its receptor, is able to stimulate placental produc- 




















840 ‘Hofmann and J nderson 


tion of critical steroid and peptide hormones that are 
required for successful nidation and continued main- 
tenance of embryo growth and development. 

The EGF—EGF receptor system is the most highly 
studied growth factor—receptor model. Identification 
of this receptor during the periimplantation interval 
may allow a better understanding of the physiology of 
growth factor involvement in embryo-uterine interac- 
tions at the time of implantation, providing evidence 
for an avenue by which the implanting embryo and 
uterine epithelium may receive signals from the uterine 
environment. In addition, the presence of EGF recep- 
tor, which is similar if not identical to the v-erb B on- 
cogene product,” on the invasive component of the 
trophoblast (knob) might provide insight into the mech- 
anism by which the placenta invades the uterine epi- 
thelium. 

Previous studies of first-trimester and term human 
placenta with immunohistochemistry or iodine 125- 
EGF autoradiography demonstrated EGF receptor 
only in the syncytiotrophoblast.* © Our results clearly 
demonstrate EGF receptor immunoreactivity on both 
the knob (syncytiotrophoblast) and nonknob (cytotro- 
phoblast) trophoblast, with the former staining more 
intensely than the latter. The differences in observa- 
tions between this study and the earlier reports may be 
related to the larger proportion of cytotrophoblast ver- 
sus syncytiotrophoblast present in very early stages of 
implantation, making differential identification easier. 
An additional explanation may be related to the envi- 
ronment of the trophoblast in this study (perfused 
in vivo), which is quite different from that of the other 
studies (obtained at the time of pregnancy termination). 
Finally, our observations of EGF receptor in cytoplasm 
may represent the rapid aggregation of cytotrophoblast 
into syncytiotrophoblast or may be specific to the forma- 
tion of syncytiotrophoblastic knobs in this species." ' 
We believe that cytoplasmic immunoreactivity is reflec- 
tive of postsynthesis transport of EGF receptor to the 
cell surface, localization within endocytotic vesicles after 
receptor-mediated endocytosis, or both. 

Immunostaining for the EGF receptor appeared to 
be greater on the surface of the knob facing the uterine 
epithelium than on the blastocoele surface. It is inter- 
esting to speculate that such polarity of the expression 
of the EGF receptor is programmed in anticipation of 
the interaction. of the trophoblast and the uterine ep- 
ithelium, followed by attachment and invasion. The 
EGF receptor immunostaining was very intense at the 
sites of trophoblast-uterine epithelial interaction, which 
persisted as the trophoblast invaded the epithelium to 
reach a maternal vessel. Thus it appears that the EGF 
receptor is associated with embryo-epithelial interac- 
tion and attachment and the invasive nature of the 
trophoblast. 
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In conclusion, these observations suggest that the em- 
bryo is capable of receiving signals from its environ- 
ment through the EGF receptor from the earliest stages 
of embryo-uterine interactions even before endome- 
trial attachment. After attachment, the EGF receptor 
appears to be intimately associated with the invading 
trophoblast. As such, EGF-like substances and the EGF 
receptor likely play an integral role in embryo implan- 
tation, invasion, and fetal growth and development. We 
believe that the rabbit provides an excellent model 
for continued study of the role of implantation and 
developmental events mediated through the EGF re- 
ceptor. 


We are indebted to Britton Wimberly, BS, for assis- 
tance with the rabbit surgery and Gary D. Hodgen, 
PhD, for helpful discussions during the course of this 
investigation. 
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The relationship between experimentally determined litter size 


and maternal blood pressure in spontaneously hypertensive rats 


Robert A. Ahokas, PhD, and Baha M. Sibai, MD 
Memphis, Tennessee 


Pregnancy lowers blood pressure in hypertensive rats. To evaluate the role of the conceptus in maternal 
blood pressure regulation, we measured the changes in systolic blood pressure (by tail-cuff 
plethysmography) throughout gestation and mean arterial pressure, cardiac output, and organ blood flows 
(with radioactive microspheres) on postmating day 21 for calculation of total peripheral and organ vascular 
resistances in spontaneously hypertensive rats with litter size surgically adjusted to 0 to 10 conceptuses 
on postmating day 7. Blood pressure remained elevated in those rats with zero fetuses but decreased 
during the last week of pregnancy in those rats with three or more fetuses. The magnitude of the decrease 
was directly related to litter size. At term, cardiac output was positively correlated (r = 0.61; p < 0.001), 
whereas mean arterial pressure and total peripheral resistance were negatively correlated (r = —0.74; 


p < 0.001 and r = —0.79; p < 0.001, respectively) with litter size. Resistances of all the vascular beds in 
the body, except the kidneys, spleen, and hepatic artery were also negatively correlated with fetal number. 
Thus pregnancy is characterized by a generalized maternal vasodilation, and the fetal/placental unit may 


play a significant role in modulating maternal vascular tone. (AM J OssTeT GYNECOL 1990;162:841-7.) 


Key words: Blood pressure, vascular resistance, pregnancy, spontaneously hypertensive rat 


During the course of normal mammalian pregnancy, 
maternal blood volume and cardiac output increase to 
meet the demands of the expanding uteroplacental cir- 
culation, whereas systemic vascular resistance decreases 
to maintain perfusion of other maternal organs.' The 
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net effect of these opposing cardiovascular changes is 
a moderate decrease or maintenance of blood pressure 
constant. Although evidence suggests that a blunting 
of vascular responsiveness to angiotensin II, and per- 
haps other vasoconstrictors, may play a role in these 
adaptations, the precise mechanisms are still not ccm- 
pletely understood. In hypertensive animals, such as 
the spontaneously hypertensive rat, the vasodilator ef- 
fect of pregnancy has a profound blood pressure— 
lowering effect. During the last week of gestation, blood 
pressure progressively falls and usually reaches nor- 
motensive levels by term.” Thus the spontaneously hy- 
pertensive rat is a unique model in which to study the 
cardiovascular adaptations to pregnancy. 
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Fig. 1. Systolic blood pressure (mean + SEM) at various times during gestation in spontaneously 
hypertensive rats with litter size surgically adjusted to 0 to 10 conceptuses on postmating day 7. 
Asterisk, Significant difference (p < 0.05) from that value on the day of conception. 


It has been reported that the number of live-born 
pups is directly related to the magnitude of the reduc- 
tion in blood pressure and the perinatal mortality rate 
is greater in spontaneously hypertensive rats than in 
normotensive control rats, suggesting that abnormal 
blood pressure regulation during pregnancy adversely 
affects reproductive performance.’ Recently we also re- 
ported that litter size was negatively correlated with 
mean arterial pressure at term in spontaneously hy- 
pertensive rats fed a high-carbohydrate, low-protein 
diet.° Furthermore we observed that maternal placental 
blood flow was also negatively correlated with mean 
arterial pressure, suggesting that maintenance of hy- 
pertension during pregnancy could adversely affect the 
fetus. 

An alternative explanation for the inverse relation- 
ship of maternal blood pressure with litter size could 
be that the conceptus regulates maternal vascular tone. 
More than two decades ago it was reported that the 
magnitude of the antihypertensive effect of pregnancy 
was reduced in renal hypertensive rats by fetal ablation 
at midpregnancy with maintenance of viable placentas 
until term.’ In addition, extracts of newborn rat kidney 
homogenate induced a rapid, transient fall in blood 
pressure when administered intravenously into hyper- 
tensive rats. Thus there is evidence to support a role 
by the conceptus in the regulation of maternal vascular 
tone during pregnancy. 

To further test the hypothesis that the fetal/ placental 
unit plays a role in the regulation of maternal blood 
pressure, this study was undertaken to determine the 
effect of experimental reduction of litter size shortly 
after implantation on the changes in maternal blood 
pressure during the last 2 weeks of pregnancy. In ad- 
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Fig. 2. Relationship between experimentally determined 
litter size and mean arterial pressure (top), cardiac output (mid- 
die), and total peripheral resistance (bottom) on postmating 
day 21. 


dition, we measured cardiac output and organ blood 
flows at term to determine the relationship between 
litter size and total systemic and individual organ vas- 
cular resistances. 
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Fig. 3. Relationship between experimentally determined litter size and gastrointestinal blood flows 
(top) and vascular resistances (bottom) on postmating day 21. 


Material and methods 

This project conforms with the “Guiding Principles 
in the Care and Use of Laboratory Animals” approved 
by the Council of the American Physiological Society 
and with federal laws and regulations. The protocol 
used was approved by the University of Tennessee, 
Memphis, Animal Care and Use Committee. 

Virgin female spontaneously hypertensive rats (10 to 
12 weeks old) were purchased from Harlan Sprague 
Dawley, Inc. (Indianapolis, Ind.). The animals were 
housed four per cage in a room with temperature con- 
trolled at 22° + 2° C with the lights on from 7 AM 
to 7 pm and were fed standard laboratory rodent chow 
(Ralston Purina, St. Louis) with tap water to drink as 
desired. For breeding, females were caged 1:1 with 
mature spontaneously hypertensive rat male breeders 
and vaginal smears were checked each morning for the 
presence of spermatozoa. The day vaginal smears were 
sperm positive was designated as day 0 of gestation and 
the pregnant rats were subsequently housed singly in 
stainless steel wire-bottom cages throughout gestation. 

Systolic blood pressure was measured on days 0, 7, 
and 14 and semidaily during the last week of pregnancy 
by tail-cuff plethysmography after prewarming the rats 
at 30° C for 15 minutes. On day 7 the rats (n = 40) 
were lightly anesthetized with methoxyflurane and a 
midline laparotomy was performed. Litter size was ad- 
justed variably to 0, 2, 4, 6, 8, or 10 conceptuses by 
aspirating embryos through small incisions in the an- 
timesometrial uterine wall.° The uterine wall and ab- 
dominal incisions were sutured closed and the rats were 
injected with penicillin G (30,000 [U/rat, administered 
intramuscularly) and returned to their cages. On day 
21, the day before delivery, the rats were again anes- 
thetized with methoxyflurane and polyethylene cath- 
eters were inserted into the left ventricle of the heart, 
through the right carotid artery, and into the left fem- 
oral artery. The catheters, filled with heparinized 0.9% 
saline solution, were tunneled subcutaneously to the 


back of the neck and led out through a small incision. 
The rats were placed in a Plexiglas restrainer to recover 
from anesthesia, and the arterial catheter was con- 
nected to a Statham P23Gb pressure transducer (Gould 
Inc., Cleveland, Ohio) for continuous recording of 
blood pressure on a Gould 2200S physiologic recorder 
(Gould Inc., Cleveland). After a recovery period of 2 
to 3 hours, cardiac output and organ blood flows were 
measured according to the radioactive-labeled micros- 
phere technique. Briefly, approximately 1 x 10° mi- 
crospheres (15 + 3 pm in diameter suspended in 0.9% 
saline solution with 0.01% Tween 80 added and labeled 
with tin 113 or gadolinium 153) were infused into the 
left ventricle of the heart during a 30-second period 
while simultaneously withdrawing an arterial blood ref- 
erence sample at 0.5 ml/min. The arterial blood ref- 
erence withdrawal was continued for | minute after 
microsphere infusion to ensure that all microspheres 
in transit were collected. The arterial blood reference 
sample was transferred to a y-counting vial. The rat 
was killed with an overdose of anesthetic and the organs 
were removed by dissection, weighed, and placed in 
individual y-counting vials. The remaining carcass was 
skinned, weighed, and cut into small pieces. The skin 
and carcass sections were distributed among several 
‘y-counting vials. The arterial blood reference sample 
and all organs and tissues were counted in a y-well 
counter (Minaxi Gamma Counter A5530; Packard In- 
strument Co., Inc., Downers Grove, Ill.) set at the pho- 
topeak of the isotope used. The counts per minute were 
transferred directly toa DEC PDP 1170 computer (Dig- 
ital Equipment Corp., Marlboro, Mass.) for background 
correction and calculation of cardiac output and organ 
blood flows by the following formulas: Cardiac output 
(ml/min) = (cpm in the whole rat X 0.5 ml/min)/cpm 
in the arterial reference; organ blood flow (ml/min) = 
(cpm in organ X 0.5 ml/min)/cpm in arterial refer- 
ence. Total peripheral resistance and organ vascular 
resistances were calculated by dividing mean arterial 
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Fig. 4. Relationship between experimentally determined litter size and brain, cardiac and renal blood 
flows (top), and vascular resistances (bottom) on postmating day 21. 


pressure by cardiac output and organ blood flows, re- 
spectively. 

The data are presented as mean + SEM. The systolic 
blood pressure data were analyzed by two-way analysis 
of variance, where factor 1 was group (litter size) and 
factor 2 was gestational age. Differences between means 
were determined by the least-squares means method. 
The relationships between litter size and mean arterial 
pressure, cardiac output, total peripheral resistance, 
organ blood flows, and organ vascular resistances were 
analyzed by linear regression analysis. The 95% con- 
fidence interval was accepted as statistical significance 
in all analyses. 


Results 


Fig. 1 illustrates the changes in systolic blood pressure 
throughout gestation in rats with experimentally ad- 
justed litter size. There was a significant interaction 
between group and gestational age (F = 7.42; 
p = 0.001). There were no significant differences be- 
tween groups in systolic blood pressure on the day of 
conception (day 0). Blood pressure remained high 
through postmating day 21 in those rats from which 
all the embryos were removed on postmating day 7. 
Similarly, blood pressure also remained high through- 
out pregnancy ìn those rats in which one or two em- 
bryos remained and blood pressure was not signifi- 
cantly lower than that of the rats with zero fetuses on 
postmating day 21. In the rats with litters of three or 
more fetuses, however, blood pressure fell progres- 
sively during the last 7 days of pregnancy. The mag- 
nitude of this decrease was directly related to litter size 
and was greatest in those rats carrying 8 to 10 fetuses. 

Fig. 2 illustrates the relationship between litter size 
and maternal hemodynamics on postmating day 21 
for the 36 rats from which we were able to obtain 
cardiac output and organ blood flow data. Mean arter- 
ial blood pressure was inversely and significantly 
(r = —0.74; p= 0.001) correlated with litter size, 
whereas cardiac output was significantly positively 


(r = 0.61; p = 0.001) correlated with litter size. There- 
fore total peripheral vascular resistance was nega- 
tively (r = —0.79; p < 0.001) correlated to conceptus 
number. 

Blood flows and resistances of the gastrointestinal 
tract, the major fraction of the splanchnic circulation, 
are illustrated in Fig. 3. Blood flow was not correlated 
with conceptus number in the stomach and large in- 
testine, but blood fiow to the small intestine was posi- 
tively correlated with litter size. The calculated vascular 
resistances of the gastrointestinal organs were signifi- 
cantly negatively correlated with litter size. Hepatic ar- 
tery and spleen blood flows and resistances were not 
significantly related to litter size (data not shown). Car- 
diac, but not brain, perfusion was borderline signifi- 
cantly positively correlated to litter size, whereas both 
cardiac and brain vascular resistances were significantly 
negatively correlated with litter size (Fig. 4). Neither 
renal blood flow nor resistance was significantly cor- 
related with litter size. Blood flows to the skin and car- 
cass (skeletal muscle and bone) were both significantly 
positively correlated to conceptus number and their 
vascular resistances were negatively correlated to con- 
ceptus number (Fig. 5). The relationships between re- 
productive organ hemodynamics and litter size are il- 
lustrated in Fig. 6. Ovarian and uterine wall blood flows 
were not significantly related to conceptus number, but 
there was a significant positive correlation between pla- 
cental perfusion and litter size. There was a significant 
negative correlation between the vascular resistances of 
all three fractions of reproductive organ blood flow and 
litter size. 


Comment 

The antihypertensive effect of pregnancy in vari- 
ous models of experimental hypertension, including 
genetic hypertension, in rats has been well docu- 
mented.** °% The reduction in blood pressure is man- 
ifest in the second half of pregnancy and reaches a 
maximum 1 to 2 days before delivery. Although the 
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Fig. 6. Relationship between experimentally determined litter size and ovarian, uterine wall, and 
placental blood flows (top) and vascular resistances (bottom) on postmating day 21. 


factors involved are still not known, peripheral vaso- 
dilation is responsible for this decrease in blood pres- 
sure.*° The present results in spontaneously hyperten- 
sive rats confirm these observations. The decrease in 
blood pressure cannot be solely the result of the num- 
ber of placentas present because the resistances of vir- 
tually all of the vascular beds in the body, not just the 
uteroplacental circulation, are inversely related to litter 
size. This strongly suggests that the fetal-placental unit 
plays an important role in regulating maternal systemic 
vascular tone and blood pressure during pregnancy. 
The direct relationship between the magnitude of 
the fall in blood pressure and the naturally occurring 
fetal number or litter weight was first reported in 1964.2 
It was observed in several models of experimental hy- 
pertension in rats that the fall in blood pressure was 
greatly attenuated in rats that delivered few pups com- 
pared with those with large litters. Furthermore, if the 


fetuses were destroyed late in pregnancy (postmating 
day 16) without damage to the placenta, the magnitude 
of the fall in maternal blood pressure was also greatly 
reduced, suggesting that it was the fetus that was re- 
sponsible for the reduction in maternal blood pressure 
during pregnancy.’ Intraperitoneal transplantation of 
rat newborn kidney cell suspension into renal hyper- 
tensive rats also produced a gradual decrease in blood 
pressure, whereas transplantation of placental or new- 
born liver and spleen cell suspensions had no effect on 
recipient blood pressure. Intravenous injection of a 
crude extract of rat newborn kidney homogenate also 
induced an immediate but transient fall in blood pres- 
sure.” Thus it was proposed that the fetal kidneys play 
an important role in the antihypertensive effect of 
pregnancy by secreting some antihypertensive sub- 
stance that is transferred across the placenta to the 
maternal circulation. The extensive work by Muirhead 
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et al.!? demonstrating that adult renomedullary tissue 
secretes a neutral lipid substance that exerts an anti- 
hypertensive action tends to support this hypothesis. 

Kubota and Yamada" also recently reported that 
plasma from late pregnant spontaneously hypertensive 
rats injected intravenously into anesthetized male or 
nonpregnant female spontaneously hypertensive rats 
produced a marked, transient fall in blood pressure, 
suggesting the presence of a circulating antihyperten- 
sive factor. However, we have not been able to confirm 
their results. Intravenous bolus injection of term- 
pregnant spontaneously hypertensive rat plasma into 
conscious, nonpregnant spontaneously hypertensive 
rats did not acutely induce any change in blood pres- 
sure (unpublished results). However, this is not to say 
that a circulating hypotensive substance does not exist 
in late pregnancy. The volume of plasma injected rel- 
ative to the total blood volume of the recipient may 
have been too small and the dilution of such a factor 
too great for any effect on blood pressure to be ob- 
served. Furthermore, the effect of such a factor may 
be so short and the substance so labile that continuous 
infusion is necessary to induce vasodilation. Additional 
experiments cross-circulating term-pregnant and non- 
pregnant spontaneously hypertensive rats are in prog- 
ress to confirm or deny the presence of a circulating 
hypotensive factor during pregnancy. 

Alternatively, the fetal-placental unit may regulate 
maternal vascular tone and blood pressure indirectly 
rather than directly. Evidence is accumulating indicat- 
ing that the function of the corpus luteum is under 
fetal-placental control in rats. Relaxin, a polypeptide 
hormone that relaxes uterine smooth muscle and is 
produced in large amounts by the corpus luteum dur- 
ing the last half of pregnancy in rats, has recently been 
shown also to have a vasodepressor action when infused 
chronically into rats.‘ Furthermore, it has also been 
shown that corpus luteum production and secretion of 
relaxin is directly related to fetal-placental number.” 
On the basis of these observations, it is tempting to 
speculate that endogenous relaxin might play a role in 
the vasodilating effect of pregnancy. To test this hy- 
pothesis, we measured the changes in blood pressure 
in pregnant spontaneously hypertensive rats and nor- 
motensive Wistar-Kyoto rats that were bilaterally ovari- 
ectomized on postmating day 13 (pregnancy was main- 
tained by daily administration of 176-estradiol and 
progesterone) to eliminate the source of endogenous 
relaxin. Blood pressure of the ovariectomized rats de- 
creased normally during the last week of gestation, 
however, and was not significantly different from that 
of sham-oophorectomized rats.'* Thus it would seem 
that endogenous relaxin does not have a vasodilator 
role in pregnancy. 

Another possible modulator of maternal vascular 
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tone during pregnancy may be the steroid 17B- 
estradiol. Infusion of 17B-estradiol into nonpregnant 
ovariectomized sheep has been shown to increase car- 
diac output with a significant reduction in systemic 
vascular resistance, although mean blood pessure 
remained unchanged.” In addition, 17f-estradiol- 
infusion attenuated the pressor responsiveness to an- 
giotensin II, similar to that seen in pregnancy. There 
is a marked increase in steroid production after day 12 
of pregnancy in rats and it has been clearly shown that 
a direct relationship exists between experimentally de- 
termined conceptus number and the production of es- 
trogens and progesterones during the last half of preg- 
nancy.® Furthermore, naturally occurring differences 
in litter size have also been shown to be directly related 
to serum estradiol level.'* The probable site of 17B- 
estradiol production is the corpus luteum itself, because 
the rat placenta has little aromatizing ability and does 
not produce estradiol, but the question of how the fetal- 
placental unit regulates corpus luteum 178-estradiol 
secretion remains unanswered.” Luteotropic activity of 
rat placental extracts and pregnant rat serum has been 
well documented, but the identity of the luteotropic 
substance is uncertain.” l 

In summary, the results of this study suggest that the 
fetal/placental unit has a prominent role in the regu- 
lation of maternal systemic vascular tone and blood 
pressure during pregnancy, at least in hypertensive an- 
imals. Whether this control is direct (i.e., by the pro- 
duction and secretion of a hypotensive hormone into 
the maternal circulation) or indirect (i.e., by regulating 
the function of corpus luteum) remains to be clarified. 


We are grateful to Mr. Ed B. Cannon for his technical 
assistance and Mr. Kristopher Arheart for his assistance 
in the statistical analysis of the data. 
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Deoxyribonucleic acid flow cytometric analysis of cervical 
adenocarcinoma: Prognostic significance of deoxyribonucleic 


acid ploidy and S-phase fraction 


Arto Leminen, MD, Jorma Paavonen, MD,’ Ervo Vesterinen, MD,’ Matti Forss, PhD, 
Torsten Wahlström, MD,’ Pirkko Kulomaa, MSc, and Matti Lehtinen, MD* 


Helsinki and Tampere, Finland 


Paraffin-embedded tumor samples from 125 patients with cervical adenocarcinoma were analyzed by 
deoxyribonucleic acid flow cytometry. Thirty-one percent of the tumors were aneuploid. Triploid 
deoxyribonucleic acid content predominated (51.3%) and one third of the deoxyribonucleic acid aneuploid 
tumors were tetraploid, whereas near-diploid deoxyribonucleic acid aneuploidy was seen. infrequently. 
Deoxyribonucleic acid aneuploidy was associated with tumor size, histologic grade, clinical stage, and high 
S-phase fraction. Deoxyribonucleic acid ploidy and S-phase fraction value were independent prognostic 
parameters, together with the presence of lymph node metastases and tumor size. In conclusion, our 
results indicate that flow cytometric deoxyribonucleic acid analysis helps to predict the prognosis and may 
thus influence the choice of treatment. (Am J OssteT GYNECOL 1990;162:848-53.)} 


Key words: Aneuploidy, cervical adenocarcinoma, flow cytometry, prognosis, S-phase 


Tumor deoxyribonucleic acid (DNA) ploidy and 
S-phase fraction have diagnostic and prognostic value 
in various human malignancies.'* Several studies have 
shown that aneuploid cellular DNA content and high 
S-phase fraction implicate poor prognosis in cervical 
squamous cell carcinoma.®” These flow cytometric pa- 
rameters appear to be independent prognostic factors 
not related to the conventional clinical stage, tumor 
volume, lymph node metastases, or grade of differ- 
entiation.*" Cervical adenocarcinomas have not been 
studied extensively by flow cytometry, and the prog- 
nostic significance of DNA ploidy pattern and S-phase 
fraction has remained unknown. 

In this study we have analyzed 125 cervical adeno- 
carcinomas by DNA flow cytometry. Tumor DNA 
ploidy and S-phase fraction were determined and eval- 
uated for independent prognostic significance by ad- 
justing for the effects of other prognostic factors. 


Material and methods 

Patients. One hundred fifty-one patients with cer- 
vical adenocarcinoma diagnosed and treated at the Hel- 
sinki University Central Hospital between 1956 and 
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1980 were entered into the study. The mean age was 


_ 56 years (range 29 to 81); 63.2% were postmenopausal 


(Table I). Twenty-six cases (17.2%) were excluded from 
further analysis because of unsatisfactory DNA histo- 
grams. The clinicopathologic features of the remaining 
125° cases are shown in Table I. The original histo- 
pathologic diagnoses were verified by one of us (T. W.). 
The tumors were classified according to the Interna- 
tional Federation of Gynecology and Obstetrics.” The 
principles of treatment and follow-up of the patients 
have been described in detail elsewhere.'* “ 

Flow cytometric analysis. Paraffin-embedded tissue 
was processed for DNA flow cytometry by the trypsin- 
digestion method of Schutte et al.’ as described be- 
fore.'* Briefly, a 30 pm section from the paraffin- 
embebbed tumor was dewaxed, rehydrated, and di- 
gested overnight with trypsin. The nuclear suspension 
was stained with ethidium bromide, treated with ri- 
bonuclease, and analyzed with an EPICS C (Coulter 
Electronic Inc., Hialeah, Fla.) flow cytometer with 
488 nm excitation. DNA indexes of aneuploid peaks 
and the coefficient of variation of all DNA peaks were 
calculated with the Statpack program of the equipment. 
Tumors with DNA indexes of 1.00 were considered 
diploid, 1.05 to 1.25 near-diploid, 1.25 to 1.85 triploid, 
and 1.85 to 2.2 tetraploid, respectively. Only histograms 
with a diploid DNA peak and coefficient of variation 
below 7.5% were regarded as satisfactory and subjected 
to further analysis. 

Statistical methods. Clinocopathologic parameters 
and the results from DNA flow cytometry were pro- 
cessed with a VAX Computer of Helsinki University 
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Table I. Clinical and histologic characteristics of 125 cases of cervical adenocarcinoma: Relation to DNA 
ploidy and S-phase fraction 







Characteristic 


Total No. 
Age (yr) 
<60 75 60.0 
>60 50 40.0 
Menopause 
Premenopausal 46 36.8 
Postmenopausal 79 63.2 
Stage 
I 71 56.8 
u 25 20.0 
Ill 26 20.8 
IV 3 2.4 
Histologic grade p 
1 31 27.4 
2 53 46.9 
3 29 25.7 
Histologic type 
Adenocarcinoma 114 91.2 
Adenosquamous carcinoma 11 9.8 
Tumor size (cm) t 
<2 63 50.4 
2-4 29 23.2 
>4 33 26.4 
Lymph node metastases 
No 77 79.4 
Yes 20 20.6 


DNA-aneuploid 


S-phase fraction 


tumor 


31.2 99 79.8 25 20.2 
32.9 60 80.0 15 20.0 
30.0 39 79.6 10 20.4 
28.3 38 82.6 8 17.4 
32.9 6l 77.2 18 22.8 
26.8 60 84.5 11 15.5 
20.0 21 84.0 4 16.0 
50.0 18 69.2 8 30.8 
66.7 1 33.3 2 66.7 
38.7 24 77.4 7 22.6 
37.7 43 81.1 10 19.9 
17.2 23 79.3 6 20.7 
31.5 92 80.7 22 19.3 
27.2 8 72.7 3 27.3 
20.6 54 85.7 9 14.3 
37.9 22 75.9 7 24.1 
45.5 23 69.7 10 30.3 
24.6 62 80.5 15 19.5 
25.0 17 85.0 3 15.0 


Table II. Association of tumor stage with tumor DNA-ploidy pattern among 125 patients with 


cervical adenocarcinoma 







Stage I 





DNA ploidy % 
Diploid* 86 68.8 52/71 73.2 
Aneuploid 39 31.2 19/71 26.8 
Near-diploidt 6 15.4 5/19 26.4 
Triploid} 20 51.3 7/19 36.8 
Tetraploid§ 13 33.3 7/19 36.8 


*DNA index = 1. 

+DNA index = 1.05 to 1.25. 
DNA index = 1.25 to 1.85. 
§DNA index = 1.85 to 2.2 


Central Hospital Computer Centre with the BMDP Sta- 
tistical Software Package.'* Survival curves were cal- 
culated with the BMDPIL program and survival anal- 
yses with covariates (Cox model, multivariate analysis) 
with the BMDP2L program. Statistical significance of 
survival differences was calculated by Mantel-Cox test. 
The prognostic significance of DNA flow cytometry was 
assessed by calculating the relative risk of death by ad- 
justing for the effects of other known prognostic factors 







_ No./ total No./total 


Stage II 


Stage II 


No./total % 


20/25 80.0 13/26 50.0 1/3 33.3 
5/25 20.0 13/26 50.0 2/3 66.7 
0/5 1/13 7.7 0/2 
5/5 100.0 7413 53.8 1/2 50.0 
0/5 5/13 38.5 1/2 50.0 


(histologic grade, stage, primary tumor size, and lymph 
node metastases). 

Analysis of variance was calculated by the BMDP7D 
and BMDP4F programs, and Student ż tests were per- 
formed by the BMDP3D program. 


Results 


Clinicopathologic correlations. Good-quality DNA 
histograms were obtained in 125 (82.8%) of the 151 
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Fig. 1. Representative DNA histograms obtained from 
paraffin-embedded cervical adenocarcinoma specimens. Dip- 
loid (d) and aneuploid (a) peaks and the S-phase fraction (s) 
are marked. 1, DNA-diploid tumor: DNA index, 1.00; S-phase 
fraction, 2.2; coefficient of variation, 5.7. 2, DNA-aneuploid 
tumor: DNA index, 1.83; S-phase fraction, 16.7; coefficient 
of variation, 7.5. 3, DNA-aneuploid tumor: DNA index, 1.91; 
S-phase fraction, 15.8; coefficient of variation, 5.6. 


cases studied (Fig. 1). Eighty-six (68.8%) of the tumors 
were diploid and 39 (31.2%) were aneuploid. A ma- 
jority (20/39; 51.3%) of the aneuploid tumors were 
triploid (Table II). The DNA index ranged from 1.0 
to 2.39. DNA aneuploidy was associated with poor his- 
tologic differentiation, clinical stage, and tumor size 
(Table I) but not with age, histologic type, or presence 
of lymph node metastases (Table I). 

S-phase fraction could be calculated reliably in 124 
(99.2%) of the 125 cases. S-phase fraction was higher 
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in DNA-aneuploid (mean, 14.9%; SE, 0.8%) than in 
DNA-diploid tumors (mean, 4.5%; SE, 0.3%) (p< 
0.001) (Table III). The median S-phase fraction value 
was 14%. DNA-diploid early-stage (I and II) tumors 
more often had below-median S-phase fraction values 
(61/72; 85.4%) than had advanced-stage (III and IV) 
tumors (8/14; 55.2%) (p < 0.05). DNA-aneuploid tu- 
mors also showed statistically significant differences: 
below-median S-phase fraction values were seen more 
often in the early-stage tumors (10/24; 41.7%) com- 
pared with the advanced-stage tumors (2/15; 15.4%) 
(p < 0.05). 

Prognostic significance of DNA ploidy and S-phase 
fraction. The relative importance of the conventional 
prognostic factors was evaluated in a Mantel-Cox 
model. The cumulative 5-year survival rate for-all the 
patients was 57.6% (corrected rate, 59.5%) and for 
stages I, II, III, and IV 73.2%, 40.0%, 34.2%, and 
33.3%, respectively. The trend was statistically signifi- - 
cant (p < 0.0001). The primary tumor size and nodal 
status were also correlated to the 5-year survival rate: 
tumor size and lymph node metastases were the most 
important prognostic factors in the multivariate sur- 
vival analysis (Table IV). 

The survival rate of patients with DNA-diploid tu- 
mors was significantly better than that of patients with 
DNA-aneuploid tumors (p < 0.001) (Fig. 2). The DNA 
index also had prognostic importance. Tumors with a 
triploid DNA content were associated with a worse 


"prognosis (5-year survival rate, 20.0%) than were those 


with either near-diploid (5-year survival rate, 66.6%) 
or tetraploid (5-year survival rate, 46.1%) DNA content 
(p < 0.001). 

S-phase fraction also showed significant correlation 
with prognosis. For tumors with below median S-phase 
fraction (<14%), the 5-year survival rate was 63.6%, 
the corresponding rate being 32.0% for tumors with 
above-median S-phase fraction value (p < 0.004) (Fig. 
3). The below-median S-phase fraction predicted better 
prognosis for both DNA-diploid and DNA-aneuploid 
tumors. 

When all prognostic variables were analyzed stepwise 
by Cox’s regression model (multivariate analysis), tu- 
mor size (p < 0.0001), lymph node metastases (p < 
0.0001), DNA ploidy (p < 0.0002), and S-phase frac- 
tion (p < 0.007) proved to be independent prognostic 
factors (Table IV). 

The treatment modalities were not included in the 
Cox regression model. To obtain information on the 
actual prognostic significance of flow cytometric find- 
ings independent of the treatment, the survival analyses 
were done separately among similarly treated cases. 
Seventy-one patients had stage 1b to lla tumors and 
all had undergone radiation (intracavitary or external) 
and operative treatment. Of the 71 patients, 57 (80.3%) 
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Diploid (N 86) 67.4% 
Near-diploid (N 6) 66.7% 


Tetraploid (N 13) 46.1% 


Triploid (N 20) 20.0% 


Time (months) 


18 24 30 36 42°48 54 60 ` 


Fig. 2. Five-year survival ratés by DNA ploidy in cervical adenocarcinoma. 


Table III. Association of S-phase fraction with tumor DNA ploidy among 125 patients with 
cervical adenocarcinoma* 






DNA ploidy 


<14% ~ 


S-phase fraction 










>14% 





Diploidt . 69.4 84/99 84.8 2/25 8.0 4.5 0.3 

Aneuploid , 30.6 15/99 15.2 23/25 92.0 14.9 0.8 
Near-diploidł 6 15.8 -4/15 26.7 2/23 8.7 10.8 2.3 
Triploid§ 19 50.0 7115. . 466'. 12/23 52.2 16.1 1.1 
Tetraploid] 13 34.2 4/15 26.7 9/23 39.1 14.2 1.1 

*One case is excluded because of inadequate S-phase fraction value. 

TDNA index = 1. 

DNA index = 1.05 to 1.25 

§DNA index = 1.25 to 1.85. 


IDNA index = 1.85 to 2.2 


had diploid and 14 (19.7%) had aneuploid tumors. 
The 5-year survival rates for DNA-diploid and DNA- 
aneuploid tumors were 78.9% ad 64.3%, respectively 
(difference not significant). Low S-phase fraction was 
found in 62 (87.3%) cases and high S-phase fraction in 
9 (12.7%) cases. The 5-year survival rates for low and 
high S-phase fraction tumors were 79. 0% and 50.0%, 
respectively (difference not significant). Although the 
figures point in the same direction as above, aS did 
not reach statistical significance. 


Comment 


Overall, DNA aneuploidy was seen in one third of 
the cervical adenocarcinomas. About half of the aneu- 
ploid tumors were triploid. In endometrial adenocar- 
cinoma the prevalence of DNA aneuploidy has been 
reported to be about the same (33% to 27%), and 


also the DNA-aneuploid endometrial adenocarcinomas 
were mostly triploid.'*-° On the other hand, in cervical 


_ Squamous cell carcinomas the prevalence of DNA an- 


euploidy has been reported to be clearly different 
(around 65%). 

This study shows that DNA aneuploidy is an inde- 
pendent predictor for survival in cervical adenocarci- 


noma. Our previous studies of ovarian and breast can- 


cer and unfavorable non-Hodgkin lymphomas also 
have emphasized the prognostic value of DNA aneu- 
ploidy.” Rutgers et al.” found the same in cervical 
squamous cell carcinoma. We also found that patients 


` with triploid tumors had an especially low survival rate. 


Thus the demonstration of triploid DNA content in 
cervical adenocarcinoma should be’ considered an in- 
dicator of an aggressive disease. 

S-phase fraction was also shown to be an independent 
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Fig. 3. Five-year survival rates by S-phase fraction (SPF) in cervical adenocarcinoma. 


Table IV. Univariate and multivariate survival analysis in 125 patients with cervical adenocarcinoma. 
Relative risk of death according to stage, histologic grade, tumor size, lymph node metastases, DNA 
ploidy, and S-phase fraction 












Univariate analysis Multivariate analysis 


95% Confidence 95% Confidence } 
No. Mean. interval p Value Mean interval 








Characteristic p Value 





Stage 
I 71 1.0 1.0 
Il 25 3.6 1.8-7.4 0.9 0.3-2.4 
II 26 4.5 2.3-9.1 <0.0001 0.8 0.3-2.4 0.623 
IV 3 6.7 1.5-29.5 3.7 0.6-24.6 : 
Histologic grade 
1 31 1.0 1.0 
2 53 1.5 0.7-3.1 ` 0.643 1.4 0.7-3.0 0.133 
3 29 4 1.0-2.1 1.4 0.9-2.2 
Tumor size (cm) 
<2 63 1.0 i 1.0 
2-4 29 3.2 1.4-7.0 <0.0001 2.2 1.0-5.0 <0.0001 
>4 33 2.9 2.0-4.1 1.4 0.8-2.5 
Lymph node metastases 
No 77 1.0 <0.0001 1.0 <0.0001 
Yes 20 4.8 2.3-10.4 3.2 1.2-8.7 
DNA ploidy 
Diploid 86 1.0 0.0002 1.0 0.015 
Aneuploid 39 2.8 1.6-4.9 2.6 1.4-5.0 
S-phase fraction 
<14% 99 1.0 0.0008 1.0 0.007 
>14% 25 2.7 ` 1.5-4.8 2.4 1.3-4.3 
prognostic factor in cervical adenocarcinoma. In cer- histologic findings,” *! S-phase fraction was an impor- 
vical squamous cell carcinoma, Strang et al.” and Rut- tant prognostic factor, but this was not the case in aneu- 
gers et al.”' have shown a correlation between S-phase ploid ovarian cancer” or non-Hodgkin lymphomas 
fraction and survival. In our previous studies on breast with unfavorable histologic factors.** The difference 


cancer and non-Hodgkin lymphomas with favorable between these various tumors probably indicates dif- 
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ferences in their intrinsic proliferation activity. Cervical 
adenocarcinoma seems to lie between rapidly and 
slowly proliferating tumors. Combining DNA ploidy 
pattern and S-phase fraction, tumors can .be classified 
into different prognostic subgroups," Tumors with 
diploid DNA content and low S-phase fraction show 
the best prognosis in cervical adenocarcinoma. 

In our patients the conventional prognostic factors, 
presence of lymph node metastases, and tumor size 
were independent prognostic markers, whereas clinical 
stage and histologic grade were not. Flow cytometric 
DNA analysis adds a new prognostic indicator for cer- 
vical adenocarcinoma. 
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Studies on cervical intraepithelial neoplasia: The level of 
octadeca-9,11-dienoic acid and measurement of free radical 
content by electron spin resonance spectroscopy 


David G. Wickens, PhD," Michael J. Davies, PhD, John Fairbank, MRCOG,"* 


Sun Kuie Tay, MRCOG,” Trevor F. Slater DSc, PhD, and 


Thomas L. Dormandy, DSc, FRCPath* 
London and Middlesex, England 


The efficacy of electron spin resonance spectroscopy (a technique that measures free radicals) in 
detecting cervical intraepithelial neoplasia was evaluated in 68 women. In addition, electron spin 
resonance spectroscopic data were correlated with the phospholipid-esterified octadeca-9,11-dienoic acid 
(18 :2(9,11))/octadeca-9,12-dienoic acid (18:2(9,12)) molar ratio, a suggested marker of free radical 
damage to linoleic acid. incubation of cervical epithelial celis with the spin-trap N-tert-butyl-a-phenyinitrone 
and subsequent examination by electron spin resonance spectroscopy gave signals from a nitroxide 
radical, which has been tentatively assigned to an adduct from either a carbon-centered lipid radical or a 
lipid alkoxyl radical; no significant differences in either the type of radical detected or the intensity of the 
signals was found between patients with cervical intraepithelial neoplasia and normal control subjects. 
There was no significant correlation between the intensity of the electron spin resonance signal and the 
phospholipid-esterified 18:2(9,11)/18:2(9,12) molar ratio. This finding provides no support for the 
classification of 18:2(9,11) as a “free radical product.” (AM J OssteT Gynecol 1990;162:854-8.) 


Key words: Cervical intraepithelial neoplasia, electron spin resonance spectroscopy, 


octadeca-9,11-dienoic acid, free radical 


It has long been recognized that free radicals (mo- 
lecular and atomic species with an unpaired electron) 
are widely distributed in normal tissues, generally in 
low concentrations."* Altered levels of free radical gen- 
eration have been implicated in a number of human 
diseases such as inflammation,’ ischemia-reperfusion 
injury,’ and cancer.” ° Because free radicals are gen- 
erally very reactive and present in low concentrations, 
most workers have relied on the measurement of prod- 


ucts arising from radical reactions, principally those | 


from polyunsaturated lipids, as indicators of the level 
of radical generation rather than of the free radicals 
themselves. One such proposed product is octadeca- 
9,11-dienoic acid.” This simple isomer of linoleic acid 
can be generated in studies in vitro when linoleic acid 
is exposed to free radicals in the presence of protein.® 
However, this comopund is present in dairy produce,’ 
and recent work has demonstrated that it can be gen- 
erated by certain anaerobic bacteria isolated from hu- 
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man sources." It was suggested in earlier work that the 
estimation of phospholipid-esterified octadeca-9,11- 
dienoic acid might distinguish between normal and pre- 
cancerous cervical cells, and this might form the basis 
of a screening procedure for cervical precancer.'' More 
recent work and work from other groups have been 
unable to confirm this initial finding,’* *"" 

Electron spin resonance spectroscopy can quantita- 


„tively measure the concentration of free radicals di- 


rectly. However, the high reactivity and hence short 
half-lives of most radicals in biologic systems can make 
detection difficult. To circumvent this problem, two 
alternative approaches have been developed: rapid 
freezing of the sample, which prolongs the lifetime of 
the radicals present, and spin trapping, in which an 
agent (the spin trap) is added to the reaction sys- 
tem, which will react with highly reactive radicals to 
give relatively long-lived, easily detectable radical ad- 
ducts.'* '7 Using. the former approach, Slater and 
Cook" and Benedetto et al. have demonstrated strong 
electron spin resonance signals (probably caused by a 
lipid peroxyl radical) from frozen normal samples of 
human cervix. This electron spin resonance signal is 
markedly reduced, or abesnt, in many cases of cervical 
cancer. However, this type of experiment uses large 
quantities of tissues (about 150 mg) and, while provid- 
ing fundament information, cannot be used routinely 
for clinical studies. 
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ESR spectroscopy and 18:2(9,11) in CIN 855 
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Fig. 1. Electron spin resonance spectrum observed on incubation of cervical cells from a patient 
with cervical intraepithelial neoplasia for 30 minutes with the spin-trap PBN (10 mmol/L). Spin 
adducts were extracted and electron spin resonance spectra recorded as described in Patients and 
methods. Electron spin resonance spectrometer settings were: gain, 3.2 x 10°; modulation ampli- 
tude, 0.05 mT; time constant, 0.5 seconds; scan time, 1000 seconds, field, 347.5 mT; field scan, 
5 mT; power, 10 mW; and frequency, 9.73 GHz. (@, lines for species A; A, lines for species B.) 


This study was undertaken with two objectives: first, 
to investigate whether electron spin resonance spec- 
troscopy with a spin trap can distinguish between nor- 
mal and precancerous cervical cells collected by a stan- 
dard cervical smear procedure, a system that could be 
of far greater clinical use than that described above, 
and second, to determine whether a positive correlation 
exists between the concentration of phospholipid- 
esterified octadeca-9,11-dienoic acid and the observed 
electron spin resonance signal(s); such a correlation 
would point to a free radical origin for octadeca-9,1 1- 
dienoic acid in vivo. 


Patients and methods 


Patients and control subjects. An unselected cohort 
of 42 patients referred to a colposcopy clinic for eval- 
uation of an abnormal Papanicolaou smear were stud- 
ied. The presenting cytological abnormalities were mild 
dyskaryosis (n = 16), moderate dyskaryosis (n = 15), 
and severe dyskaryosis (n = 11). A control group 
(n = 26) was recruited from women attending a gen- 
eral gynecological outpatient clinic for reasons unre- 
lated to cervical cancer. All control subjects had had a 
negative cervical smear in the preceding 12 months and 
all gave permission for the taking of a further cervical 
smear. This study was approved by the Islington Health 
Authority Ethical Committee. 

Methods. Cervical cells were collected .by gently 
scraping the cervix three or four times with an Ayer’s 
spatula. The scrapings were washed into 10 ml of 
phosphate-buffered saline solution (20 mmol/L di- 
basic potassium phosphate/sodium phosphate in 154 
mmol/L sodium chloride; pH 8.0) and mixed well. One - 

‘hundred microliters of solution was removed for a 
manual cell count by a standard procedure with an 
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Fig. 2. Electron spin resonance (ESR) signal intensity of spin 
adducts obtained from cervical cells from normal women and 
women with cervical intraepithelial neoplasia (C/N) incubated 
for 30 minutes with the spin-trap PBN (10 mmol/L). Spec- 
trometer settings are as shown in Fig. 1. 
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Fig. 3. Electron spin resonance (ESR) signal intensity of cervical epithelial cells from normal women 
(®) and women with cervical intraepithelial neoplasia (©) incubated for 30 minutes with the spin- 
trap PBN (10 mmol/L) correlated with epithelial cell counts. Electron spin resonance spectrometer 


settings are as shown in Fig. 1. 


alcian blue stain and an improved Neubauer counting 
chamber. Then 4.9 ml of solution was removed for the 
high-performance liquid chromatographic determi- 
nation of octadeca-9,11-dienoic acid and linoleic acid 
as described, with the exception that the internal stan- 
dard concentration used was 2.5 wmol/L.”° The re- 
maining 5 ml of solution was spun at 1000 g for 
3 minutes and the supernatant was removed and 
replaced with 5 ml of 10 mmol/L N-tert-butyl-c- 
phenylnitrone (PBN; Aldrich Chemical Co., Dorset, 
U.K.) in 20 mmol/L of phosphate-buffered saline so- 
lution. In all cases the spin-trap PBN was added within 
10 minutes of the cells being collected. The cells were 
resuspended by mixing in a vortex, transferred to a 
glass tube, and incubated at room temperature for 30 
minutes with continuous mixing. On completion of the 
incubation period, 1 ml of cold toluene was added and 
the tubes were mixed in a vortex for 30 seconds fol- 
lowed by centrifugation at 1000 g for 5 minutes to 
facilitate the separation of phases. The toluene phase 
was removed and placed into a cryotube that was im- 
mediately immersed in liquid nitrogen. A PBN blank 
was performed with each batch of patient samples. 
Samples were maintained in liquid nitrogen until elec- 
tron spin resonance spectra were recorded. 

Electron spin resonance spectroscopy. Electron spin 
resonance spectra of the thawed toluene extracts were 
recorded at room temperature with either a Bruker ER 
200D or ESP 300 X-band spectrometer equipped with 


100 kHz modulation (Bruker Instruments, Inc., Bil- 
lerica, Mass.). Hyperfine coupling constants were mea- 
sured directly from the field scan with 1 mT marker 
signals from a Bruker ER 035M gaussmeter for cali- 
bration. All spectra were recorded under identical spec- 
trometer conditions. 


Results 


With the spin-trap approach, electron spin resonance 
signals were obtained from all incubated cervical scrap- 
ings whether from normal women or from women with 
abnormal cervical smears. A representative spectrum 
is shown in Fig. 1. The observed spectra consist of ab- 
sorptions from two radical species. The first of these, 
which is the major species present (species A), com- 
prises six lines with hyperfine coupling constants ay 
1.356 and au 0.186 mT; the second radical (species B), 
which is present at very low concentrations, consists of 
a triplet signal (partially obscured by the absorptions 
from the major radical) with a hyperfine coupling con- 
stant ay 1.54 mT. The parameters of the former signal 
identify this species (by comparison with previous 
data*') as being caused by an adduct from either a lipid 
carbon radical or an alkoxyl radical, with the latter pos- 
sibility being more likely. The second, weak signal is 
caused by degradation of the spin trap. There was no 
significant difference in either the type of signals de- 
tected or the electron spin resonance signal height per 
10° epithelial cells of the major radical on incubation 
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Fig. 4. Electron spin resonance (ESR) signal intensity of cervical epithelial cells from normal women 
(©) and women with cervical intraepithelial neoplasia (©) incubated for 30 minutes with the 
spin-trap PBN (10 mmol/L) correlated with the phospholipid-esterified octadeca-9,11-dienoic 
acid /octadeca-9,12-dienoic acid molar ratio (MR). Electron spin resonance spectrometer settings are 


as shown in Fig. 1. 


and cervical cells obtained from normal women (7.75 + 
9.69 cm/10° cells) compared with those obtained from 
women with abnormal cervical smears (5.76 + 13.75 
cm/10° cells) (Fig. 2). Indeed, there was no correlation 
between the overall epithelial cell count and electron 
spin resonance signal height (r = 0.0039, difference 
not significant), suggesting that the trapped radical 
might be generated extracellularly (cervical mucus will 
be present in the incubations), by other cell types, or 
by a subpopulation of epithelial cells (Fig. 3). There 
was no correlation between the electron spin reso- 
nance signal height (or the electron spin resonance sig- 
nal height per 10° cells) and the concentration of 
phospholipid-esterified octadeca-9,11-dienoic acid per 
10° cells (or the octadeca-9, 1 1-dienoic acid/linoleic acid 
molar ratio) in cervical cells (electron spin resonance 
signal height vs. phospholipid-esterified 18:2(9,11), 
r= —0.19, difference not significant; electron spin res- 
onance signal height per-10* cells vs. phospholipid- 
esterified 18:2(9,11), r = 0.000, difference not sig- 
nificant; electron spin resonance signal height vs. 
phospholipid-esterified 18:2(9,11)/18:2(9,12) molar 
ratio, r= —0.04, difference not significant; elec- 
tron spin resonance signal height per 10° cells vs. 
phospholipid-esterified 18:2(9,11)/18:2(9,12) molar 
ratio, r = —0.05, difference not significant] (Fig. 4). 
In agreement with our recent findings” and the find- 
ings of others,'*" no difference in the phospholipid- 
esterified octadeca-9,11-dienoic acid/linoleic acid mo- 


lar ratio was observed between cervical cells obtained 
from normal women (3.11% + 1.85%) compared with 
cells obtained from women with cervical precancer 
(3.90% + 3.53%). 


Comment 


Incubation of both normal and abnormal human 
cervical cells with the spin-trap PBN gave detectable 
electron spin resonance signals in all cases. The hy- 
perfine coupling constants and stability of the major 
spin-trap adduct detected indicate that either a carbon- 
centered radical or an alkoxy] radical had been trapped. 
It is also possible that other species such as hydroxyl, 
superoxide, and peroxyl radicals are trapped by PBN, 
but because they form more labile adducts than do 
carbon-centered or alkoxyl radicals they may decay 
during the 30-minute incubation period and hence be 
unobesrvable. In their study of normal human cervixes, 
Benedetto et al.’° observed a strong electron spin res- 
onance signal (without the use of spin traps) that they 
attributed to an organic peroxy radical. In this study, 
with cervical scrapings rather than biopsy material, the 


` samples contained, in addition to cervical epithelial 


cells, inflammatory cells, bacteria, and cervical mucus. 
It may be from these cells and fluids that the trapped 
radicals are generated, a possibility afforded some sup- 
port by the lack of a correlation between the intensity 
of the electron spin resonance signals and epithelial cell 
counts. 
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trap, PBN was unable to distinguish by either the type 
of radical or the intensity of the electron spin resonance 
signals between cervical cells taken from normal women 
and those with cervical precancer. The reduction in 
electron spin resonance signals observed by Benedetto 
et al." in carcinoma in situ and invasive cancers of the 
cervix might therefore reflect a relatively late phenom- 
enon in the malignant process. The lack of a correlation 
between the electron spin resonance signal height and 
phospholipid-esterified octadeca-9, 1 1-dienoic acid pro- 
vides no support for the classification of this compound 
as a product arising from free radical reactions. 
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Increase in the plasma levels of the N-terminal and C-terminal 
portions of the prohormone of atrial natriuretic factor during 


normal pregnancy 


Rhene W. Merkouris, MD, Frank C. Miller, MD, Val Catanzarite, MD, PhD, 
Lee A. Rigg, MD, PhD, J. Gerald Quirk, Jr., MD, PhD, and David L. Vesely, MD, PhD 


Litile Rock, Arkansas 


The influence of pregnancy on the circulating concentrations of atrial natriuretic factor, the 28 amino acid 
. carboxy (C)-terminal end of the 126 amino acid atrial natriuretic factor prohormone, and the amino 
(N)-terminus of the prohormone was studied with three specific radioimmunoassays recognizing: (1) atrial 
natriuretic factor {i.e., amino acids 99 through 126), (2) the 98 amino acid N-terminus, and (3) amino acids 
31 through 67 from the midportion of the N-terminus of the prohormone. Plasma atrial natriuretic factor in 
normal pregnant women gradually increased as pregnancy progressed, with the mean + SEM being 

58 + 4 pg/ml in the first trimester, 74 + 5 pg/ml in the second trimester, and 89 + 7 pg/ml in the third 
trimester. Likewise, proatrial natriuretic factor 31 through 67 increased from 1421 + 76 pg/ml (first 
trimester) to 1509 + 84 pg/ml (second trimester) to 1758 + 83 pg/ml in the third trimester, whereas the 
whole N-terminus of the prohormone increased from 1804 + 98 pg/ml (first trimester) to 1909 + 111 
pg/ml (second trimester) to 2160 + 79 pg/ml in the third trimester. These results suggest that release of 
the N-terminus of the prohormone, as well as atrial natriuretic factor, increases with the rise in blood 
volume associated with a normal pregnancy. The circulating concentrations of both the C-terminus and 
N-terminus of the atrial natriuretic factor prohormone increased further in the 48 hours after delivery. 
Because both the C-terminus and N-terminus of the atrial natriuretic factor prohormone contain 
diuresis-producing peptides, these results suggest that postpartum diuresis may be mediated by these 


peptides. (Am J Osstet GynecoL 1990;162:859-64.) 


Key words: Atrial natriuretic factor, pregnancy, atrial natriuretic factor prohormone 


Atrial natriuretic factor (ANF), the 28 amino acid 
carboxy-(C)-terminal end of the 126 amino acid ANF 
prohormone synthesized in cardiac myocytes, has na- 
triuretic, diuretic, and potent vasodilator properties.'* 
Recently it has been found that peptides from the 
amino (N)-terminal end of this prohormone (i.e., amino 
acids 1 through 30 [pro-ANF 1 through 30] and amino 
acids 31 through 67 [pro-ANF 31 through 67]) also 
have vasodilatory properties’ and pro-ANF 31 through 
67 has potent natriuretic and diuretic properties similar 
to those of ANF.’ The vasodilatory effects of pro-ANFs 
1 through 30 and 31 through 67, as well as those of 
ANF (i.e., amino acids 99 through 126 of the prohor- 
mone), are associated with a fourfold to fivefold in- 
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crease in cyclic guanosine monophosphate, which was 
found to be caused by activation of particulate gua- 
nylate cyclase (EC4.6.1.2).4 The whole N-terminus of 
the ANF prohormone and a 3900 to 4000 molecular 
weight peptide from the midportion of the N-terminus 
consistent with pro-ANF 31 through 67 have recently 
been demonstrated by specific and sensitive radioim- 
munoassays to circulate normally in humans.°"° 

The whole N-terminus of the ANF prohormone, as 
well as ANF, is released in response to central hyper- 
volemia as induced by head-out-of-water immersion." 
One might suspect that these atrial natriuretic peptides 
might increase in a normal pregnancy because blood 
volume is increased 40% to 50% during a normal preg- 
nancy.’ * Atrial natriuretic factor has been reported 
to both increase’*'* and not change during a normal 
pregnancy." The peptides in the N-terminus of the 
ANF prohormone circulate with half-lives 10 to 20 
times as long as those of ANF.*° Their longer circu- 
lating half-lives and the fact that pro-ANF 31 through 
67 is nearly as potent a diuretic and natriuretic- 
producing hormone as ANF* suggest that the peptides 
from the N-terminus may be more important in the 
daily maintenance of salt and water metabolism. On the 
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Table I. Clinical data on 24 women with normal pregnancies 















Blood pressure 
(mm Hg) 






Patient No. Age (yr) 


First trimester 


l 16 ; 120/60 l 
2 28 100/60 0 
3 17 100/60 0 
4 20 100/60 1 
5 24 114/80 0 
6 29 114/70 0 
Second trimester ' 
7 29. 114/70 0 
8 19 100/58 0 
9 28 100/60 0 
10 16 100/60 0 
ll 40 120/70 4 
12 2h 100/60 0 
Third trimester 
13 23 126/70 0 
14 19 120/72 0 
15 15 120/70 0 
16 16 110/70 0 
17 20 120/60 1 
18 25 110/70 2 
19 24 110/60 2 
20 16 124/80 0 
21 19 110/70 0 
22 21 110/60 3 
23 16 102/70 1 
24 16 114/70 0 


other hand, with a half-life of only 3 minutes, the role 
of ANF may be to respond to acute volume changes. 
This study was designed to compare the circulating 
concentrations of the N-terminus of the prohor- 
mone by radioimmunoassays recognizing amino acids 
1 through 98 and 31 through 67 of the prohormone 
to that of ANF in the first, second, and third trimesters 
of pregnancy and in the immediate postpartum period. 


Subjects and methods 


Subjects. Twenty-four pregnant women beiween the 
ages of 16 and 40 years (mean + SD, 21.7 + 5.7 years) 
and 19 nonpregnant healthy women aged 22 to 40 years 
(mean + SD, 25.9 + 1.7 years) were investigated.° The 
24 pregnant women had blood pressure readings below 
126/80 mm Hg (average, 112/66 + 8/5 mm Hg), 
whereas mean blood pressure of the 19 nonpregnant 
healthy volunteers was 116/66 + 9/7 mm Hg. The 
heart rates of 24 pregnant women ranged from 60 to 
90 beats/min (mean, 77 + 5 beats/min), whereas the 
heart rates of the healthy nonpregnant women ranged 
from 64 to 88 beats/min (mean, 76 + 1.1 beats/min). 
There was no evidence of cardiovascular or renal dis- 
ease, with the serum creatinine level being below 1.5 
mg/dl in each of the subjects in both groups. None of 
the subjects was taking any medication except iron or 
vitamin supplements. All subjects were allowed to eat 


< anormal diet with no sodium or water restriction. The 
ye 


~ dlinical characteristics including individual blood pres- 








Weight gain 
during pregnancy 
(pounds to date) 











Heart rate 
(beats! min) 


Gestational age 


(wk) 





84 4 11 
60 15 10 
68 0 10 
80 7 1] 
80 . 15 ll 
60 10 10 
60 15 15 
80 11 23 
62 19 17 
88 8 23 
84 18 20 
88 18 24 
80 22 38 
68 36 37 
84 60 41 
76 25 41 
72 27 41 
88 22 36 
90 28 37 
80 38 41 
82 20 40 
76 36 39 
84 10 28 
80 32 36 


sures of the 24 women in the various stages of a normal 
pregnancy are shown in Table I. Gestation was esti- 
mated by obstetric history and confirmed by fetal ul- 
trasonography. 

The 24 pregnant women were subdivided into three 
groups consisting of those in the first, second, and third 
trimesters. Six of the third-trimester volunteers also 
underwent determination of the plasma concentration 
of the C- and N-terminals of the ANF prohormone 48 
hours after delivery. All plasma samples were drawn 
from the antecubital vein while the subject was in a 
sitting position. Informed consent was obtained from 
each of these 43 volunteers after the nature and pos- 
sible consequences of the study were fully explained. 
This investigation was approved by the Human Use 
Committee of the University of Arkansas for Medical 
Sciences. 

Methods. Radioimmunoassays to measure the N- 
terminus of the prohormone were devised for amino 
acids | through 30 and 31 through 67 of the 126 amino 
acid prohormone, whereas the C-terminus assay rec- 
ognizes amino acids 99 through 126 of the prohor- 
mone (i.e., ANF), as previously described by our 
laboratory.*'° G-50 Sephadex gel permeation chro- 
matography revealed that the pro-ANF 1 through 30 
radioimmunoassay recognized a peptide of 10,000 mo- 
lecular weight, consistent with the whole N-terminus 
(.e., amino acids 1 through 98 of the prohormone) but 
lacking the C-terminus (i.e., ANF). Thus although the 
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pro-ANF 1 through 30 radioimmunoassay was devised 
for synthetic amino acids 1 through 30 of the 126 amino 
acid prohormone, it immunologically recognizes the 
whole 1 through 98 amino acid segment that makes up 
the N-terminus of the prohormone. On the other hand, 
the pro-ANF 31 through 67 radioimmunoassay rec- 
ognized a peptide of 3900 to 4000 molecular weight 
from the midportion of the N-terminus of the pro- 
hormone (actual pro-ANF 31 through 67 molecular 
weight = 3878).!° Similarly G-50 Sephadex gel per- 
meation chromatography revealed that the ANF ra- 
dioimmunoassay recognized a peptide of approxi- 
mately 3000 molecular weight, with the actual molec- 
ular weight of ANF being 3081. 

Blood samples were obtained from women through- 
out pregnancy and up to 48 hours post partum. The 
samples were placed in 5 ml ethylenediamine tetraace- 
tic acid tubes and immediately centrifuged at 3000 g 


for 15 minutes. After centrifugation the plasma was . 


extracted with 100% ethanol (1:1 dilution), mixed in 
a vortex, and allowed to stand at 4° C for 30 minutes. 
After 30 minutes at 4° C the samples were centrifuged 
at 3000 g for 15 minutes and the supernatants were 
taken to dryness through controlled nitrogen flow. The 
samples were then ready for radioimmunoassay. All 
determinations were performed in triplicate. The 
intraassay coefficients of variation for pro-ANFs 1 
through 30 and 31 through 67 and ANF radioimmu- 
noassays were 4.8%, 5.3%, and 5.7%, respectively. The 
interassay coefficient of variation was 8% for both pro- 
ANFs 1 through 30 and 31 through 67 radioimmu- 
noassays, whereas the interassay variation for ANF was 
6.9%. Recovery was examined by adding synthetic un- 
labeled pro-ANF 1 through 30, pro-ANF 31 through 
67, and ANF at 100, 200, and 400 pg/ml to pooled 
plasma. Recovery for pro-ANF 1 through 30 was 
83.5% + 13.2% (SD), whereas recovery for pro-ANF 
31 through 67 was 100.9% + 8.9% (SD). Recovery 
of ANF was 92% + 11% (SD). The respective inhibi- 
tory concentrations of 50% were 180, 120, and 11 
fmol/tube, whereas the lowest detectable concentra- 
tions were 40, 35, and 1.4 fmol for pro-ANFs 1 through 
30 and 31 through 67 and ANF radioimmunoassays, 
respectively. Serial dilution of pooled plasma has re- 
vealed excellent parallelism of standard and unknown 
in these assays.” '° 

Statistical analysis. All values are reported as 
mean + SEM. Differences between groups were ana- 
lyzed by one-way analysis of variance. The differences 
between samples in the same individual were evaluated 
by the Student £ test for paired data. 


Results 


The plasma concentrations of atrial natriuretic fac- 
tor, pro-ANF | through 98, and pro-ANF 31 through 
67 in normal pregnant women during different trimes- 
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Fig. 1. Plasma immunoreactive ANF, pro-ANF 1 through 30, 
which recognizes the whole N-terminus, and pro-ANF 31 
through 67 in the first, second, and third trimesters of normal 
pregnancies. The increases in ANF and pro-ANF 1 through 
98 and 31 through 67 were not significant in the second trimes- 
ter but were significant in the third (p < 0.01) trimester com- 
pared with the first trimester when evaluated by the one-way 
analysis of variance. 


ters are illustrated in Fig. 1. In the first trimester the 
mean circulating concentrations of ANF, pro-ANF 31 
through 67, and pro-ANF 1 through 98 of 58 = 4, 
1421 + 76, and 1804 + 98 pg/ml (SEM), respectively, 
were not significantly different from those of 19 healthy 
nonpregnant women whose circulating concentrations 
of ANF and pro-ANFs 31 through 67 and 1 through 
98 were 62 + 5, 1400 + 105, and 1847 + 127 pg/ml 
(SEM). However, there was a gradual increase in the 
N-terminal and C-terminal peptides of the prohor- 
mone in the second and third trimesters, with the mean 
circulating concentration of ANF, pro-ANF 3] through 
67, and pro-ANF 1 through 98 in the second trimester 
being 75 + 5, 1509 + 84, and 1909 + 111 pg/ml 
(SEM), respectively. The circulating concentrations of 
these peptides were not significantly different between 
the first and second trimesters when statistically eval- 
uated by one-way analysis of variance. The mean cir- 
culating concentrations of ANF, pro-ANF 1 through— 
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3rd. Trimester 48hours post partum 


Fig. 2. Postpartum increase in the circulating plasma concen- 
tration of ANF, pro-ANF | through 30 (recognizing the whole 
98 amino acid N-terminus) and pro-ANF 31 through 67. The 
solid lines connect individual patients sampled immediately be- 
fore delivery and 48 hours after delivery. The increase in ANF, 
pro-ANF | through 30, and pro-ANF 31 through 67 for each 
individual was significant at p < 0.05 when evaluated by the 
Student ¢ test for paired values. 





higher (p < 0.01) when evaluated by analysis of vari- 
ance than were those of either the volunteers in the 
first trimester of their normal pregnancies or the 19 
healthy nonpregnant women (Fig. 1). Thus in the third 
trimester the mean circulating concentration of ANF 
had increased to 89 + 7 pg/ml (SEM), whereas pro- 
ANFs 31 through 67 and 1 through 98 increased to 
1758 + 83 and 2160 + 79 pg/ml (SEM), respectively. 
As illustrated in Fig. 1, there was a greater increase in 
the mean concentration of pro ANFs | through 98 and 
31 through 67 in the third trimester compared with 
the second trimester than there was for ANF (p < 0.05; 
analysis of variance). 

The possible correlation of an increase in weight, 
blood pressure, or heart rate with the third trimester 
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increase in the N-terminus and C-terminus of the ANF 
prohormone was evaluated by analysis of variance. In 
general there was a significant increase in weight in the 
third trimester group versus the first and second 
trimester groups (p < 0.05; analysis of variance). How- 
ever, certain individuals in the third trimester (Nos. 13, 
18, 21, and 23) did not have a significant increase in 
weight in the third trimester versus the weight gain of 
individuals in the first and second trimesters (Table I), 
but the same individuals did have a significantly greater 
(p > 0.01 and >0.05 vs the first and second trimesters, 
respectively) increase in the circulating concentrations 
of the N-terminus and C-terminus of the ANF pro- 
hormone (Fig. 1). Likewise, mean systolic blood pres- 
sure increased slightly (115 + 6 vs. 108 + 7and 106 + 
8mm Hg; p < 0.02) in the third trimester group versus 
the first- and second-trimester groups, but individual 
systolic blood pressures did not correlate with the cir- 
culating concentration of either the N- or C-terminus 
of the ANF prohormone. The mean diastolic blood 
pressure in the third trimester (68 +5 mm Hg) 
and in the first (65 + 5 mm Hg) and second (63 + 
6 mm Hg) trimesters was not significantly differ- 
ent. Mean heart rate in the third trimester (80 + 5 
beats/min) was not significantly different from that of 
either the first trimester (74 + 7 beats/min) or the sec- 
ond trimester (77 + ]1 beats/min). Thus diastolic 
blood pressure and heart rate did not correlate with 
the significant increase in the third trimester of the N- 
or C-terminus of the ANF prohormone. 

Forty-eight hours after delivery the circulating con- 
centrations of ANF, pro-ANF 1 through 98, and pro- 
ANF 31 through 67 increased further compared with 
their plasma levels in’ normal late pregnancy, as de- 
picted in Fig. 2. In Fig. 2 the values for pro-ANFS 1 
through 98 and 31 through 67 and.ANF in individual 
women in late pregnancy are paired with their individ- 
ual values 48 hours after delivery. It is apparent that, 
although there was individual variation in the amount 
of increase in the circulating concentration of both the 
N-terminal and C-terminal portions of ANF prohor- 
mone post partum, in all six women there was an in- 
crease 2 days post partum (p< 0.05; analysis of 
variance). 


Comment 


In the present investigation, as in previous stud- 
ies,'""® ANF was found to increase significantly during 
pregnancy. In addition to ANF (i.e., the 28 amino acid 
C-terminus of the 126 amino acid ANF prohormone), 
we found that the N-terminus of this prohormone in- 
creased in the plasma during normal pregnancies as 
determined by two sensitive and specific radioimmu- 
noassays. One of these radioimmunoassays (i.e., pro- 
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ANF 1 through 30) immunologically recognizes the 
whole N-terminus of the ANF prohormone (i.e., amino 
acids 1 through 98 of the prohormone), whereas the 
second N-terminal assay (pro-ANF 31 through 67) rec- 
ognizes a midportion of the N-terminus (amino acids 
31 through 67).'° Pro-ANF 31 through 67 circulates 
as a distinct peptide in blood after having been cleaved 
from the rest of the prohormone by proteases.” With 
two separate assays confirming a significant increase of 
the N-terminus in the circulation with increasing length 
of pregnancy, it appears that both the N-terminus and 
C-terminus of the prohormone increase during preg- 
nancy. Previous studies from our laboratory have re- 
vealed that with central hypervolemia in nonpregnant 
humans caused by head-out-of-the-water immersion, 
both the N-terminus and C-terminus of the prohor- 
mone are released"! to an extent similar to that found 
in the third trimester of pregnancy in this investigation. 
In light of the previous study of hypervolemia,"’ we 
speculate that the increase in blood volume was the 
main cause of the increased release of the N- and C- 
terminus of the ANF prohormone during pregnancy. 
Plasma blood volume increases gradually but markedly 
during a normal pregnancy to become 40% to 50% 
greater at the end of the third trimester compared with 
that of nonpregnant women.’ '* Rapid heart rates, 
however, also release both the N-terminus and C- 
terminus of the ANF prohormone.® With cardiac pac- 
ing, however, the increased release of the N-terminus 
and C-terminus of the ANF prohormone is not ob- 
served until the rate is increased to 125 beats/min.° 
Heart rate did not appear to contribute significantly to 
the increased concentrations of the N-terminus and C- 
terminus of the ANF prohormone with increasing 
length of pregnancy because none of the normal preg- 
nant volunteers had a heart rate above 90 beats/min. 
Heart rate did not vary significantly between the first, 
second, and third trimesters of pregnancy. Thus nei- 
ther heart rate, weight gain, nor blood pressure 
correlated with the circulating concentration of the 
N- or C-terminus of the ANF prohormone during 
pregnancy. 

It is of interest that the circulating concentrations of 
N-terminus as evidenced by both the pro-ANF 1 
through 30 and pro-ANF 31 through 67 radioimmu- 
noassays increased more between the second and third 
trimesters than did the C-terminus, as depicted in Fig. 
1. The reason for this is unknown, but because the N- 
and C-terminus are released simultaneously to various 
stimuli,*"’ one would suspect that this is caused by vari- 
ant clearance of these peptides rather than a difference 
in release. Because the N-terminus circulates 20 times 
longer than the C-terminus of the ANF prohormone, 
any decrease in clearance of both the C- and N- 
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terminus of the prohormone would cause the N- 
terminus to accumulate to a proportionately greater 
extent, as has been demonstrated in persons with renal 
failure.’ 

There was an increase in both the N-terminus and 
C-terminus of the prohormone 2 days after delivery. 
One possible explanation for the postpartum rise is that 
it is the result of increased atrial wall stretch caused by 
the shift in body fluids from the extravascular space to 
the circulation that is known to occur early in the puer- 
perium. This increase of the N- and C-terminus of the 
ANF prohormone coincides with the diuresis observed 
after delivery in normal pregnancies.?”! Both ANF (i.e., 
C-terminus)" and pro-ANF 31 through 67 of the N- 
terminus? are potent diuretic and natriuretic peptides. 
Changes of a similar magnitude in the circulating con- 
centration of ANF and pro-ANF 31 through 67 by 
infusion of their respective synthetic peptides causes a 
diuresis similar to that found after delivery in a normal 
pregnancy.’ Two other investigations'* * have also 
found that ANF increases after delivery. In one of 
these investigations that looked at an extended period 
through the puerperium, it was found that increases 
in ANF were maximal 48 hours after delivery.” Because 
both the N-terminus and C-terminus increase after de- 
livery, it appears that peptides from both the N- 
terminus and C-terminus of the prohormone contrib- 
ute to postpartum diuresis. The relative contribution 
of each of these peptides to the diuresis could not be 
determined from this investigation. Further investi- 
gation will be necessary to determine the relative con- 
tribution of each of these atrial peptides to the post- 
partum diuresis. 

In conclusion, this study demonstrates that the cir- 
culating concentration of both the N-terminus and C- 
terminus of the prohormone of atrial natriuretic factor 
increases during normal pregnancy. This increased re- 
lease may reflect the physiologic increase in blood vol- 
ume during a normal pregnancy. This study also dem- 
onstrates that the circulating concentration of both 
the C-terminal and N-terminal portions of the pro- 
hormone increases further after delivery. Because 
both the C-terminus and N-terminus contain diuresis- 
producing peptides, this may help explain the post- 
partum diuresis associated with normal pregnancy. 
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Value of hamster egg penetration assay 
To the Editors: 

The recent article by Mao and Grimes (Mao C, 
Grimes DA. The sperm penetration assay: Can it dis- 


criminate between fertile and infertile men? AM J Os-. 


STET GYNECOL 1988;159:279-86) examined the ham- 
ster egg penetration assay primarily from the point of 
view of an epidemiologist. As such, it is not difficult to 
understand the general indictment of the test as one 
having little clinical value. The authors review the 
world’s literature and give ranges for sensitivity and 
specificity. Moreover, it is acknowledged that the test is 
not standardized either for interpretation or for meth- 
odology. 

Nevertheless we believe that there is great clinical 
value in this procedure. Although the authors did not 
reference our work,' perhaps because their manuscript 
was in press when our study was published, we would 
like to mention that men in 227 infertile couples were 
evaluated with the sperm—hamster egg penetration as- 
say. Normal results (defined as =11% penetration) were 
seen in 58.6%, penetration rates of 1% through 10% 
in 25.6%, and failure of oocyte penetration in 15.9%. 

` A follow-up period of up to 30 months was examined, 
with a mean of 17.9 months. During this interval 26.9% 
of the couples conceived at least once with or without 
any treatment. The monthly fecundity was 0.014 for 
the patients in the normal range and 0.007 for the 
abnormal group when calculated by the Kaplan-Meier 
survival curve with a Cox correction for dissimilar 
follow-up. The monthly fecundity rates at any time 
during the 30-month interval of follow-up were twice 
as great for men with normal values as for those with 
abnormal values irrespective of the male or female di- 
agnosis and independent of various therapies. There- 
fore we concluded that the sperm—hamster egg pen- 
etration assay indeed had prognostic value in an infer- 
tile population. 

Most important is the fact that the test was done by 
the same technician in a standardized fashion with strict 
quality control. Variation in the test when performed 
on different occasions probably reflects a variation in 
sperm function, which in our experience is more 
marked for the subfertile man than for normal donor 
controls whose penetration rates are quite constant. 
The sperm—hamster egg penetration assay is a more 
sensitive indicator of fertility than any other seminal 
parameter. The presence of sperm antibodies either in 
the seminal plasma or in serum could not be accurately 
predicted by the sperm—hamster egg penetration assay, 
perhaps because this is a zona-free study. We believe 
that the sperm—hamster egg penetration assay has a 
significant role in the evaluation of infertility, although 
the results should not be overinterpreted. Specifically 


men with persistent zero scores are not necessarily ster- 
ile but are in fact highly subfertile. 

Stephen L. Corson, MD 
Philadelphia Fertility Institute 
815 Locust St. 
Philadelphia, PA 19107-6096 
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Reply 
To the Editors: 

As Dr. Corson noted, we used appropriate scientific 
techniques to evaluate the validity of the sperm pene- 
tration assay. However, we calculated not only the sen- 
sitivity and specificity but also the predictive value of 
abnormal and normal tests. The predictive values are 
especially important for clinicians who must interpret 
these tests and explain their results to couples. Statis- 
tically significant differences in test results between 
groups do not necessarily imply that a test has diag- 


. nostic validity. 


Dr. Corson correctly surmised that our manuscript 
was submitted for publication before the article by his 
group appeared. We are puzzled, however, by his dis- 
agreement with our assessment of the sperm penetra- 
tion assay, since his data support our conclusion. We 
have calculated the validity of the sperm penetration 
assay in his article, in which he reports that “the test 
was done by the same technician in a standardized fash- 


. ion with strict quality control.” For the 20 couples not 


treated, the sensitivity of the assay was 0.54, specificity 
0.86, predictive value of abnormal result 0.88, and pre- 
dictive value of normal result 0.50. For the 207 couples 
receiving some treatment, the corresponding figures 
were 0.48, 0.69, 0.81, and 0.32. These values are con- 
sistent with those portrayed in our article. Thus the ` 
data of Corson et al. demonstrate that, despite the ac- 
knowledged expertise of the investigators, uniform lab- 
oratory technique, and strict quality control, the sperm 
penetration assay still has poor validity as a diagnostic 
test. 
Constance Mao, MD 

Department of Obstetrics and Gynecology 
University of Washington School of Medicine 
Seattle, WA 98195 

David A. Grimes, MD 
Department of Obstetrics and Gynecology 
Women’s Hospital 
1240 N. Mission Road 
Los Angeles, CA 90033 
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Low segment cesarean section: A supracervical 
hysterotomy 


To the Editors: 

I thought the article (Pruett KM, Kirshon B, Cotton 
DB. Unknown uterine scar and trial of labor. Am J 
OBSTET GYNECOL 1988;159:807-10) to be a useful ad- 
dition to the literature’in support of vaginal birth after 
cesarean section. However, despite alluding to routinely 
palpating the lower uterine segment “transvaginally” 
after successful vaginal delivery to evaluate the prior 
uterine scar, the authors describe “documented” inci- 
sions not as low segment but rather as “low cervical.” 
The lower uterine segment is described in Williams Ob- 
stetrics as “analagous to a greatly expanded and thinned- 
out isthmus of the uterus of non-pregnant women.”! 
Danforth and Chapman,’ in discussing Aschoff’s con- 
cept of the isthmus as being a unique structure inter- 
posed between the corpus and cervix, have established 
that the isthmus is distinct from the cervix but is an 
integral part of the uterine corpus. 

Munro Kerr C. McIntosh Marshall, and more 
recently Jovanovic’ have emphasized the transverse 
“lower uterine segment incision,” and the latter de- 
scribed the incision as being specifically “above the cer- 

ix.” Hence, despite the use of the common misnomer 
low cervical cesarean section or the more elegant mis- 
nomer laparotrachelotomy, even a high cervical incision is 
too low. [Interestingly enough, DeLee® apparently used 
(misused) the term low or cervical cesarean section, not 
low cervical (versus high cervical).] 

Kenneth J. Reamy, MD, MPH 
Department of Obstetrics and Gynecology 
West Virginia University School of Medicine 
Health Sciences Center 
Morgantown, WV 26506 
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Sex bias inappropriate 


To the Editors: 

I read with interest the article in the JOURNAL 
(Petrikovsky B, Cohen M, Andreoli JW. Gyneco- 
logic screening examinations: does the obstetrician- 
gynecologist’s spouse comply? AM J OBSTET GYNECOL 
1989; 160:82-5). My spouse would be considered very 


March 1990 
Am J Obstet Gynecol 


noncompliant by the authors’ criteria. Their biased as- 
sumption with regard to the spouse’s sex is inappro- 
priate. 

Helen H. Kay, MD 
Department of Obstetrics and Gynecology 
Duke University Medical Center 
Durham, NC 27710 


Reply 
To the Editors: 

We thank Dr. Kay very much for her interest in our 
work. 

Questionnaires for our study protocol were sent to 
both male and female obstetrician-gynecologists as we 
made clear in our material and methods section. We 
truly regret any misunderstanding because we inten- 
tionally chose the word “spouse” because of its non- 
sexist use. 

In our article we indicated that “Answers of women 
obstetrician-gynecologists were analyzed separately and 
were not included in this report.” 

B. M. Petrikousky, MD, PhD 
M. Cohen, MD 
J. W. Andreoli, Jr., MD, PhD 
Department of Obstetrics and Gynecology 
HSC T-9 080 
State University of New York at Stony Brook 
Stony Brook, NY 11794-8091 


Hormone activity and autoimmune function 
To the Editors: 

We read with interest the article written by Drs. 
Gleicher and El-Roeiy (Gleicher N, El-Roeiy A. The 
reproductive autoimmune failure syndrome. AM J Os- 
STET GYNECOL 1988;159:223-7). Although we agree 
that the concept of the syndrome may be valid, an al- 
ternative explanation may account for the preponder- 
ance of autoimmune disease in women. 

Estrogen is a well-known immunomodulator. It en- 
hances the antibody response in mice.' Estradiol en- 
hanced human B cell maturation by inhibition of sup- 
pressor T cells.? Estradiol therapy in mice also resulted 
in an increase in mature helper thymocytes and a de- 
pletion of suppressor-cytotoxic thymocytes.*4 

A recent study’ from our department showed that 


` in patients with premature ovarian failure the lympho- 


cyte, T cell, CD4*, and CD8* counts were significantly 
higher than those in the control group, but the 
CD4:CD8 ratio was significantly lower. There was also 
a significant negative correlation between plasma es- 
tradiol levels and CD8* counts and a significant posi- 
tive correlation between plasma estradiol levels and 
CD4:CD8 ratios. It was postulated that the changes in 
lymphocytes and lymphocyte subpopulations in these 
patients were a result of estrogen deficiency. 

It is possible that cyclical production of estrogens by 
the ovaries in the female may stimulate the immune 
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system through changes in the CD4:CD8 ratio and 

contribute to the.higher incidence of autoimmune dis- 

ease in the female. 

; Ting-Chüng Pun, MB 

Pak-Chung Ho, MB 

Department of Obstetrics and Gynaecology 

University of Hong Kong 

6/F Professorial Block 

Queen Mary Hospital 

Pokfulam Road 

Hong Kong 
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Reply 
To the Editors: 


We thank Drs. Pun and, Ho for their interest in our | 


study and kind comments. 
They make. an interesting theoretical point about the 


connection between hormone activity and autoimmune - 
function. However, we do not believe that their com- ' 


ment does, in fact, represent an “alternative explana- 
tion.” The endocrine and immune systems are increas- 
ingly seen as one, interacting at a variety of levels.' 
- Within such a context their and our explanations may 
be one and the same, only viewed from different di- 

rections. We sincerely appreciate their viewpoint.. 
Norbert Gleicher, MD 


Department of Obstetrics and Gynecology 
Mount Sinai Hospital Medical Center 
California Avenue at 15th Street 
Chicago, Illinois 60608 
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Theoretical and technical questions involved 
with hemodynamic responses 
To the Editors: 
The article by Morrow et al. (Morrow RJ, Ritchie JW, 
Bull SB. Fetal and maternal hemodynamic responses 


Albert El-Roety, MD 
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` to exercise in pregnancy assessed by Doppler ultraso- 


nography..AM J OBSTET GYNECOL 1989;160:138-40) 


_ addresses an interesting and timely topic. However, the 
` brevity of the article coupled with the potential impli- 
‘cations of the stated conclusion left me with several 


basic questions that bear on the validity of the con- 


„clusion. 


I believe that the resistance of a vascular bed is a 
parameter that is calculated from the direct measure- 
ment of the rate of blood flow through the bed and the 
pressure gradient across it. As neither parameter was 
measured in the umbilical circulation of the fetuses 
studied, how can the authors conclude that resistance 
of the bed was unchanged? It seems that this inference - 
from the systolic/diastolic (S/D) ratio is unwarranted, 


-especially given the evidence provided by the change 


in the fetal heart rate, which suggests that the fetus is 
undergoing central hemodynamic change. 

I have similar questions concerning the conclusion 
that uterine vascular resistance was increased. Perhaps 
the authors could clarify what effect a concomitant in- 
crease in maternal heart rate and systolic blood pres- 
sure should have on the uterine S/D ratio in the absence 


- of the stimulus of exercise. Theoretically, I would think 


that an increase in systolic blood pressure coupled with 
an increase in cardiac output and an unchanged dia- 
stolic blood pressure would result in an increased blood 
flow through the uterine circulation in conjunction with 
the increase in the S/D ratio, suggesting that uterine 
vascular resistance would be unchanged or decreased. 
Is this reasoning incorrect? Again, given the changing 
systemic hemodynamics in the maternal organism, is 
there justification for the inference from the change in 


-the S/D ratio that resistance is increased? 


I was also unclear about several important technical 
aspects of the measurement in the uterine circulation. 
Where exactly. anatomically did the authors make the 
measurement of the S/D ratio? Were several vessels 
sampled and averaged or was the same vessel measured 
each time? Was uterine tone, a determinant of inter- 
villous space perfusion, assessed in any way? Does the 


‘measurement apply to intervillous space blood flow, 


myoendometrial blood flow, or both? 
James F. Clapp IH, MD 
Department of Obstetrics and Gynecology. 
The University of Vermont College of Medicine 
Given Building 
Burlington, VT 05405 


Reply 
To the Editors: 

We thank Dr. Clapp for his comments on our article. 

We agree that umbilical placental vascular resistance 
cannot be directly measured in the human circulation. 
There is, however, substantial evidence that the sys- 
tolic/diastolic (S/D) ratio in the human is quantitatively 
related to placental vascular resistance.” We, and 
others,** have also measured placental resistance di- 
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rectly in an animal model and found that changes in 
placental cotyledon resistance are reflected in changes 
in the S/D ratio. We accept that the change in fetal 
heart rate is evidence of central hemodynamic change. 
However, small changes in heart rate per se have little 
` influence on the umbilical S/D ratio.’ 

There is also evidence that the uterine artery velocity 
waveform reflects changes in the resistance of the 
uteroplacental vascular bed.*’ Theoretically, we would 
not expect the heart rate, mean arterial pressure, or 
cardiac output to affect the uterine S/D ratio.” The 
change in the maternal S/D ratio in our study is much 
smaller than the change in uterine velocity S/D ratio 
with exercise; therefore, it is unlikely to cause the ob- 
served velocity changes. 

The uterine measurements were made by positioning 
the probe in the iliac fossa over the outer margin of 
the uterus and pointed inward to detect the signal of 
the uterine artery or its major branches. The signal was 
obtained from the same position on each occasion in 
each patient. The uterine tone was not directly mea- 
sured; however, no patient had uterine contractions as 
a result of the exercise. The uterine velocity measure- 
ment probably applies to both intervillous and myoen- 
dometrial blood flow. 

There is widespread agreement in the published lit- 
erature that velocity waveforms in the uterine and um- 
bilical circulations primarily reflect downstream vas- 
cular resistance. However, we share Dr. Clapp’s concern 
that this may not be so in all circumstances. We hope 
that the use of animal models will allow a more detailed 
understanding of the underlying physiologic changes 
that occur in human pregnancy and thus establish a 
more sound basis for the interpretation of Doppler 
velocimetry in these circulations. 

Robert J. Morrow, MD 
University of Glasgow 
Department of Midwifery 
The Queen Mother’s Hospital 
Glasgow G3 8SH, Scotland 
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Causal effect questioned 


To the Editors: 

The abstract of the article by Henry et al. (Henry 
MJ, Stanley MW, Cruikshank S, Carson L. Association 
of human immunodeficiency virus—induced immuno- 
suppression with human papillomavirus infection and 
cervical intraepithelial neoplasia. AM J OBSTET GYNE- 
coL 1989;160:352-3) overstates the history and their 


- own study. It is not possible to state with any degree of 


certainty (only statistical inference) that human papil- 
lomavirus causes cervical intraepithelial neoplasia. One 
can find studies and statistics that exclude a causal effect 
and implicate other organisms. It is unfair to jump to 
such conclusions. 

Marvin S. Amstey, MD 
Department of Obstetrics and Gynecology 
Highland Hospital of Rochester 
1000 South Ave. 
Rochester, NY 14620 


Reply 
To the Editors: 

Our report of four patients from Minnesota with 
human papillomavirus (HPV) infection and human im- 
munodeficiency virus infection stated that the prelim- 
inary suggestion in this group was that of increased risk 
of HPV infection and cervical intraepithelial neoplasia. 
Our study did not definitively state that HPV causes 
cervical intraepithelial neoplasia. 

Although Dr. Amstey fails to reference studies that 
exclude a causal effect between HPV infection and cer- 
vical intraepithelial neoplasia, there is now data to show 
that the E7 open reading frame area of HPV-18 im- 
mortalizes keratinocyte cell cultures. This microbiologic 
data is synonymous with carcinogenicity, and was pre- 
sented at the Eighth International Human Papilloma- 


.virus Workshop in March 1989 in Taos, New Mexico, 


Linda F. Carson, MD 
Department of Obstetrics and Gynecology 
Division of Gynecologic Oncology 
University of Minnesota Medical School 
Box 395 Mayo Memorial Building 
420 Delaware St. S.E. 
Minneapolis, MN 55455 


Ammonium chloride pretreatment of bloody 
amniotic fluids for cytogenetic analysis 
To the Editors: 
During the past two decades the demand for prenatal 
diagnosis through amniocentesis has increased. loga- 
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rithmically. The cells from amniotic fluids are routinely 
cultured, enabling one to detect inborn errors of me- 
tabolism. However, ruling out any chromosomal ab- 


normalities in the fetus remains the primary reason for. 


referral today. With increased fetal risk and decreased 
time period during which a retap is possible, minimiz- 
ing any culturing problems to provide a rapid diagnosis 
remains a major concern of cytogeneticists.':* 

At least 5% to 10% of amniotic fluids contain ma- 
ternal or fetal blood cells. Red blood cell contamination 
causes the culturing of such samples to be difficult and 
frequently results in unsuccessful growth. Further- 
more, the cultures initiated from bloody samples gen- 
erally require a longer time to produce results. 

An explanation for this interference causing delayed 
cell growth, presumably by red cells, remains unknown. 
A few modifications in culturing procedures, including 
higher concentrations of fetal calf serum and frequent 
changes of culture media have been suggested.’ Nev- 
ertheless, these approaches require additional steps, 
hindering laboratory productivity. The use of ammo- 
nium chloride (1.5 mmol/L) to lyse peripheral red 
blood cells has been a universal approach for deoxy- 
ribonucleic acid extraction. Consequently, we used a 
similar method to eliminate the red cells from bloody 
amniotic fluids before routine cell culture. 

The bloody samples are distributed evenly into 15 
ml tubes and centrifuged for 5 minutes (800 rpm). The 
supernatant is removed and 12 ml of sterilized am- 
monium chloride (1.5 mmol/L dissolved in distilled wa- 
ter) is added per tube. 

The pellets are mixed, left at room temperature for 
15 minutes to lyse red blood cells, recentrifuged (800 
rpm), and the supernatant is removed. If red blood 
cells are still visible in the pellets, an additional 12 ml 
of ammonium chloride is added per tube, the samples 
are mixed and left for 15 minutes at room temperature, 
recentrifuged (800 rpm), and the supernatant is re- 
moved. The pellets are resuspended in 10 ml of com- 
plete Chang culture media, centrifuged (800 rpm), and 
the supernatant is removed. The media wash is re- 
peated once more. 

Routine culturing methods are then followed. 
Briefly, the sample is distributed evenly into 15 ml cen- 
trifuge tubes and centrifuged for 5 minutes (800 rpm). 
The supernatant is removed and 4 ml of complete 
Chang medium, supplemented with 130 U/ml peni- 
cillin, 130 pg/ml streptomycin, and 0.37 pg/ml glu- 
tamine (GIBO Laboratories, Life Technologies Inc., 
New York) is added per tube. The pellet is dispersed 
and the entire solution is added to a T-25 culture flask, 
placed in a humidified carbon dioxide incubator and 
left undisturbed. Cell attachment is checked and the 
media is replenished. When cell growth is sufficient, 
the cultures are trypsinized, allowed to grow to 80% to 
90% confluency, and harvested. Cultures are usually 
harvested within 7 days by the in situ method, whereas 
results are obtained within 12 days with the use of stan- 
dard protol in the “flask method”.* 

A total of 15 bloody amniotic fluids and 15 clear fluids 


Correspondence 869 


2 r4 8 
PEERS yy 
be N 
nes Y» ® 
risat ¥ Da 
go” Ir eo 
r>» t eta 
% bet g ¢ 
Rr e Sy 
$ `+ WY : 


Fig. 1. A G-banded metaphase (46,XY) from bloody amniotic 
fluid pretreated with ammonium chloride and harvested after 
7 days. 


as a control were evenly divided into two groups of T- 
25 flasks. One group of flasks received the ammonium 
chloride pretreatment, whereas the other group was 
cultured according to routine procedure. Differences 
were not observed in cell attachment, growth, or cy- 
togenetic analysis between treated and untreated clear 
fluids. Better growth was seen in all of the pretreated 
bloody fluids. The improved growth ranged from 
slightly accelerated growth, to a 2- to 3-day reduction 
in cell harvest by the flask method. In all replica cul- 
tures, differences were not observed in the cytogenetic 
diagnosis, and the quality of metaphases was excellent 
(Fig. 1). l 
In addition to accelerated growth, the removal of red 
cells from the cultures makes visualization of initial cell 
attachment, media replenishment, and trypsinization 
much simpler. In a majority of cases, these decisions 
can be made earlier than those in a culture from an 
untreated bloody amniotic fluid. We wish to share our 
experience with those laboratories who offer prenatal 
diagnostics services. 
Michael J. Macera, MSc 
Jyoti Roy, MSc 
Ram S. Verma, PhD 
Division of Genetics 
Long Island College Hospital 
340 Henry St. 
Brooklyn, NY 11201 
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Heparin prophylaxis during pregnancy 
To the Editors: 

The conclusion by Tengborn et al. (Tengborn L, 
Bergqvist D, Matzsch T, Bergqvist A, Hedner U. Re- 
current thrombolism in pregnancy and puerperium. 
AM J OBSTET GYNECOL 1989;160:90-4) that heparin 
prophylaxis during pregnancy should be given only to 
patients with more risk factors than just a previous 
thromboembolic episode is not justified on the evidence 
presented. 

This retrospective cohort study has many method- 
ologic flaws that may invalidate the conclusions. It is 
not clear that the two groups had similar risks of re- 
current thromboembolism; patients with congenital 
prethrombotic states or patients with previous multiple 
episodes may be at increased risk of recurrence, and, 
if these occurred more frequently in the “treatment” 
arm, it may account for the higher recurrence rate. No 
uniform duration, dose, or drug was used as prophy- 
laxis either during pregnancy or in the postpartum 
period. 

Although the authors did not find a statistically sig- 
nificant difference of thromboembolic recurrence be- 
tween the treated and untreated groups, the study was 
not large enough to exclude a type II error (the pos- 
sibility that a true difference could have been missed). 
The outcome measure of importance should be deep 
venous thrombosis (DVT), not superficial phlebitis, be- 
cause superficial phlebitis is a local, self-limited disease 
without the risks of embolization and death associated 
with DVT. It is of interest that if the cases of superficial 
phlebitis are excluded from the results, the DVT rate 
in the heparin prophylaxis group during pregnancy 
remains 15%, but in the group that did not receive 
prophylaxis the DVT rate is 7%. This suggests that the 
heparin regimens used were ineffective in the preven- 
tion of recurrence—a finding that is inconsistent with 
most clinical trials. 

Last, the clinical diagnosis of DVT is unreliable, and 
without performing objective tests it is possible to un- 
derestimate the true rate of DVT. The methods of sur- 
veillance for DVT are not stated and we are left to 
assume that they were followed up clinically rather than 
with objective testing such as impedance plethysmog- 
raphy. This may lead to an underestimate of the re- 
currence rates because asymptomatic thromboembolic 
disease may occur.' 

We have shown the safety and efficacy of a heparin 
regimen for the prevention of thromboembolic disease 
in women with previous disease that consists of heparin 
5000 IU subcutaneously every 12 hours early in preg- 
nancy followed by an adjusted dose every 12 hours 
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subcutaneously (in doses sufficient to prolong the par- 
tial thromboplastin time to 1.5 to 2 times control) from 
the early third trimester until delivery.” 

Even though the heparin regimen that we described 
is effective in the prevention of recurrence, the risks 
of long-term heparin therapy, including bleeding and 
osteoporosis, must be taken into account when consid- 
ering treatrnent options for patients with previous 
DVT. An alternative to heparin, such as surveillance 
with serial impedance plethysmography or duplex 
Doppler scanning may be reasonable, but we agree with 
the authors that a large, randomized trial that compares 
heparin prophylaxis with a given surveillance plan is 
necessary to accurately quantitate the risk of throm- 
boembolic recurrence in women with previous DVT 
and to establish the efficacy of heparin in the preven- 
tion of recurrence. 

We certainly hope that the results of this study do 
not mislead clinicians into believing that prophylaxis or 
surveillance is unnecessary in pregnant women with 
previous venous thromboembolic disease. 

Patrick Brill-Edwards, MD 
Jeff Ginsberg, MD 
Robert Burrows, MD 
McMaster University Medical Center 
1200 Main St. W. 
Hamilton, Ontario, Canada, LEN 3Z5 
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Reply 
To the Editors: 

We are grateful to Dr. Brill-Edwards et al. for their 
comments on our article. The subject is a very contro- 
versial one and one of our aims was to point out and 
discuss some of the difficulties when dealing with this 
problem. 

As far as can be evaluated in a retrospective study 
there were no differences in risks of recurrent throm- 
boembolism between the group with and without pro- 
phylaxis. 

It is not correct that a uniform prophylactic drug was 
not used. All patients with prevention received heparin 
but duration and dose indeed varied. And there is def- 
initely no consensus in the current literature concern- 
ing these two questions. 

We found no difference between the groups in 
thromboembolic recurrence and this could be a result 
of statistical error because of small groups. That is ex- 
actly one of the main points in our article, and we 
believe that it is important to discuss this difficulty, 
which of course can be solved in a prospective random- 
ized study for which a very large number of patients 
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is necessary, as indicated in our calculations. Deep 
vein thrombosis (DVT) during pregnancy is rare 
and recurrent pregnancy in these women is even 
rarer. 

Heparin dose, at least in some of the patients, may 
have been suboptimal. Nonetheless the suggestion that 
the heparin dose was insufficient on the basis that ex- 
clusion of superficial thrombophlebitis lowers the fre- 
quency in the control groups seems illogical. We agree 
that the outcome of importance should be DVT and 
this is why we give the frequency of DVT first in our 
result section. 

Clinical diagnosis of DVT is indeed unreliable and 
that is an established fact. That is why we used only 
objectively verified DVT in our study. As already stated, 
the study was retrospective and in the prospective study 
discussed earlier objective methods for surveillance 
would be used. But as we wrote in the article, “How 
should screening take place and how often should it be 
done?” In approximately 400 pregnant women in a 
multicenter trial! 

The quoted abstract does not give any data on how 
effective heparin prophylaxis is and the safety study 
(on osteoporosis) is, as far as we can understand, ret- 
rospective. 

The letter seems to end in a contradiction. First, the 
authors agree with our view that a large randomized 
trial is necessary to quantitate the risk and evaluate the 
efficacy of heparin, and then they hope that clinicians 
still use prophylaxis. 

Having reread our data and the comments made by 
Dr. Brill-Edwards et al. we still mean that our conclu- 
sions are valid and others have reached similar stand- 
points. ™? 

David Bergquist, MD, PhD 
Lilian Tengborn, MD, PhD 
Thomas Mätzsch, MD 
Agneta Bergquist, MD, PhD 
Ulla Hedner, MD, PhD 
Department of Surgery 
Malmo General Hospital 
Mdlmo, Sweden S-214 01 
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Predictive value and prevalence 


To the Editors: 

The following comments refer to the article by Pats- 
ner and Mann (The value of preoperative serum CA 
125 levels in patients with a pelvic mass. AM J OBSTET 
GYNECOL 1988;159:873-6). 

The authors found that elevated preoperative se- 
rum CA 125 levels are more predictive of malignancy 
in postmenopausal women than in premenopausal 
women (0.87 versus 0.67). However, the two super- 
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Fig. 1. Relationship between pretest probability (prevalence) 
and posttest probability (positive predictive value) of malig- 
nancy according to positive test result of CA 125 in premeno- 
pausal women (—.—.) and postmenopausal women (—-) 
(with corresponding 95% confidence ranges) with data of Pats- 
ner and Mann. Predictive values for two prevalences (0.41 and 
0.62) are indicated. 


imposed pretest/posttest probability curves (Fig. 1), 
which were computed and generated with a test eval- 
uation program! with the use of the data of Patsner 
and Mann, show that this seeming difference in positive 
predictive values is mainly because of the difference in 
prevalence (pretest probability): 0.41 in premenopausal 
women versus 0.62 in postmenopausal women. 

On the basis of the same prevalence, the positive 
predictive values are as follows: 0.67 for premeno- 
pausal women and 0.74 for postmenopausal women if 
prevalence is 0.41; 0.83 for premenopausal women and 
0.87 for postmenopausal women if prevalence is 0.62. 
The difference in test sensitivity or specificity has no 
significant influence on predictive value as seen by the 
almost complete overlap of the 95% confidence ranges 
of the two curves. 

In summary, the test itself did not work better in 
postmenopausal women, but the prevalence of malig- 
nancy was higher in this group, and therefore the 
higher positive predictive value.” 

Multiple parallel testing will always improve sensitiv- 
ity while decreasing specificity, if (as is usually done) 
conflicting results are classified as positive.’ This rela- 
tion means for the prospective studies of the parallel 
test combination serum CA 125 levels and pelvic ultra- 
sonographic evaluation mentioned in the article’s dis- 
cussion section, that these studies must lead to a de- 
crease of positive predictive value. 

Rainer G. Kiirzl, MD 
1. Frauenklinik der Universitat München 
Maisirasse 11 
D-8000 München 2, West Germany 
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Reply 
To the Editors: 

Dr. Kiirzl’s detailed and thoughtful commentary on 
my article is greatly appreciated and raises an important 
point. 

Clinical investigators often include, and reviewers of- 
ten insist on, calculations of predictive value of a given 
test, even though such determinations may be mislead- 
ing. The main point of my article was that neither the 
specificity nor sensitivity of the CA 125 assay alone was 
good enough to allow consistent discrimination of be- 
nign from malignant pelvic masses in either premeno- 
pausal women or postmenopausal women, although the 
test is somewhat less misleading in the latter group of 
patients. Efforts were made to exclude patients known 
to have those conditions that give false-positive results 
(e.g., pregnancy, endometriosis) and to exclude patients 
whose diagnosis of ovarian cancer was virtually un- 
questionable. 

The calculation of sensitivity and specificity for CA 
125 for the patient population we studied is correct. 
More to the point, without knowing the true prevalence 
of the, disease (ovarian cancer) in the entire patient pop- 
ulation to be screened (those patients with a pelvic 
mass), it really is not possible to calculate either the 
negative or positive predictive value of the CA 125 assay 
in this context. Inclusion of these calculations is inter- 
esting but is not correct statistically as, I believe, Dr. 
Kürzl points out. 

À Bruce Patsner, MD 
Division of Gynecology Oncology 
Watson Clinic 

P. O. Box 95000 

Lakeland, FL 33804-5000 


Birth stress increases fetal atrial 
natriuretic factor 


To the Editors: 

Cheung and Brace nicely showed that in experimen- 
tal animals fetal hypoxia elevates the concentration of 
atrial natriuretic factor (ANF) (Cheung CY, Brace RA. 
Fetal hypoxia elevates plasma atrial natriuretic factor 
concentration. AM J OBSTET GYNECOL 1988; 159:1263- 
8). To investigate the response of fetal ANF on in- 
creased birth stress in man we studied 13 term vagi- 
nal deliveries. Seven of these were uncomplicated 
(1-minute Apgar score = 9), whereas in six cases there 
were signs of acute fetal distress as revealed by late 
decelerations in cardiotocography, starting >15 min- 
utes antepartum; in three of these cases there was me- 
conium in the amniotic fluid. The Apgar scores of the 
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Fig. 1. ANF concentration in umbilical artery (©) and umbilical 
vein (@) in normal and stressed newborns. Corresponding ar- 
terial and venous values are connected with lines. Note log- 
arithmic scale. 


stressed infants were 7 or 8. The umbilical cord was 
doubly clamped within 20 seconds, and blood samples 
for ANF measurements! were taken from the umbilical 
artery and vein. l 

In the group with increased birth stress, both arterial 
(p < 0.02) and venous (p < 0.05) concentrations of 
ANF were significantly higher than the corresponding 
values in normal infants. In all cases the ANF concen- 
tration in the umbilical artery exceeded that in the um- 
bilical vein (Fig. 1). 

The results show that the human fetus responds to 
increased stress by secretion of ANF. It remains to be 
elucidated whether the primary stimulus for this se- 
cretion is hypoxia per se or is a result of other prenatal 
hormonal alterations.? 

Sture Andersson, MD 
Mikko Hallman, MD 
Ilkka Tikkanen, MD 
Frej Fyhrquist, M. 
Departments of Obstetrics and Gynecology, : 
Pediatrics, and Medicine 
Helsinki University Central Hospital 
Stenbäckinkatu 11 
00290 Helsinki, Finland 
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Reply 
To the Editors: 

In response to the letter by Andersson et al. we would 
like to provide the following comment. 

We were pleased to see the clinical correlate sug- 
gesting that acute fetal stress elevates plasma atrial na- 
triuretic factor (ANF) levels in human fetuses similar 
to the rise in ANF that we found during acute hypoxia 
in ovine fetuses. Our only concern with the findings of 
Andersson et al. was that the 1-minute Apgar scores of 
7 to 8 found in their stressed fetuses are generally con- 
sidered to be near normal and in nonhypoxic states. 
ANF levels in fetuses with progressively lower Apgar 
scores would be of interest. In addition, as Andersson 
et al. noted, it has yet to be determined whether their 
stressed fetuses with elevated ANF levels were also hyp- 
oxic. Thus simultaneous arterial cord blood gas mea- 
surements would be valuable. 

The finding that fetal umbilical arterial ANF levels 
are higher than venous levels in human fetuses is in 
agreement with several previous reports and our un- 
published findings. 

Cecilia Y. Cheung, PhD 

Robert A. Brace, PhD 
Division of Perinatal Medicine 
Department of Reproductive Medicine 
University of California, San Diego 
La Jolla, California 92093 


Cardiovascular collapse during laparoscopy 
To the Editors: 

We read the article by Drs. Brantley and Riley 
(Brantley JC, Riley PM. Cardiovascular collapse during 
laparoscopy: a report of two cases. AM J OBSTET GY- 
NECOL 1988;159:735-7) with great interest. The au- 
thors conclude that cardiovascular collapse during the 
two laparoscopies was caused by severe atypical vagal 
reactions and carbon dioxide embolization. 

We believe this conclusion is inappropriate. In our 
opinion the most likely explanation is the anesthetic 
technique used. In the two patients described succi- 
nylcholine was administered by high-dose bolus injec- 
tion of 100 mg and by concomitant intravenous drip 
(amount not mentioned). 

A relationship between the use of succinylcholine and 
cardiac dysrhythmia is well known. Succinylcholine 
stimulates nicotinic receptors in both sympathetic and 
parasympathetic ganglia and muscarinic receptors in 
the sinus node of the heart. The most prominent clin- 
ical manifestations of the generalized autonomic stim- 
ulation are sinus bradycardia, junctional rhythm, and 
premature ventricular contractions that range from 
unifocal premature ventricular contractions to fibril- 
lation. Higher incidences of these phenomenons are 
more common after incremental doses and drips. 
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Currently succinylcholine drip infusion is consid- 
ered obsolete. Succinylcholine should be reserved for 
“crash” intubations. With the availability of safer, 
short-acting, nondepolarizing neuromuscular block- 
ing agents (i.e., vecuronium bromide and atracurium 
besylate) the use of succinylcholine is unwarranted. 

The very high dose of 0.5 mg fentanyl, instead of 
the normal dose of 0.05 mg, as premedication of patient 
1 is viewed as a manuscript error and is not a contrib- 
uting factor. 

Harm Lip, MD, PhD 
Elmar Delhaas, MD 
Department of Anesthesiology 
Sophia Hospital l 
Dr. Van Heesweg 2 
8025 AB Zwolle, The Netherlands 


Reply 
To the Editors: 

I appreciate the letter by Drs. Lip and Delhaas. The 
conclusion of our article is that, during an otherwise 
uncomplicated laparoscopy, a sudden cardiovascular 
collapse can occur. Because of this fact it is imperative 
that the patient be adequately monitored. 

The cause of the cardiovascular collapse in these two 
patients was unclear. It was our opinion that carbon 
dioxide embolization was probably the cause, but our 
hypothesis could not be proved. The blood gases con- 
firmed a significant amount of hypoxia. 

We considered a “reaction” to succinylcholine as a 
possible cause initially, but there were two facts that 
weighed against this. The first was that there was no 
temporal relationship in either case between the dose 
of medication and the subsequent collapse. The second 
reason was that in both cases the cyanosis occurred 
before the bradycardia. We believed that hypoxia pre- 
ceeded and was the cause of the bradycardia. 

We are familiar with vecuronium and atracurium; 
however, our anesthesia department still finds succi- 
nylcholine a useful and safe drug for these short cases. 

Julian C. Brantley HI, MD 
Beaufort County Hospital 
614 E. 12th St. 
Washington, NC 27889 


Lack of association of cytotoxicity in serum 

and preeclampsia 
To the Editors: 

I read with interest the article by Rodgers et al. 
(Rodgers GM, Taylor RN, Roberts, JM. Preeclampsia 
is associated with a serum factor cytotoxic to human 
endothelial cells. AM J OBSTET GyNECOL 1988;159: 
908-14). The authors postulate that the endothelial cell 
injury caused by a putative substance is the cause of 
many of the pathologic changes of preeclampsia. They 
are not the first to believe in toxemia of pregnancy, and 
as it happened with the others, the authors’ toxic factor 
is not convincing. First of all, the series is extremely 
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small; of the eight women with preeclampsia, the two 
with low platelets had negative cytotoxicity values just 
' like the controls, and the study patients seem to be a 
heterogeneous group. Second, if the authors believe in 
their postulate and conclusions, how can they explain 
the increase in the cytotoxic activity of the serum in the 
normal patients post partum? Finally, in spite of the 
statistically significant differences between the prede- 
livery and postdelivery values in the normal and pre- 
eclamptic patients, how could the authors draw theo- 
retical conclusions in a clinical context without having 
a normal range for chromium 51 release/total *'Cr 
when all the values were in a narrow range of 0.32 and 
0.45. f 

In my opinion the vascular damage in patients with 
preeclampsia is secondary to the failure to increase the 
intravascular volume, characteristic of normal preg- 
nancies.” The authors failed to prove that there is an 
association between a cytotoxic factor in the serum and 
preeclampsia when compared with normal pregnant 
patients. 

I believe that the authors were measuring *'Cr release 
from human umbilical vein endothelial cells exposed 
to pregnant and puerperal serum, and they proved that 
the latter releases it. l 

l Emeric P. Frohlich, MRCOG 
Department of Obstetrics and Gynaecology 
University of the Witwatersrand and J. G. Strijdom Hospital 
Private Bag X01 
Auckland Park 2006, South Africa 
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Reply 
To the Editors: 

We are glad that Dr. Frohlich found our article in- 
teresting and are equally pleased that he feels our 
hypothesis (endothelial cell injury that is secondary 
to blood-borne agents causes the pathophysiologic 
changes of preeclampsia) has not been proved. This 
would certainly be premature on the basis of our limited 
and preliminary data. The principle of the scientific 
method is to present and test hypotheses. We feel that 
our hypothesis has “passed” an initial test on the basis 
of the data we presented. 

We are of course aware of the heterogeneous nature 
of the preeclamptic women in our study. This is un- 
fortunately the nature of advanced preeclampsia, and 
it was Our purpose to initially test only patients in whom 
the diagnosis of preeclampsia was certain. The fact that 
the cytotoxicity indices were not positive in all patients 
with preeclampsia is likely to be due to the heteroge- 
neity of the disease, although it may also be due to the 
insensitivity of the *'Cr release assay. When we began 
this study, we were concerned that nonspecific immune- 
mediated endothelial injury by heterologous sera might 
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mask the effect of preeclampsia. For this reason we 
chose to use the patients as their own controls, com- 
paring predelivery and postdelivery sera by the cyto- 
toxicity assay. The nonspecific effects of sera on allo- 
geneic endothelial cells explain our failure to define a 
“normal range” for the results. However, on the basis 
of the data presented and our subsequent experiments, 
cytotoxicity indices for normal pregnant women con- 
sistently have values <0 (ie., more *'Cr released by 
endothelial cells exposed to postdelivery specimens 
than by predelivery sera). 

We were pleased when we found that, despite the 
predicted variability of response among patients, nor- 
malization of the data as percent *'Cr release yielded a 
greater value only with predelivery specimens from 
preeclamptic women. These findings suggest to us that 
normal pregnancies elaborate. serum factors that are 
predominantly cytoprotective, while in preeclamptic 
patients an agent leading to endothelial cell perturba- 
tion is present. 

In any event this proposal remains only a hypothesis 
until further testing. We will try to maintain an open 
mind as more data accumulate and would urge others 
to do likewise, about this or any hypothesis. 

James M. Roberts, MD 
Robert N. Taylor, MD, PhD 
University of California, San Francisco 
Department of Obstetrics, Gynecology and : 

Reproductive Sciences 
1462 Health Sciences East 
Box 0550 


San Francisco, CA 94143 


Premature ovarian failure’ 


To the Editors: 

The report by Check et al. adds to accumulating ev- 
idence that premature ovarian failure is not always a 
final state of complete follicular depletion (Check JH, 
Chase JS, Spence M. Pregnancy in premature ovarian 
failure after therapy with oral contraceptives despite 
resistance to previous human menopausal gonadotro- 
pin therapy. AM J OBSTET GYNECOL 1989;160:114-5). 
They suggest that use of an oral contraceptive caused 
remission of ovarian failure by reversing “down- 
regulation’ of FSH and LH receptors on the granulosa- 
theca cells,” a down-regulation that had been induced 
by elevated gonadotropins. We realize the authors did 
not intend to discuss all possible hypothetical expla- 
nations for their case, but we would like to suggest an 
alternate explanation. 

Their patient was seen with secondary amenorrhea, 
a multicystic ovary that regressed with oral contracep- 
tive use, elevated gonadotropins, and a hypogonadal 
serum estradiol level. How may one best explain the 
unusual combination of functional ovarian cyst for- 
mation and hypergonadotropic hypogonadism in the 
same patient? Did this patient have evidence of desen- 
sitization to the éffects of persistently elevated gonad- 
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otropins? If sufficient down-regulation of FSH and LH 


receptors on the granulosa-theca cells had occurred to _ 


cause hypogonadal serum estradiol levels, one would 
expect this degree of down-regulation would also pre- 
clude the development of functional ovarian cysts. 

We suggest that one could explain this process with- 


out invoking the need for down-regulation. Autoim-- 


mune oophoritis is a process that may be seen with the 
clinical constellation of secondary amenorrhea, furic- 
tional ovarian cysts, elevated gonadotropins, and hy- 
pogonadal serum estradiol levels.' This process selec- 
tively attacks maturing follicles: the more mature the 
follicle, the more intense the T cell infiltrate. Primordial 
follicles are spared.’ This process may allow follicular 
development to a clinically apparent size, but cause suf- 
ficient follicular dysfunction by the autoimmune attack 
to preclude normal estrogen production. 

Often the nature of the process can be clinically i in- 
apparent; autoimmune oophoritis has been histologi- 


cally confirmed in a patient who did not exhibit other - 


overt endocrine or other overt autoimmune disorders.* 
Was there suggestion of any such disorder in this pa- 
tient? 

Even in the absence of other endocrine or- autoiin- 
mune disorders, we believe the patient reported by 
Check et al. may have had autoimmune ovarian failure. 
We suggest that the oral contraceptive therapy acted 


by reducing gonadotropin stimulation to the granulosa- . 


theca cells. This reduced granulosa-theca cell activity, 
and thereby reduced the expression of trigger antigens 
that are present only on maturing follicles. Reduction 
of. the antigenic burden led to a quieting of the au- 
toimmune response and allowed remission to occur, 
much as antithyroid medication can lead to a quieting 
of autoimmune thyroid disorders. 

Ovarian failure is generally viewed as an irreversible 
state, a view that some patients clearly show to, be er- 


roneous. If autoimmune ovarian failure is truly a 


gonadotropin-dependent process, an “ovarian respite” 


has theoretic appeal as a means of therapy. We have - 


initiated a clinical protocol to test this hypothesis with 
use of a long-acting gonadotropin releasing hormone 
analog. 

Lawrence M. Nelson, MD 

George R. Merriam, MD 

Developmental Endocrinology Branch 
National Institute of Child Health and Human Development 
Building 10, Room 10N262 
Bethesda, MD 20892 
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. Reply” 
To the Editors: : 

I appreciate the comments by Drs. Nelson and Mer- 
riam concerning our manuscript. Space did not allow 
us to mention all the possible hypothetical explanations 
of the mechanisms by which ovulation and pregnancy 
can occur in an apparent menopausal woman. We used, 


‘as an example, the down-regulation of gonadotropin 


receptors hypothesis because this was the model on 


_ which we based our therapy. However, frequently in 


medicine a therapy may be found effective although 
the initial premise on which that therapy was based is 
wrong. 

The alternate explanation of autoimmune oophoritis 
suggested by Drs. Nelson and Merriam is certainly plau- 
sible and could well explain the events in this case. 
Perhaps the presence of a preexisting cyst might favor 
an autoimmune oophoritis rather than a gonadotropin 
receptor down-regulation mechanism. Unfortunately, 
although we did obtain a fasting glucose, calcium level, 
thyroid studies including thyroid-stimulating hormone, 
cortisol, complete blood cell count, and serum cortisol 
(all of which were normal), we did not measure specific 
antibody levels against any of the endocrine glands. 
While the majority of cases of autoimmune oophoritis 
have been associated with Addison’s disease," ? there 


also have been cases reported with documented au- 


toimmune ovarian histopathology without adrenal 
disease.’ 

As of now, there have been 21 pregnancies in the 
first. 100 apparent ovarian failure cases that we treated 
with gonadotropin suppression and subsequently with 
human menopausal gonadotropin stimulation (10 have 
been delivered of normal viable babies) and in only one 
case was there documentation of paucity of ovarian 
tissue.* We had an additional case in which there was 
hardly any ovarian tissue remaining in a 44-year-old 
woman with bilateral blocked tubes. In that case we 
fertilized an embryo by in vitro fertilization but it was 
cryopreserved rather than transferred for future use 
because donor sperm was also required.’ These two 
cases both favor the gonadotropin receptor down- 
regulation mechanism hypothesis. However, we have 
no further histologic or morphologic description of the 
ovaries of any of the other cases, so that either an au- 
toimmune oophoritis or gonadotropin receptor down- 
regulation mechanism mechanism for “ovarian failure” 
could be the cause. In fact, other mechanisms are also 
possible (e.g. spontaneous remission from gonadotro- 
pin receptor antibodies) as we have = apreviously sug- 
gested.* 

We are very interested in the results of Drs. Nelson 
and Merriam’s clinical trial of a long-acting gonadotro- 
pin releasing hormone analog for women with ovarian 
failure. It is certainly possible that our occasional suc- 


cess with ovulation induction with leuprolide acetate 


alone occurred not on the basis of restoring gonado- 


tropin receptors to such a degree that the patient re- 


sponded to a combination of endogenous gonadotropin 
and the agonistic action of leuprolide, but, instead by 
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providing an “ovarian respite.” However, in the case 
we reported the rapid response to leuprolide before 
‘there was time to suppress or rest the follicle does in- 
deed favor the gonadotropin receptor down-regulation 
mechanism rather than the autoimmune oophoritis hy- 
pothesis.® 

Á Jerome H. Check, MD 
1015 Chestnut St. 
Suite 1020 
Philadelphia, PA 19107 | 
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Fetal weight error perpetuated 
To the Editors: 

At a World Federation of Ultrasound in Medicine— 
American Institute of Ultrasound in Medicine—Society 
of Diagnostic Sonography meeting in Washington, D.C. 
(Oct. 17 to 22, 1988), I received some feedback about 
the use of an unpublished, modification of the Warsof 


fetal weight regression formula rather than the Shep- 


ard modification of that formula in my obstetric soft- 
ware program, BASIC BABY II. Actually, I had tried 
to use the Shepard formula and I could not make it 


produce accurate results. Because of the extreme in- 


terest in more accurate fetal weight estimates, I decided 
to look closely at those formulas. 

To my surprise I discovered a typographic error in 
the formula published in the original article in the 
Journau (Shepard MJ, Richards VA, Berkowitz RL, 
Warsof SL, Hobbins JC. An evaluation of two equations 
for predicting fetal weight by ultrasound. AM J OBSTET 
GYNECOL 1982;142:47-54). I have not seen any men- 
tion of this typographic error in publication. A correction 
was published in 1982.—-Ep.* Indeed, the erroneous for- 
mula has been perpetuated in two otherwise excellent 
textbooks." ? 

The formula is shown in four places in the original 


*Am J OBSTET GYNECOL 1982;143:485. 
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Shepard et al. article; correctly in the text on pages 47 
and 54, and once incorrectly in the more obvious po- 
sition in the widely used Table IV on page 48. 

The correct formula is as follows: 


Logic (birth weight) = — 1.7492 + 0.166/(BPD) + 
0.046(AC) — 2.646(AC x BPD)/1000 


The incorrect formula is as follows: 


Logis (birth weight) = — 1.7492 + 0.166/(BPD) + 
0.046(AC) — 2.646(AC + BPD)/1000 


The difference is a “+” where an “x” should have 
been toward the end of the formula. The erroneous 
formula may produce errors that are too large by 54% 
early in pregnancy to >475% in large, term fetuses. 
The fetal weights published in the associated table were 
obviously computed with the correct formula. 

l Terry J. DuBose, BBA, RDMS 
3606 Grooms St. 
Austin, TX 78705 
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Methodologic queries: Clinical significance of 
mean arterial blood pressure in second trimester 


To the Editors: 

We read the article by Drs. Villar and Sibai (Villar 
MA, Sibai BM. Clinical significance of elevated mean 
arterial blood pressure in second trimester and thresh- 
old increase in systolic or diastolic blood pressure dur- 
ing third trimester. AM J OBSTET GYNECOL 1989; 
160:419-23) with great interest. The article has a num- 
ber of vitally important omissions and flaws with regard 
to methods that need to be addressed. We invite the 
authors to address these issues in the form of a written 
reply: 

When did this “prospective” study occur? 

What were the inclusion and exclusion criteria? 
Was informed consent obtained? 

How many patients refused participation? 

What was the research protocol? 

Who measured the blood pressure? 

. How was the blood pressure measured? With what - 
instrument? What Korotkoff phases were recorded? 
What efforts were made at standardization of tech- 
nique and recordings? 

8. What was the rationale for pooling results be-. 
tween 13 and 27 weeks’ gestation for calculation of the 
average mean arterial pressure in the second trimester? 

9. What was the intent of the analyses that used 
third-trimester systolic and diastolic blood pressure 
measurements? The use of third-trimester data indi- 
cates that the authors performed an analysis of a 
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posteriori diagnoses rather then a prospective analysis 
concerning prediction. Had the framework indeed 
been prognostic, the authors should have examined the 
differences in systolic and diastolic pressures between 
first and second trimesters (much as they did for the 
average mean arterial pressure), not between second 
and third trimesters, and certainly not with the same 
measurements on which they based their final diag- 
noses. The intent of the analysis is further obscured by 
virtue of the fact that (as the authors state) increases 
of >30 mm Hg systolic or 15 mm Hg diastolic are used 
for the diagnosis of preeclampsia. If the intent was to 
assess the agreement between the authors’ diagnoses 
and diagnoses on the basis of increases of 30 mm Hg 
systolic or 15 mm Hg diastolic pressure, the x statistic 
would have been the appropriate statistic. . 

10. Were the values used to analyze differences in 
systolic and diastolic pressures means, maximums, or 
minimums? How were the third trimester data chosen? 

11. Were any interventions made? 

12. What were the a prion assumptions on heh the 
authors elected to study 700 patients? 

13. Did any patients drop out? Were any patients 
lost to follow-up? 

14. How were the data collected, stored, edited, and 
analyzed? 

15. Who assigned diagnoses? 

16. The equation provided in the methods section 
for.calculation of mean arterial pressure is erroneous. 
What was the actual method of calculation? 


Kathy L. Ales, MD 

Clinical Epidemiology Unit 
Department of Medicine 
New York Hospital—Cornell University Medical Center 
515 East 71st St., S-800 
New York, NY 10021 

Maurice L. Druzin, MD 
Department of Obstetrics and Gynecology 
New York Hospital—Cornell University Medical Center 
525 East 68th St. 
New York, NY 10021 


Reply 
To the Editors: 

I would like to thank Drs. Ales and Druzin for their 
extensive interest in our manuscript. The study was 
conducted during 1986 and 1987. The inclusion cri- 
teria included primigravid women without medical risk 
factors between the ages of 13 to 25 years. The study 
population included all such women who were followed 
up in our prenatal clinic who were enrolled as part of 
a nutritional supplementation study and who continued 
their prenatal care in that clinic. Informed consent was 
obtained from those enrolled in the nutritional study. 
The number of patients who refused participation is 
not relevant because it applies to patients who wanted 
to have prenatal care in the neighborhood clinics. The 
research protocol is mentioned in the material and 
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methods section. The blood pressure was measured by 
the nurses in the clinic with the patient sitting after 
resting for 10 to 15 minutes. The Korotkoff phase IV 
was used for diastolic pressure. The technique was as 
per standard protocol in the prenatal clinic. 

The rationale for pooling results between 13 and 27 
weeks’ gestation for calculation of the average mean 
arterial pressure in the second trimester is simple ele- 
mentary mathematics and does not require explana- 
tion. An average MAP-2 means the average value of 
all mean arterial pressure—values recorded in the sec- 
ond trimester (13 to 27 weeks’ gestation). 

In the population studied, about 98% of cases of 
preeclampsia develop at =27 weeks’ gestation (third 
trimester). This was the réason for comparing the third 
trimester data with either first or second trimester. We 
actually compared the values measured either in first 
or second trimester and that in the third trimester and 
not between the second and third trimester as stated 
by Drs. Ales and Druzin (see the material and methods 
section). 

The final diagnosis was made on the basis of the 
absolute blood pressure criteria stated in the article and 
not on the basis of “same measurements” as stated by 
Drs. Ales and Druzin. 

Interventions were not made on the basis of the 
threshold increase in blood pressure criteria. The di- 
agnoses were assigned by the physicians taking care of 
these patients. All such patients received intravenous 
magnesium sulfate during labor. This information is 
stated in the article where the word proteinuria should 
be replaced by preeclampsia. 

The 700-patient sample size was determined on the 
basis of our estimate of having this many patients elect- 
ing to continue their prenatal care in our clinics during 


‘the study period. We estimated that 140 patients in this 


age group will have pregnancy-induced hypertension— 
preeclampsia (20% incidence). The blood pressure data 
and final diagnosis were collected at the time of each 
prenatal visit and immediately after delivery and were 
then recorded on special data sheets for subsequent 
analysis. The patients included in this study are those 
who continued their prenatal care and were delivered 
of infants at our hospital. 


The formula for MAP calculation is correct: 


S + 2D 


MAP = 3 


where S = systolic blood pressure and D = diastolic 
blood pressure. 

I hope that the questions are answered. If there are 
further questions, I will be glad to answer them. 

Baha M. Sibai, MD 

Division, Maternal/ Fetal Medicine 
College of Medicine 
Department of Obstetrics and Gynecology 
The University of Tennessee, Memphis 
853 Jefferson Ave. 
Memphis, TN 38163 
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Basic Colposcopy, Advanced Colposcopy and HPV 


Update, Colposcopic CO, Laser Surgery 
Postgraduate CME Category 1 Courses, April 
18-20, 1990. Caesars Palace, Las Vegas, Ne- 
vada. For information contact V. Cecil Wright, 
MD, Program Director, 887 Richmond St., 
London, Ontario, Canada N6A 3J1, or by 
phone at (519) 438-1411; or Mary Ann Rio- 
pelle, Course Coordinator, care of Biomedical 
Communications, 3609 Cason St., Houston, 
TX 77005, or by phone at (713) 224-7580. 


2nd Annual Review Course in Obstetrics and Gynae- 


cology, May 1-5, 1990, Hilton International 
Toronto, Toronto, Ontario, Canada. AMA 
Category 1 credit hours. For further infor- 
mation contact: Continuing Education, Fac- 


ulty of Medicine, University of Toronto, Med- ` 


ical Sciences Building, Toronto, Ontario, Can- 
ada M5S 1A8. Tel.: (416) 978-2718. 


Updates in Obstetrics & Gynecology, June 19-22, 


1990, Ramada Renaissance Hotel, Jerusalem, 
Israel. Cosponsored by the Departments of 
Obstetrics and Gynecology, The Mount Sinai 
Medical Center, New York, and The Israel 
OB/GYN and Hadassah Medical Organiza- 
tion, Israel. For information contact: Judah 
Friedman, Secretariat, Mount Sinai Medical 
Center, Department of Obstetrics and Gyne- 
cology, Box 1170, New York, NY 10029. Tel.: 
(212) 241-5786. Fax: (212) 360-6917. 


The Annual International Reproductive Health Sem- 
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inar, October 19-21, 1990, Coral Gables, 
Florida. Sponsored by IPARC International 
Population and Reproduction Council, Inc., in 
cooperation with IPARC Human Develop- 
ment Program, Inc. For further information 
contact: Howard A. Engle, MD, Director Gen- 
eral, IPARC, 975 Arthur Godfrey Road, Suite 


102, Miami Beach, FL 33140. Tel.: (305) 531- 
0047. Outside IPARC North American Region 
(USA and Canada) contact: Arnaldo De Mo- 
raes II, MD, PhD, Vice President, IPARC, 20 
Princesa Januaria St., Flamengo 22250 Rio de 
Janeiro, R. J., Brazil. Tel.: (021) 552-7349. 


Division of Neonatal Medicine, University of Cali- 


fornia Irvine Medical Center, “The New De- 
cade: Neonatal/Perinatal Medicine,” Carib- 
bean Cruise Conference, November 3-10, 
1990. For further information contact William 
Cvetnic, MD, or Terry Pliska, RN, Division of 
Neonatal Medicine, University of California 
Irvine Medical Center, P.O. Box 8119, Or- 
ange, CA 92664-8119. Tel.: (714) 634-6933. 


The Pacific Coast Obstetrical and Gynecological So- 


ciety Ted Adams Scholarship Committee in- 
vites applications for an award of $7,500 to be 
given in 1990 to a student, resident, or prac- 
ticing physician residing in the geographic 
area of the society (Alaska, Arizona, British 
Columbia, California, Hawaii, Idaho, Nevada, 
Oregon, Utah, and Washington). Applicants 
should submit a descriptive outline detailing 
their educational background, their present 
status, and how the award would be used in 
pursuit of knowledge that could elucidate and 
contribute to understanding of some aspect of 
normal or abnormal structural, functional, or 
behavioral component of human reproductive 
biology. All applications received by July 1, 
1990, will be considered by the committee. 


‘The decision of the committee will be finaland — 


will be announced at the annual meeting of 
the Society September 9-19, 1990, at Sun Val- 
ley Resort Hotel, Sun Valley, Idaho. Address 
applications to: PCOGS Scholarship Commit- 
tee, P.O. Box 55249, Seattle, WA 98155. 





Your patient trusts you to tell her everything she needs to know about potential dangers in 
the food she eats, the water she drinks, the drugs she takes, even the air she breathes. Who do you 
trust to tell you? How do you know that your information regarding what effects her environ- 


ment t could have on her and her unborn child i is wholly accurate and up to date? 


OBSTETRICIANS AND GYNECOLOGISTS TRUST REPROTOX 

The Reproductive Toxicology Center at Columbia Hospital For Women was founded in 
198] in response to the growing need to develop a blend of expertise in basic experimental 
sciences like pharmacology and toxicology with training in the various clinical disciplines relating 
to fertility and reproduction. We have developed a far-reaching database service called REPROTOX 
that provides our subscribers with the very latest research findings regarding the effects of toxi- 
cants, nutrients, prescription and over-the-counter drugs on a fetus. 

REPROTOX is vital information. It is documentation. It is peace of mind protection for 
both patient and physician at a time when uncertainties abound and when yet another discovery 
of the harmful effects of something on someone seems to occur daily. 


GO ON-LINE NOW FOR ONLY $150 A YEAR ` 
REPROTOX is available 24 hours a day, providing printable, up-to-date summaries that’ 
reflect the latest information on thousands of agents that may have an impact on human fertility 
and reproduction. Individual membership in the Center is only $150 annually* and includes not 
only unlimited on-line access, but a subscription to our quarterly Sores Reproductive 
Toxicology. Inquiries can also be submitted in writing. 


CALL 202-293-5138 NOW 

The Reproductive Toxicology Center at Columbia Hospital fe for Women is the only facility 
of its kind in America. Our REPROTOX. database i is a unique and vital service employed by 
hundreds of physicians and genetic centers nationwide. We urge you to better protect your 
patients and your practice by subscribing immediately. > © *Group rates are available. 
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and 


The Israel Society of Obstetrics and Gynecology 
The Department of Obstetrics & Gynecology, Hadassah Medical Organization 
Jerusalem, Israel 


UPDATES IN OBSTETRICS & GYNECOLOGY 
JUNE 19 - 22, 1990. 
at the Ramada Renaissance 
. - Jerusalem, Israel 


. Prominent U.S, Faculty 


p Richard L. Berkowitz, MD Carmel J. Cohen, MD . Alan H. DeCherney, MD 
Phillip J. DiSiai, MD © Nathan Kase, MD Robert Glass, MD 


` anda distinguished panel of Israel faculty . 


This Sea will present the most recent advances in Maternal- Fetal Medicine, Gynecologic Oncolo ogy and sodod Endocrinology and is 

pach ie poio 18 pone hours, Gal Category 1 A.M.A's Physicians Recognition Award and 16 cognates, Formal Learning, by The American College 
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POSITIONS OPEN 
UNIVERSITY OF UTAH SCHOOL OF MEDICINE 


MATERNAL-FETAL MEDICINE 
The Department of Obstetrics and Gynecology i is seeking three faculty members for the Division of 
Maternal Fetal Medicine. Two positions at the University of Utah Health Sciences Center are at the 
Assistant Professor level, and the position at LDS Hospital is at the Assistant/Associate Professor 
level. Presently, there are seven members in the Division which has a fellowship, and active clinical 
and research programs in high risk obstetrics, ultrasound, prenatal diagnosis, genetics and immunol- 


. ogy. We are particularly interested in individuals with a proven interest in teaching, patient care and 


expertise in research. Applicants must be board eligible or board certified in the subspecialty. 


REPRODUCTIVE ENDOCRINOLOGIST 
The Department of Obstetrics and Gynecology is seeking a faculty member at the Assistant Professor 
level for the Division of Endocrinology. Presently, there are four clinicians and one Ph.D. in the 
Division which-has active programs in all areas of infertility including ovulation induction, IVF/GIFT, 
microsurgery, and laser surgery. We are particularly interested in an academically oriented individual 
who has an interest and expertise in laboratory research and is capable of developing into an 
independent investigator. Applicants must be board eligible or board certified in the subspecialty. 
Interested candidates for the above positions should send curriculum vitae to: , 
James R. Scott, M.D., Professor and Chairman 
‘Department of Obstetrics and Gynecology 
University of Utah School of Medicine 
50 North Medical Drive 
Salt Lake City, Utah 84132 


Applications must be postmarked by April 30, 1990. Applications received after that deadline may 


be considered if no qualified applications have been received by that time. The University of Utah 
is an Equal Opportunity Affirmative Action Employer. 





MATERNAL-FETAL 
MEDICINE 
(Board eligible or Certified) 


600 Bed University-affilited Level III Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 
include residency teaching, maternal 
transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in very close 
proximity. 


CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
GROSSE POINTE, MI 48236 


MATERNAL/FETAL 
MEDICINE SPECIALIST 


The division of Matemal/Fetal Medicine in the Department of Obstetrics 
and Gynecology is presently seeking a second Board Certified/Eligi- 
ble Maternal/Fetal Medicine Specialist. 


The program is centered in a medical school teaching hospital and is 
undergoing steady growth. The position includes high risk maternal 
transport care, perinatal consultations and a busy antenatal testing unit 
where approximately 400 procedures per month are performed. These 
include NST, CST, BPP, Level | and Il ultrasound, early and 16 week 
genetic amniocentesis, CVS, Doppler ultrasound and feta! 
echocardiography. 


Responsibilities are primarily clinical, including interactions with 
Obstetric and Gynecology residents. An individual with interest in clinical 
research is preferred since academic productivity is encouraged. 


The University is nearing completion of an adjacent research and educa- 
tion facility where resources are available to support both basic and 
Clinical investigatioin. An applicant skilled in PUBS is preferred. 


Academic appointment will commensurate with experience. A com- 
prehensive benefit package including malpractice insurance is included. 


Interested applicants should submit their Curriculum Vitae to: Joseph 
N. Bottalico, D.O., Director of Maternal/Fetal Medicine, 
University of Medicine and Dentistry, School of 
Osteopathic Medicine, 301 South Central Plaza, Suite 
2500, Stratford, NJ 08084. 
The UMDNJ is an Affirmative Action/ 
Equal Employment Opportunity Employer M/F/H/V. 
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l Seminar on 
Hypertensive Disease in Pregnancy 
Presented by 


Seton Hall University 
School of Graduate Medical Education | 
South Orange, New Jersey | 


Department of Obstetrics and 
Gynecology 
Peter A. Beaugard, M.D., Chairman 


Saturday, October 20, 1990 
8:30 a.m.—4:30 p.m. 


Saddle Brook Marriott 
_ Saddle Brook, New Jersey 


_ Hypertension” 
Norman F. Gant, M.D. 


- “Anesthesia for the Hypertensive 
Pregnant Patient” 
Gertie Mark, M.D. 


| 
| 
“Physiology of Pregnancy-Induced | 








“Hemodynamic Management of 
Pregnancy-induced Hypertension” | 
’ David B. Cotton, M.D. 


“Chronic Hypertensive Disease in 
Pregnancy” | 
Baha M. Sibai, M.D. 


“Epidemiology of Pre-eclampsia- 
Eclampsia’” 
Leon Chesley, Ph.D. 


For additional information and regis- 
tration please contact: ! 
Faye Giesmann, M.S., R.N. 
Perinatal Center 
St. Joseph’s Hospital and 
Medical Center I 
703 Main Street l ' 
Paterson, New Jersey 07503 
Telephone: (201) 977-2473 


Seton Hall Member Institutions: St. | 
Joseph’s Hospital and Medical Center 
(Paterson), St. Elizabeth Hospital 
(Elizabeth), Saint Michael's Medical 
Center (Newark), Jersey City Medical | 
Center (Jersey City). | 
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) AT BROOKLYN 






` Division of Maternal-Fetal Medicine in the 
Department of Obstetrics and Gynecology 

seeks qualified candidates for superb clin- 

ical and research opportunities. l 


PERINATOLOGISTS 


‘Candidates must be Board Eligible/ 
Certified Perinatologists. We offer a com- 
petitive salary and benefits package. 
Please send C.V.’s in strictest confidence, 
to: Howard Minkoff, M.D., Associate | 
Professor, Division of Obstetrics, SUNY ` 
Health Science Center at Brooklyn, 
450 Clarkson Avenue, Box #24, 
Brooklyn, NY 11203. 


State University of New York 


m HEALTH SCIENCE CENTER | 


OMC#C0313 





St. Louis, Missouri 
Family Practice/OB-GYN 


Do you desire flexibility in patient care and scheduling? 
Would you enjoy practicing medicine with an excellent group of 
health care professionals? We have a wonderful career Opportunity 
available for you. 


«Join a 15 member group of primary care physicians 
Patient care including female medicine, pre-natal care, 
family planning, and adolescent medicine l 
-All visits are scheduled by appointment, averaging 20 pa- 
tients per day ` EH 
«Clinic hours are 8:00 am to 4:30 pm, Monday through 
Friday; one evening scheduled per week 
*High-limit occurrence malpractice insurance coverage. ` 
offered 
For complete details, contact: 
Mary Dwyer 
Spectrum Emergency Care, Inc. 
> P.O. Box 27352 
St. Louis, MO 63141 
1-800-325-3982, ext: 3031 
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| 
Boston, 


Community Health Center serving Boston’s 

Chinatown neighborhood seeks part to full- 

time OB/GYN to start July 1990. Strong 

medical network includes CNM and NP 

support. A competitive salary and com- 

prehensive fringe benefit package including 
` malpractice insurance is offered. 


Send CV or contact: Dr. Harry Lee, - 
Medical Director, South Cove Com-. 
munity Health Center, 885 Washington 
Street, Boston, MA 02111; 617-482-7555. 


TH COVE COMMUNITY HEALTH CEN 








THE UNIVERSITY OF TEXAS © 
MD ANDERSON 
CANCER CENTER 


The, Department of Gynecology is seeking 
qualified applicants to fill research fellowship 
positions in academic gynecologic onocology 
starting July 1990. Selected fellows will spend 


` one to two years engaged in basic and clinical 
. research under the direction of senior staff 


members. Upon completion of this new NIH 
research fellowship, certain individuals may 
be qualified to enter the regular two-year clin- 
ical fellowship. Applicants must have com- 
pleted a U.S. approved residency in Obstet- 
rics and Gynecology prior to their appoint- 
ment. Interested individuals should call 
713/792-2770 for further nrormation or send 
C.V. to: - 
. Mitchell Morris, M.D. 
Department of Gynecology-67 
UT M.D. Anderson Cancer Center 
1515 Holcombe Blvd. 
Houston, Texas 77030 


AN EQUAL OPPORTUNITY EMPLOYER 
MINORITIES ARE ENCOURAGED TO APPLY 
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Excellent opportunity for a board certified 
Chief of Obstetrics and Gynecology in a 
teaching position, South Louisiana 55 
miles from New Orleans. Program con- 
sists of 16 residents, 6 of whom are in-- 
volved at all times in this integrated institu- 
tion of the Ochsner Medical Foundation 
located in New Orleans. Very active high 
risk obstetrical and gynecologic surgical 
service compose the patient population. 
Present staff consists of one full time 
board certified Obstetrician-Gynecologist 
with excellent consultative ability with 
major subspecialties. Salary very com- 
petitive with superb fringe benefits. 


Contact: Dr. Alvin H. Lassen, 
Medica! Director 
South Louisiana Medical 
Center 
1978 Industria! Blvd. 
Houma, Louisiana 70363 
Phone: (504) 873-1265 


-—OB/GYN 


Multispecialty Group 
Pacific Northwest — WA 


The Moses Lake Clinic, a multispe- 
cialty group practice, is seeking a 
board eligible/board certified OB/GYN 
physician. 

Moses Lake is in central Washington 
State with close proximity to the Co- 
lumbia River and the Cascade Moun- 
tain Range. The area is ideal for a 
family-oriented physician interested in 
the four-season recreational oppor- 
tunities available. 


Excellent professional environment 


with progressive group. Guaranteed - 


salary and partnership track available. 
Excellent benefit package. 


If interested, submit CV to: David A. 
Bradford, M.D., Moses Lake Clinic, 
840 E. Hill Ave., Moses Lake, 
Washington 98837. 














The Southeast 
Permanente 
Medical Group, Inc. 





‘Southeast Permanente Medical Group, Inc. is one of 
specialty group practices in the region. Our physician-owned/managed 
multi-specialty group provides medical care to members of the Kaiser 
Permanente Medical Program. Due to our growth in membership, we 
are currently seeking a BC/BE OB/GYN to join our physician ieam. 


As a physician member of our medical group, you will enjoy professional 
flexibility and enrichment without the burdens of managing a private prac- 
tice. In addition to top compensation, we offer a full competitive benefits 
package which includes paid professional liability. 


Located in Atlanta, GA, you will enjoy the cultural and recreational 
amenities of a cosmopolitan lifestyle, complemented by a sense of 
“southern hospitality’’. Affordable housing, outstanding educational 


facilities, and a year-round temperate climate will enhance your personal 
lifestyle. 


To learn more about the unique practice opportunities with The Southeast 
Permanente Medical Group, Inc., please call or forward your curriculum 
vitae to: 


Jennifer Johnson e 
Director of Professional Recruitment one 
R , : = Ze 
Dee woe ING KAISER PERMANENTE 
3355 Lenox Rd., Suite 1000 Good People. Good Medicine. 


ar ei An Equal Opportunity Employer 








Obstetrics and Gynecology 
Maternal/Fetal Medicine Specialist 
The Western Pennsylvania Hospital is seeking a 
second BC/BE specialist in Maternal/Fetal Medicine 
to join a rapidly growing division of Maternal/Fetal 
Medicine in a 550 bed tertiary care center. This is 
a unique opportunity in that major teaching, clinical 
and research opportunities are available in this 
university affiliated center. A fully accredited inde- 
pendent Ob/Gyn Residency training program is in 
place. This is a level Ili tertiary care center with a 
30 bed neonatal intensive care unit. The Maternal/ 
Fetal Medicine service accepts high risk maternal 
transports from throughout the tri-state area. A 
full range of genetic services are also performed 
at the institution, including chorionic villi sampling, 
amniocentesis, and genetic counseling. A research 
building is currently being built, and opportunities 
are available for both basic and clinical research. 
This position offers a state of the art practice op- 
portunity, an attractive compensation package; 
and the chance for one to be creative. Send your 

CV to: 
Mark Caine, M.D. l 
Director, Maternal/Fetal Medicine 
Department of Obstetrics and Gynecology 
West Penn Hospital 
4800 Friendship Avenue 
Pittsburgh, PA 15224 





Faculty Positions— 
Assistant Professors: 


Applicants must have completed an 
accredited residency and 2-year Fel- 
lowship in either Reproductive Endo- 
crinology or Maternal Fetal Medicine: 
Must be eligible for Texas Medical 
` License. Applicants will participate in 
clinical care of women at Parkland ` 


Memorial Hospital and Maternal 
Health and Family Planning Clinics. In- 
terested persons send curriculum 
vitae to: F. Gary Cunningham, M.D., 
Professor and Chairman, Department 
Ob/Gyn; UT Southwestern Medical 
Center at Dallas, 5323 Harry Hines 
Bivd., Dallas, Tx 75235-9032. 


An affirmative action/equal opportu: 
nity employer. 














Announcing A. 
Superior Practice Opportunity 
; ForA .... 
General Obstetrician and Gynecologist 


River District Hospital in St. Clair, Michigan, has anew practice 
opportunity for a board eligible/board certified general obstetrician 


and gynecologist. This unique practice offers the security of a two- . 


year net income guarantee, while providing incentives of private 
practice. On call coverage of this solo practice opportunity can a 
shared among one or possibly two local OB/GYNs. 

River District Hospital is a full service 68-bed ‘acute care 
community hospital located 50 miles northeast of Detroit, along the 
historical St. Clair River connecting Lake Huron and Lake Erie. 
Canada is directly across this connecting waterway and is accessible 
by ferry and bridge. 

i The hospital offers 24- hour anesthesiology coverage, county’ s 
first birthing room, new ICU-CCU, back-up support of two OB/ 
GYNs, and plans to expand to a Level II mirsery. A formal . 
affiliation exists with a 600+ bed teaching hospital — St. John 
Hospital and Medical Center in Detroit. 
Interested candidates should send Surreulum vitae to: 
Michael R. Donaldson 
. Director, Physician Recruitment 
St. John Outpatient Corporation 
31510 Gratiot Avenue, Suite 300 
Roseville, MI 48066 
(313) 296-8610 
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THE UNIVERSITY OF KANSAS 
MEDICAL CENTER DEPARTMENT OF - 
GYNECOLOGY AND OBSTETRICS IS 
SEEKING FACULTY FOR THE 

- FOLLOWING POSITIONS: 


1. Assistant Professor—Gynecology 
` and Obstetrics: Individual must be board — 


eligible or board certified. 


2. Assistant or Associate Professor— - 


Gynecologic Oncology: Individual 
must be board eligible or board certified ` 
in Gynecology and Obstetrics and eligible 
or certified in Gynecologic Oncology. Two 
positions available. 


Please send soreapondence and 
curriculum vitae to: 
Kermit E. Krantz, M.D., Litt.D. 
Professor and Chairman 
Department of Gynecology 
`- and Obstetrics 
AGniversity of Kansas Medical Center 
39th and Rainbow 
Kansas City, Kansas 66103 
The University of Kansas is an equal op- 
portunity/affirmative action employer. 


FACULTY POSITIONS IMMEDIATELY 
.. ° AVAILABLE l 
Maternal Fetal Medicine — 

Reproductive Endocrinology — 

Obstetrics/Gynecology — Urogynecology 

The Department of Obstetrics and Gynecology at 

the University of South Dakota School of Medicine 

in Sioux Falls, South Dakota, a delightful city lo- 


cated directly on the Sioux River and serving a 
- tri-state area and one of the best kept secrets in . 


the Midwest, is building a full-time academic de- 
partment. Qualified individuals to contribute, 
develop and provide leadership in all aspects of . 
the specialty are actively being sought. 
Candidates should have interests in clinical prac- 
tice activities and medical education. Clinical and/ 
or basic research opportunities are available and 
encouraged. ‘An opportunity for a creative, moti- 
vated individual with a pioneer spirit. - 

Financial remuneration and incentives are com- 
petitive and commensurate with experience, cre- 


- dentials and rank. BC or BE. Position open until 


filled. 

Please send Curriculum Vitae to: R. H. Wiebe, M.D., 
Professor and Chairman, Department of Obstetrics 
and Gynecology, University of South Dakota School 
of Medicine, 1100 South Euclid Avenue, Sioux Falls, 
SD 57117-5039, (605) 333-7327. 


An Equal Opportunity/Affirmative Action Employer - 


BC/BE OBSTETRICIAN/ 
GYNECOLOGIST 


Lucrative practice located just 20 miles 
north of Santa Fe, New Mexico on the 
Rio Grande River in the community of Es- 
panola. Income guarantee, office, and re- 
location expenses are all part of the first 
year’s financial package which is offered 
by the Hospital. This is a modern, -fully 
equipped, 80-bed hospital. New Mexico’s 
per occurrence malpractice insurance is 
also paid the first year, and the Hospital 
is open to negotiations in helping the right 
physician with their claims made tail. For 
additional information, please contact Bill 
Norris at 1-800-545-4030, extension 
6320, or Mr. Grant Nelson, Administrator 
of Espanola Hospital, at 505-753-7111. 
You may mail your C.V. to Southwest 
Community Health Services, P.O. Box 
26666, Albuquerque, New Mexico 87125 
(Attn: Bill Norris). 


REPRODUCTIVE 
ENDOCRINOLOGY-INFERTILITY 


Stanford University, Department of Gynecol- 
ogy and Obstetrics. Two full-time, tenure track 
positions. 1) Assistant Professor with M.D., 
Certified by the American Board of Obstetrics 
and Gynecology and Certified or Board Eligi- 
ble in Reproductive Endocrinology (and/or a 
minimum of two years of research). Ph.D. not 
required, but desirable. Demonstrated teach- 
ing abilities. 2) Senior investigator (Associate 
or Full Professor depending on qualifications) 
with Ph.D. and established record of achieve- 
ment in basic research in reproduction. 


Stanford University is committed to increasing 
representation of women and members of 
minority groups on its faculty and particularly 
encourages applications from such candi- 
dates. 


Please send CV and names of three refer- 
ences to: 


Emmet J. Lamb, M.D. 

Chairman, Search Committee 
Department of Gynecology and Obstetrics - 
Stanford University Medical Center 
Stanford, California 94305 














OB/GYN OPPORTUNITIES IN 
NORTH CAROLINA 


North Carolina needs board certified/ 
board eligible OB/GYNS to practice in 
modern, fully-equipped community health 
centers offering full spectrum of obstetri- 
cal services regardless of ability to pay. 
Federal or State funding with full-time ad- 
ministrators and local governing boards. 
Attractive compensation package avail- 
able. 


Call Joe Robbins or Judi Ashbaugh col- 
lect to discuss the advantages of living in 
North Carolina and our sensitive place- 
ment services. If your professional and 
personal needs match those of the com- 
munities, the State will subsidize your in- 
terview expenses. 


(919) 733-2040 


NORTH CAROLINA STATE OFFICE 
OF HEALTH RESOURCES 
DEVELOPMENT 


























SAN FRANCISCO BAY 
REGION 


Openings for 2 Ob-Gyns and 6th Maternal-Fetal 
Medicine Specialist in Silicone Valley. Consulta- 
tions, and teaching of 12 Ob-Gyn residents and 4 
interns. Malpractice liability insurance included in 
excellent fringe benefits. Patient care opportunities 
allow for individual’s emphasis and practice prefer- | 
ence. Excellent opportunities for clinical research. 


Consultations in-house and for community Ob-Gyn 
physicians. Daily rounds and conferences. 3,600 
deliveries per year. 45,000 clinic visits. 200 mater- 
nal transports and 500 regional consultations are 
associated with active outreach education pro- 
grams. Ultrasound in MFM. Excellent scope of gyn 
surgical complex pathology and ectopic pregnan- 
cies. Easy access to San Francisco, Santa Cruz, 
the mountains and the ocean. Especially attractive 
climate and location. 


California license. Salary negotiable. ABOG cer- 
tified or active candidate. SCVMC is an equal op- 
portunity employer. 


Send C.V. to Carol Skinner, Administrative Man- 
ager, Department of OB-GYN, Santa Clara Valley 
Medical Center, 751 Bascom Ave., San Jose, CA 
95128. Phone: (408) 299-6331. 
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SAN JOSE MEDICAL GROUP, INC. 
OB/GYN— NORTHERN CALIFORNIA 


Unigue ‘opportunity for BC/BE Ob/Gyn’ 


with focus on infertility to join area’s lead- 


ing multispecialty private group practice. - 


Generous salary, bonus ‘provision, and 
fringe benefit package; early membership 


in the corporation. Become .part of our . 
competitive, growing. organization. Ex- 


perience all the good things that living in 
the-Bay Area has to offer— wonderful res- 
taurants, beautiful scenery, great weath- 


er, cultural facilities, easy access to coast . 


and mountains. Send CV to Maureen For- 


rester, SAN JOSE MEDICAL GROUP, . 


INC., 45 S. t7th Street, San Jose, CA 
95112 (408)- -282- 7833. 


OBSTETRICIAN/GYNECOLOGIST 
KAISER PERMANENTE 


Kaiser Permanente’s Kansas City Region 


is experiencing continuous membership - 


growth and is seeking BC/BE OB-GYN 


Physicians. Our six medical offices are ` 
strategically located e as the ay: 


and we offer:. 


- Academic Affiliation With: Two Tertiary 
Care Hospitals | 

e Excellent Salaries/Benefits 

* Family Oriented Metropolitan Area 

* Fully Paid Malpractice Insurance 

* Scheduled Time Off 

¢ Student Loan Forgiveness Program 

* Tail Coverage Allowance For Physi- 
cians Currently In Practice 


Send CV or call Larry V. McDonald, M.D., 
6900 Squibb Road, Suite 200, Shawnee 


‘Mission, KS 66202, (913) 722-8418. 





















OBSTETRICS/GYNECOLOGY 


' . The Department of Obstetrics and 
-Gynecology of Metropolitan Hospital- | 


New York Medical College is seeking 
full-time. BC/BE faculty for the follow- ` 
ing positions: Director of Ambulatory 


. OB/GYN, Director of Gynecology, and . 
~. General Obstetrician-Gynecologist. 


Unique opportunities exist for qualified 


individuals dedicated to patient care 


and resident/medical student educa- 
tion. Competitive salaries and aca- 


_demic rank commensurate with train- 
- ing experience. Send curriculum vitae 


to Sari J. Kaminsky, M.D., Chief, Dept. 


. Of OB/GYN, New York Medical Col- 


lege, 1901 First Avenue, Bronx, NY | 
10029. E.E.0. M/F 





“OB/GYN: 





- Beautiful Oregon Coast; 21 
~ physician multispecialty group 
. with three OB/GYN MD’s and 


one certified nurse midwife look- 
ing for another BC/BE OB/GYN 


- MD to join state of art facility. 
_In-house Day Surgery Center 


with laser. Great potential and: — 
life-style. Contact Marce Knight 


` at 1-800-234-1231 or 503-267- 


5151. 













PENNSYLVANIA HOSPITAL 
MATERNAL-FETAL 
MEDICINE FELLOWSHIP 

The accredited fellowship in Maternal-Fetal 
Medicine of the Pennsylvania Hospital is seeking 
applicants for a position as a first year fellow begin- 
ning July 1991. The fellowship is a 2 year clinical 





arid research-oriented program. Clinical services ` 


are based at Pennsylvania Hospital, a Level Ill 
referral center with a staff of 8 perinatologists who 
operate a large network of antenatal testing units, 
including genetics services and invasive ultraso- 
nography. The position includes an academic ap- 
pointment in Obstetrics and Gynecology at the Uni- 
versity of Pennsylvania.. An optional accredited 
three year program in Maternal-Fetal Medicine and 
Human Genetics is also available. Applicants must 
have completed an approved four year residency 
program in Obstetrics and Gynecology. For more 
information please write to: 
Ronald J. Bolognese, M.D. 
Chairman, Dept. of Obstetrics and Gynecology 
Pennsylvania Hospital 
8th & Spruce Sts. 
Philadelphia, PA 19107 
Deadline for applications is May 15, 1990. 
Pennsylvania Hospital is an affiliate of 
The University of Pennsylvania 
and is an affirmative action/ 
equal opportunity employer. 


FACULTY POSITION 
OB-GYN GENERALIST 


The Department of Obstetrics, Gynecology, and Repro- 
ductive Sciences at the University of Texas Health Sci- 
ence Center at Houston, Texas, is seeking a board eligi- 
ble/certified General Ob/Gyn physician. The Department 
is rapidly expanding with the addition of the Lyndon 
Baines Johnson General Hospital. The LBJ is a new, 
tertiary hospital with state-of-the-art facilities, an 
estimated 8,000 deliveries per year; and an approved 
Ob/Gyn Residency Program. An excellent opportunity 
exists for research, residency supervision, and student 
teaching. 

Financial remuneration is competitive and commensu- 
rate with experience, credentials, and rank. There is an 
excellent fringe benefit package. 


Send curriculum vitae or contact: 


Robert K. Creasy, M.D., Chairman 
Jorge D. Blanco, M.D., Vice Chairman 
Department of Obstetrics, Gynecology 
and Reproductive Sciences 
University of Texas Health Science Center at Houston 
_ 6431 Fannin/MSB 3.204 
Houston, Texas 77030 
(713) 792-5360 
THE UNIVERSITY OF TEXAS HEALTH SCIENCE CENTER’ AT 


HOUSTON IS AN EQUAL OPPORTUNITY EMPLOYER. WOMEN 
AND MINORITIES ARE ENCOURAGED TO APPLY. 

















CHAIRMAN, DEPARTMENT 
` OF OBSTETRICS AND 
GYNECOLOGY 


The University of Pittsburgh School of 
Medicine is conducting a search for the 
Chair of the Department of Obstetrics and 
Gynecology .and Chief of Service at 
Magee Womens Hospital of Pittsburgh. 
Candidates should have achieved na- 
tional recognition for research and 


_should have a demonstrated commit- 
<- ment to patient care and education. Ex- 


tensive experience in administration is 
desirable. Applications and nominations, 
including a curriculum vitae, should be 
sent by April 1, 1990 to: Richard L. Sim- 
mons, M.D., Chair, Search Committee for 
Chair of OB/GYN, University of Pittsburgh 
School of Medicine, 497 Scaife Hall, 
Pittsburgh, PA 15261. 


The University of Pittsburgh is an Equal 
Opportunity/Affirmative Action Employer. 
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NEW JERSEY 


St. Joseph's Hospitala 
Northern New Jersey’s R in 
Center, is seeking 2 full-time general obstetricians, 
a second endocrinologist and third perinatologist 
to join our seven member full-time faculty. _ 

Our rapidly expanding program has facilities for 
clinical and laboratory research, as well as private 
practice. - 

- St. Joseph's is a 701-bed medical center located 

near Manhattan and is affiliated with the NJ 

Medical Schoo! and Seton Hall University School 

of Graduate Medical Education. Qualified 

candidates are invited to send their C.V. to: 

Peter Beaugard, M.D., Chairman, OB/GYN, 
: (201) 977-2034. 


Hoy St. Joseph’s Hospital 


& Medical Center _ 


A, - 703 Main Street 
eomm Paterson, New Jersey 07503 


We are an equal opportunity employer M/F/H/V. 
“Dedicated to a Smoke-Free Environment” 
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~-OBSTETRICIAN- 

_ GYNECOLOGIST 
29 member multispecialty clinic seeking 
BC/BE physician to join two member de- 
partment. Office ultrasound and colpos- 
copy available. Over 900 births a year. 


North Country Hospital is a 90 bed secon- 
dary care center. 


Bemidji, MN is a college community of 
15,000 located in the beautiful lakes and . 
_ trees area.of northern Minnesota. Year . 


round recreational activities.. 


Excellent compensation package avail- 
able. Respond to Mr. Chuck Lowery, Ad- 
ministrator, Bemidji Clinic-MeritCare 
1233 34th St. NW, Bemidji, MN 56601 or 
call 218- 751- 1280. 


ce Bemidji i: 


MeritCare 

















-FACULTY POSITION 


Hennepin County Medical Center and the ` 


University of Minnesota seek a faculty 
member to teach and conduct research 
in general Obstetrics and Gynecology. 
Candidates must have 6 years post 


graduate M.D. and be Board-Qualified to . 


be considered at the Assistant Professor 


level. This position is a renewable, non- 


tenured appointment. 
Send inquiries to: 
Stephen H. Gruiesnante M.D. 


Chief of Obstetrics and Gynecology m 


Hennepin County Medical Center 
701 Park Avenue South 
Minneapolis, Minnesota 55415 


_ Hennepin County Medical Center and the 
University of Minnesota are equal oppor- 
tunity employers and specifically invite 
and encourage applications from women 
and minorities. 
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r e 
Life. 
It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 
_ Without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 
doctors from the financial baggage of the private pree: 
tioner, i 


' Group Health Plan isn't for every physician. Just for those 
few who want to practice medicine without. compromise. 


For an interview please talk with the Medical Recruiter at 
(314) 998-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 63141. An equal opportunity 
employer: a ; 


GROUP HEALTH PLAN 


















FACULTY POSITION 
_ MATERNAL-FETAL MEDICINE 


The Department of Obstetrics, Gynecology, and Repro- 

. ductive Sciences at the University of Texas Health Science ` 
Center at Houston, Texas, is seeking a board eligible/cer- 

~ tified Maternal Fetal Medicine physician. The Department 

is rapidly expanding with the addition of the Lyndon 
Baines Johnson General Hospital. The LBJ is a new, 
tertiary hospital with state-of-the-art facilities, an esti- 
mated 8,000 deliveries per year, and an approved Ob/Gyn ` 
Residency Program. An excellent opportunity exists for 
research, residency supervision, and student teaching. 
Financial remuneration is competitive and commensurate 
with experience, credentials, and rank. There is an excel- 
lent fringe benefit package. 
Send curriculum vitae or contact: 


Robert K. Creasy, M.D., Chairman 
Jorge D. Blanco, M.D., Vice Chairman 
Valerie M.. Parisi, M.D., Division Director 
Department of Obstetrics, Gynecology 
and Reproductive Sciences . 
University of Texas Health Science Center at Houston 
_ 6431 Fannin/MSB 3.204 
Houston, Texas 77030 
(713) 792-5360- 





























THE UNIVERSITY OF TEXAS HEALTH SCIENCE CENTER AT 
HOUSTON IS AN EQUAL OPPORTUNITY EMPLOYER. WOMEN 
AND MINORITIES ARE ENCOURAGED TO APPLY. 










OBSTETRICIAN-GYNECOLOGIST 
KALAMAZOO, MICHIGAN 


A practice opportunity is available for a board elig- 
ible/board certified OB/GYN to join a well-estab- 
lished, progressive private practice pr oup of 4. Com- 
petitive aan is being offered as well as paid malprac- 
tice, health, life and disability insurance with eligibi- 
lity for partnership after 1 year. 


Bronson Methodist Hospital, a 465 bed tertiary care 
facility for southwestern Michigan, has a500 member 
medical staff which includes 25 obstetrician/gyn- 
ecologists, 6 neonatologists and 2 perinatologists. An 
average of 3,200 deliveries are performed every year. 


Kalamazoo, located midway between Chicago and 
Detroit, offers diverse cultural opportunities. Lake 
Michigan’s sandy beaches and dunes are only minutes 
away and numerous lakes, hills and forests provide 
boundless recreational activities. Excellent schools, 
several colleges and a major university further contri- 
bute to a high quality life style. 


For more information, in confidence and no cost or 
obligation, respond with curriculum vitae or call: 


Debra C. Hartman 
Bronson Management Services 


EIBRONSON Corporation 


210 East Vine St. 
Kalamazoo, MI 49001 
(800) 594-9022 or (616) 344-6444 

































Central Minnesota 
Group Health Plan 


OB/GYN 


Rapidly growing, innovative primary care 
clinic has openings for two board eligible/cer- 
tified OB/GYN physicians. New clinic facility 

- in the fastest growing urban area in Minne- 
sota. St. Cloud is a community of 45,000 lo- 
cated on the upper Mississippi River 70 miles 
from Mpls./St. Paul. Be close to lakes, ski 
areas and excellent schools, including three 
universities. Join a supportive primary care 
staff and receive competitive salary, outstand- 

ing benefits, liberal vacation and educational 

leave, malpractice coverage, etc. Contact 

Physician Services, Central Minnesota Group 

Health Plan, 1245 15th Street North, 

St. Cloud, MN 56303. 612/253-5220. EOE. 




















































WANTED! 


OBSTETRICIAN/GYNECOLOGIST 


For private practice and small group practice 

opportunities. 

— JCAH accredited community hospital in 
beautiful Sacramento, California seeks 
BE/BC OB/GYN to’fill a number of practice 
opportunities. 

— Extremely attractive assistance and relo- 
cation package available including: mal- 
practice coverage, marketing assistance, 
moving expenses, and a one-time recruit- 
ment bonus. 

— The Sacramento area is one of America’s 
fastest growing communities. The income 
potential for OB/GYN physicians is OUT- 
STANDING! 

For further information, please write or call: 
AMERICAN RIVER HOSPITAL 
Physician Services Department, 

c/o Larry Furia 
3609 Mission Avenue, Suite E, 
Carmichael, CA 95608 
(916) 486-2261 


THIRD WORLD CONFERENCE ON 
FALLOPPIAN TUBE IN HEALTH 
AND DISEASE 
Kiel, West Germany 
July 3-6, 1990 


Program Committee Chairman: Profes- 
sor Kurt Semm; West Germany. 
Scientist (M.D. and Ph.D.) are invited to 
submit related scientific papers for possi- 
ble inclusion in the final program. 
Deadlines: January 15, 1990 Submis- 
sion of Abstract by Title. 
March 12, 1990 Submission 
of Expanded Abstract. 
April 30, 1990 Final Program. 


For further information and submission of 
abstract, please contact: 


Professor Kurt Semm 
Department of Obstetrics 
and Gynecology 
University of Kiel and 
Michaelis Midwifery School 
MichaelisstraBe 16, D-2300 Kiel 1, 
West Germany 
Tel.: 0-431/597-2053 























WORCESTER, 
MASSACHUSETTS 


OB/GYN ASSOCIATE 
BE/BC 


Join Established Busy 2 Doctor Group Af- 
filiated With Major Teaching Hospital/ 
Urban to Rural Lifestyle With Excellent 
Educational Systems. 


EXCELLENT COMPENSATION PACK- 
AGE INCLUDES: 

e Salary 

e Malpractice 

+ Paid CME & Vacation 

* Relocation Expenses 

* And Much More 


Send Or Fax CV To: 


Judy Goodney 
Director of Professional Relations 


100 Front Street, Suite 300 
Worcester, MA 01608 `- 
(508) 798-8667 FAX (508) 798-3069 


PERINATOLOGIST 


Mount Auburn Hospital, a Harvard Medi- 
cal School affiliated hospital in Cam- 
bridge, Massachusetts, seeks board eligi- 
ble perinatologist to join an established 
group. This is a new position with excel- 
lent potential for development in collab- 
oration with Massachusetts General Hos- 
pital and other hospitals. A new obstetri- 
cal unit and level II nursery will be ready 
in the Spring of 1990. We offer a competi- 
tive salary and benefits. Appropriate clin- 
ical appointment at Harvard Medical 
School is available. We are an equal op- 
portunity employer. 
Send letter and c.v. to: 

Martin B. Wingate, M.D., Chairman 

Department of Obstetrics 

and Gynecology: 

Mount Auburn Hospital 

330 Mount Auburn Street: 

Cambridge, MA 02238 
(617) 499-5161 
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Central Massachusetts Health Care, Inc. - 





OB/GYN 


Well established multi-specialty prepaid group 
practice seeks BC/BE OB/GYN physicians for 
two of our SUBURBAN BOSTON health cen- 
ters. Reasonable work and coverage sched- 
ules. Attractive well-equipped facilities located 
within reasonable distance of ski resorts, 
beaches, and academic and cultural centers. 
Excellent compensation and fringe benefits 
package including full malpractice coverage. 
Send C.V. to Director of Professional Human 
Resources, Medical East Community Health 
Plan, One Worcester Road, Framingham, 
MA 01701; or call collect (508) 879-0077. 


Community Health Plan 
a) A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity/affirmative action employer 
















































Outstanding opportunity for BC/BE Ob-Gyn 
physician to join a busy general Ob-Gyn prac- 
tice in rural Vermont. Association with board 
certified Ob-Gyn. Employment through Hitch- | 
cock Clinic offers guaranteed income, benefits 
and faculty appointment at Dartmouth Medi- 
cal School. Randolph, Vermont is centrally lo- 
cated to most of Vermont’s major ski areas, but 
off the tourist track. Convenient to Boston and 
Montreal. Many practice and lifestyle advan- 
tages other practice opportunities cannot 
provide. 
























For information contact: Brent Burgee, 
M.D., Hitchcock Associates of Randolph/ [| 
Ob-Gyn, 1 Maple Street, Randolph, Vermont 
05060; (802) 728-4431. 


An equal opportunity/ 
affirmative action employer 





















‘Take over established OB/GYN 
practice and share call with two 





community 30 miles north of Or- 
lando. 188-bed hospital currently 
working with doctors in town to 


-to handle volume in their newly- 
renovated women’s center. 
Community surrounded by 


sports is a part of your lifestyle. 


tural and recreational amenities 
- and Disney World. Contact Skip 
Breeser, Jackson: and Coker, 
115 Perimeter Center Place, 
Suite 380 AOBGO, Atlanta, GA 
30346, Tel. 1-800-544-1987 or 
1-800-333-9309. 






OB/GYN 
WANTED: Obstetrician/Gyne- 
cologist, Board.Certified or eligi- 






member OB/GYN Department in 
_ 22 member multi-specialty group 
practice in the Lakes Region of 
central N.H. Position offers an 
outstanding professional,.finan- 
cial, and life-style opportunity. 
Respond with C.V. to. Alan 


Main Street, Laconia, NH 03246. 


OB/GYN’s in Central Florida 


increase OB/GYN staff available . 


lakes. Great place to live if water 


Orlando offers tremendous cul- — 


‘ble physician to join existing 3 - 


Awrich,M.D.,Laconia Clinic, 724 © 








SPECIAL DELIVERIES. 
SPECIAL CHALLENGES. 


. "The Southern California Permanente Medical Group invites 
you to join a unique prepaid health care program. Our 
multispecialty group practice is'a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life in- 
surance and retirement. plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please call or write to: William ‘ 
G. McCormick, M.D., Physician Recruitment, Dept. 006, 
Walnut Center, Pasadena, CA 91188-8013. (714) 829-5365. 


Equal aye Employer M/F/H 
N 6 


in’ 


"KAISER PERMANENTE ` 
Good People. Good Medicine. 

























































AND CALL US IN THE MORNING 


Pick practice opportunities in the 20 states, 
from Florida to California, where Humana 
owns. hospitals. Group, associate and solo 

. opportunities are available in a variety of set- 
tings.. Here are a few to pick from: 





me Huntsville, AL 
North Alabama 
Dade City, FL 


Louisville, KY 
Somerset, KY 
New Orleans, LA 






South Florida Oakdale, LA 

St. Petersburg, FL ` Springhill, LA 
_Atlanta, GA area Chattanooga, IN 
Augusta, GA Houston, TX 
Kansas City, KS South Texas 
Lexington, KY Richmond, VA 


Louisa, KY . 





-To find out about these and other oppor- 
tunities; call TOLL-FREE 1-800-626-1590, or send 
your curriculum vitae to: Manager, Profes- 
sional Relations, Humana Inc., Dept. QQ-3, 500 
West Main Street, Louisville, KY 40201-1438. 


Jumana” 
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OBSTETRICIAN/ 
GYNECOLOGIST 


Mount Auburn Hospital, a Harvard Medical 
School affiliated hospital in Cambridge, Mas- 
sachusetts, seeks board eligible obstetrician/ 
gynecologists to join an established ob/gyn 
group. Skills in general ob/gyn, colposcopy, 
laparoscopy, urodynamics and laser surgery. 


are desirable. Interest in primary ob/gyn care, ` 


‘ teaching medical students, and collaborating 
with nurse practitioners and midwives is es- 
sential. A new obstetrical unit will be ready in 
the Spring of 1990. We offer a competitive 
salary and benefits. Appropriate clinical ap- 
pointment at Harvard Medical School is avail- 
able. We are an equal opportunity employer: 
Send letter and c.v. to: 

Martin B. Wingate, M.D., Chairman | 

Department of Obstetrics and Gynecology: 

Mount Auburn Hospital 

330 Mount Auburn Street 

Cambridge, MA 02238 

(617) 499-5161 


Full-Time and Part-Time Faculty 
Position, Instructor/Assistant 


Professor. Applicants must have | 


completed an accredited . resi- 
dency in Obstetrics & Gynecol- 
ogy and be eligible for Texas 
license. Applicants will partici- 


pate in the clinical care of women | 


at Parkland Memorial Hospital 
and Maternal Health and Family 
Planning patients. Interested 
persons send curriculum vitae 
to: F. Gary Cunningham, M.D., 
Professor and Chairman, De- 
partment Ob/Gyn, UT- South- 
western Medical Center at Dal- 
las, 5323 Harry Hines Bivd., Dal- 
las, Tx 75235-9032. . 


- An affirmative action/equal op- 


portunity employer. 













Practice in beautiful ithaca, NY 






All ofthe advantages and none of the head- 
aches of a solo practice! BC/BE OB/GYN 
needed for our new comprehensive Ob/Gyn 
Service. We have a reputation for quality care 
and excellent management. You'll be free to 
practice medicine without the pressures of 
administrative, personnel and financial wor- 
ries. Competitive salary, excellent benefits 
including malpractice, new facility. Beautiful 
Finger Lakes region, home of Cornell Univ. 
Begin Fall 1990. Send CV to Executive Direc- 
tor, Planned Parenthood of Tompkins County, 
314 W. State St., Ithaca, NY 14850. 


-Planned 
Parenthood’ 


of Tompkins County’ 











Opportunity for BC/BE OB/ 
-~ GYN Physician to establish prac- 
tice with an experienced certi- 
fied Nurse Midwife in an estab- 
lished and growing suburban 


community located in Delaware 
County, PA. 


Join the medical staff of a pro- 
gressive mid-sized community 
hospital. Forward resume to: 


__. B39, P.O. Box 506 
_ Philadelphia, PA 19105 


Equal Opportunity Employer 













OPPORTUNITY AVAILABLE 
DISPLAY ADVERTISING 


1989 Rates Per Insertion 
1/4 page 1/2 page 


1 time rate $550.00 $775.00 
3 time rate $545.00 $765.00 


CLOSING DATE: 10th of month preceding 
month of issue 


Forward ads to: 


THE AMERICAN JOURNAL OF 
OBSTETRICS AND GYNECOLOGY 

Journal Advertising Department 

The C.V. Mosby Company 

11830 Westline Industrial Drive 

St. Louis, MO 63146 

(314)-872-8370 


BA Mosby 


ATRADITION OF PUBLISHING EXCELLENCE 
Please call the Journal Advertising Department for 
advertising production charges (i.e. type, film from 
camera ready art.) 





PERINATOLOGIST 
NEEDED 
ALBUQUERQUE, NEW MEXICO 


Blooming Perinatal/Genetics practice 
now in need of third Perinatologist— 
BE/BC. Guaranteed starting salary 
and many fringe benefits. 


SEND CV TO: 


PERINATAL ASSOCIATES OF NEW 
MEXICO, LTD. 
201 CEDAR SE, SUITE 405 
ALBUQUERQUE, NM 87106 
1-505-764-9535 








PERINATOLOGIST 


Department of Obstetrics and Gynecology 
Hospital of the University of Pennsylvania 


The Department of Obstetrics and Gynecol- 
ogy at the Hospital of the University of 
Pennsylvania is seeking a full-time peri- 
natologist to join the Division of Maternal- 
Fetal Medicine. Applicants should be Board 
Certified or active candidates for certification 
in Obstetrics and Gynecology and Maternal- 
Fetal Medicine. Academic rank will be com- 
mensurate with experience and achieve- 
ments. Clinical care, research, and teaching 
commitment are essential. We are an affirma- 
tive action, equal opportunity employer. 
Address inquiry to: 
Arnold W. Cohen, M.D. 

Director, Obstetrics and 
Maternal-Fetal Medicine 
Associate Professor of Obstetrics 
and Gynecology 
Department of Obstetrics and Gynecology 
Hospital of the University of Pennsylvania 
3400 Spruce Street 
Philadelphia, PA 19104-4283 


o9 e 
KAISER PERMANENTE 


OBSTETRICIAN-GYNECOLOGIST: The 
Permanente Medical Group, Inc., of San 
Jose, California is looking for BC/BE physi- 
cians for immediate openings in the OB/GYN 
Department. Positions available either at the 
main facility in San Jose or at satellite medical 
offices in Gilroy. The young, dynamic Depart- 
ment is still growing and currently has nine- 
teen physicians and two nurse practitioners. 


Salary is competitive and includes full cover- 
age malpractice insurance and an outstand- 
ing benefits package. San Jose and Gilroy 
share excellent access to Bay area cultural 
and recreational activities. 


Please contact: 


Jerome L. Nehemiah, M.D. 
Chief 
Department of OB/GYN 
The Permanente Medical Group, Inc. 
260 International Circle 
San Jose, CA 95119 
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Type, 


4 Michael Reese Health Plan í 


ilata 


The Michael Reese Health Plan; a large 
well-established HMO ‘serving its members in 

20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- ` ~ 
fied / El ci e physicians in the Som 


Obstetrics 
Gynecology 


“Phyýstelans with, the Health: Plan SY a full- 
practice with modern facilities and equipment 
as well as opportunities for teaching. 













“OBSTETRICIAN 
GYNECOLOGIST 


Medical West is an expanding Western Massachusetts staff- 

model Health Maintenance Organization. Our multi-specialty 

group practice employes 70 full-time physicians and provides‘ 

care for a membership of approximately 70,000 patients in our 
- modern suburban facilities. Inpatient care is provided at a 900- 
~| bed Tufts affiliated teaching hospital. 


We're currently seeking a full-time, Board Certified/Board. 
Eligible. Obstetrician/Gynecologist to join our expert: staff of _ 
seven physicians and five midwives. f 


Attractive Pioneer Valley location with fine educational, 
_ cultural and recreational opportunities. Excellent salary 
and comprehensive benefit program. Please send curricu- 


lum vitae to: Oded Rencus, M.D., Chief of OB/GYN, 305 
Bicentennial Highway, Springfield, MA 01118.. 


“M edic — 
(3 eee Health Plan - 
vil g: BLUE CROSS & BLUE SHIELD HMO 


We are an equal AAEE action employer |}. 


-À highly- -competitive , salary and excellent ben- ` 
efits complement à rewarding’ practice and’ 
lifestyle. <, 
Interested pimi should address inquiries to: 
Scott P. Smith, M.D. l 
MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616. .— . 
òr call (312) 808-4551 - 








an equal opportunity employer mit/h wa 


Chairperson 


Department of 
Obstetrics and Gynecology 
Medical College of Ohio 



























The Medical College of Ohio invites nominations and ap- 
-plications for the position of Chairperson, Department of 
Obstetrics and Gynecology. Applicants must be board-cer- 
tified in obstetrics and gynecology and must be qualified for 
an academic appointment at the rank of Professor. Thisis an 
excellent professional opportunity for individuals with sub- 
stantial background and expertise in research, academic 
, leadership and clinical experience. The successful applicant 
will have the opportunity to expand research programs and 
_to administer a multi-faceted clinical and teaching program. 


` Applicants with curriculum vitae should be submitted to: 


Carl E. Hunt, M.D. 

Chairman, Department of Pediatrics 

Chairman see Ta a necbiog) Search Commice 
Medical College of Ohio. 

P.O. Box 10,008 

Toledo, Ohio 43699-0008 


The Medical College of Ohio is an affirmative action/eqial 
opportunity employer. 
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GREATER HOUSTON 


_There is an attractive Sporty to 
join an aggressive, well-established 
group of three board-certified OB/ 
GYN’s in the greater Houston area. 
Solo and associate opportunities 
also exist. 


For further information about this 
opportunity send your curriculum 
vitae to: Manager, Professional Rela- 
tions, Humana Inc., Dept. QQ-3A, 

-500 West Main Street, 

Louisville, KY 40204- 
4438. Or call TOLL- 
’ FREE 1-800-626- 
4590. . 






OBSTETRICIAN/GYNECOLOGIST 
Grand Rapids, Michigan 


Opportunities available for BE/BC OB/GYNs to either join 
well-established private practice group of 3 BC OB/GYNs and 
members of American Association of Pro Life OB/GYNs, or 
establish own group practice using this group as EEG ICE 
providing back-up coverage. 


s Close affiliation with Saint Mary’s Health Services, a 
330 bed acute care hospital with 2,726 deliveries, 24 
hour neonatology coverage, epidural service 

+ OB/GYN residency program through Michigan State 
University College of Human Medicine 

e Competitive salary and benefit package 


‘Grand Rapids, an “All-American City”, has a metro- 
politan population of 630,000. Residents enjoy a high 
quality life style: 


+ Sound economy, low unemployment, reasonable 
cost of living ' 

© æ Excellent schools 
e Theatre, art, symphony, opera, ballet 
e Lake Michigan is only 30 miles away; many inland 
lakes ; 
e Full spectrum of sporting activities 


e Outdoor recreation accentuated by Michigan’ s four 


seasons 


For more information call or send CV to: 
; - Debra C. Hartman 
. Management Services 
210 East Vine Street 
Kalamazoo, Michigan 49001 
(800) 594-9022 or (616) 344-6444 











‘GYNECOLOGIST 


l Gynecologist needed to fill a Service 


‘Chief position in a 57-bed Army Com- 
munity Hospital located near the beau- 

tiful Williamsburg/Hampton Roads Vir- 
ginia area. Practice gynecology only 
in an outpatient setting with a qualified 
paraprofessional, staff and access to 
modern O.R. suites. Excellent retire- 
ment benefits with no malpractice in- 
surance requirement. 


Interested applicants should address 
inquiries to: 
- Commander 
McDonald Army 
Community Hospital 
. ATTN: 
Colonel J. Howard Shegog, M.D. 
` Fort Eustis, Virginia 23604 
or call (804-878-5250/3600) 








. MATERNAL-FETAL POSITION 


Hennepin County Medical Center and the Uni- 
versity of Minnesota seek a faculty member 
in Perinatology. This person will teach and 
conduct research in Maternal-Fetal medicine. 
The candidate must be Board Certified in 
Obstetrics and Gynecology and be Board 
Eligible in Maternal-Fetal medicine to be con- 


` sidered at the Assistant/Associate Professor 


level. This position is a renewable, non-ten- 


ured appointment. 


Send inquiries to: 
` Stephen H. Cruikshank, M.D. 
- Chief of Obstetrics and Gynecology 
Hennepin County Medical Center 


701 Park Avenue South 
‘Minneapolis, Minnesota 55415 


Hennepin County Medical Center and the Uni- 


versity of Minnesota are equal opportunity 
employers and specifically invite and encour- 
age applications from women and minorities. 
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Opportunity Available secssercsseessreeerseresssesssnenseecaverarenesessenesesansaensmasnnsaneneeecaes 59A 


University of Pennsylvania 
Opportunity. Available ..eesscseressnessseccsssessissvenseossessrcaneeseenconeesee PEONO R AT 63A 


University of Pittsburgh School of Medicine 
Oppa I AVAE Saco a E 57A 


University of South Dakota School of Medicine 
Opportunity Available syes a oa aai ia 54A 


University of Texas Health Science Center at Houston 
Opportunity Available vsensceeessesereseresvecemorssreesetsseesnssccenccaneseracssoesneanneenss STA,SBA 


UT M.D. Anderson Cancer Center 
Opportunity Available sssiscseeseocvessrecnvsrnssescnrenseqesassescenseaceonesnseseeraneesenseeseensesseane 52A 


` UT Southwestern Medical Center at Dallas 


Opportunity Available .oscecsscescrssssesrccssrssssvecsesesauenereneeaesateseescasneesssevesaentace 54A,62A 


University of Utah School of Medicine p 
Opportunity Available .sosscssesosescescsnvsesnessssessnsconsveneossesessnescoreesvessaatssneeassersanesassanes 50A 


Vivigen Inc. 
AFP Screening siniseid nAi KN ia 13A 


West Pem Hospital 
Opportunity Available 





While every precaution is taken to insure accuracy, we cannot guarantee against the possibility of 
an occasional change or omission in the preparation of this index. 
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21- and 28-day regimens 


IRTHO-NOWUM 77. 


irethindrone/ethiny! estradiol! 


h white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyi estradiol. Each fight peach tablet 
itains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contams 1 mg noreth- 
rone and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients. 


PORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
vided with the product and therefore shouid not be used as the basis for prescribing the product. 
x summary was prepared by deleting from the complete prescribing information certain text, tables 

references. The physician should be thoroughly familiar with the complete prescribing information 
ore prescribing the product. 


‘CATIONS AND USAGE: PREVENTION OF PREGNANCY. 

NTRAINDICATIONS: Oral contraceptives shouid not be used in women who currently have the following 
ditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophie- 
3 or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
zinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
t neoplasia. 6. Undiagnosed abnormat genitai bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
1 prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


tigarette smoking increases the risk of serious cardiovascular side effects trom oral contracep- 
ive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
® quite marked in women over 35 years of age. Women who use oral contraceptives should be 
erongly advised not to smoke. 








use of oral contraceptives is associated with increased risks of several serious conditions including 
scardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
xof serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
nypertension, hyperlipidemias, obesity and diabetes. Practitic..2rs prescribing oral contraceptives 
ld be familiar with the following information relating to these risks. The information contained in this 
# summary is principally based on studies carried out in patients who used oral contraceptives with 
ner formulations of estrogens and progestogens than those in common use today. The effect of long 
3 use of the oral contraceptives with tower formulations of both estrogens and progestogens remains 
ye determined. Throughout this brief summary epidemiological studies reported are of two types 
aaspective or case control studies and prospective or cohort studies. Case contro! studies provide a 
asure of the relative risk of a disease, namely a ratio of the incidence of a disease among ora! contra- 
sive users to that among nonusers. The relative risk does not provide information on the actual clinical 
wrrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
uncidence of disease between oral contraceptive users and nonusers. The attributable risk does pro 
information about the actual occurrence of a disease in the population. For further information, the 
ver is referred to a text on epigemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
SULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
aciated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
actors for coronary artery disease such as hypertension. hypercholesterciemia, morbid obesity, and 
tetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
x. The risk is very iow under the age of 30. Smoking in combination with oral contraceptive use has 
a shown to contribute substantially to the incidence of myocardial infarctions in women in their 
thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
circulatory disease have been shown to increase substantially in smokers, especially in those 35 
:S of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
sts of well-known risk factors, such as hypertension, diabetes. hyperlipidemias, age and obesity. In 
acular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
w estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
ad pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
ciated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
nen with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
and thrombotic disease associated with the use of oral contraceptives is well established. Case 
rol studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
‘wrficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism. and 1.5 to 6 for 
wen with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
yve risk to be somewhat tower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
can, The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
jand disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
nboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
wus thrombosis in women who have predisposing conditions is twice that of women without such 
cal conditions. ff feasible, oral contraceptives should be discontinued at least four weeks prior to and 
iwo weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
ag and following prolonged immobilization. Since the immediate postpartum period is also associated 
an increased risk of thromboembolism, oral contraceptives shouid be started no earlier than four 
s after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
have been shown to increase both the reiative and attributable risks of cerebrovascular events 
“mbotic and hemorrhagic strokes). although, in general, the risk is greatest among older {>35 years). 
tensive women who aiso smoke. Hypertension was found to be a risk factor for both users and 
asers, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
lative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
rs who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives. 76 for 
rs who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
gon. The attributable risk is also greater in older women. d. Dose-reiated risk of vascular disease from 
wcontraceptives. A positive association has been observed between the amount of estrogen and 
mstogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
steins (HDL) has been reported with many progestational agents. A decline in serum high density 
ioteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
šen doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
jactivity and amount of both hormones shouid be considered in the choice of an oral contraceptive 
inizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
sticular estrogen/progestogen combination. the dosage regimen prescribed should be one which 
ns the least amount of estrogen and progestogen that is compatibie with a low failure rate and the 
tw of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease There are two 
es which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. ina 
in the United States, the risk of developing myocardiat infarction after discontinuing oral contracep- 
persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
years, but this increased risk was not demonstrated in other age groups. In another study in Great 
ain, the risk of developing cerebrovascular disease persisted for at east 6 years after discontinuation 
jal contraceptives, although excess risk was very small. However. both studies were performed with 
ontraceptive formulations containing 50. micrograms or higher of estrogens. 2. ESTIMATES OF 
ALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
ted the mortality rate associated with different methods of contraception at different ages. These 
tes include the combined risk of death associated with contraceptive methods plus the risk attribu- 
o pregnancy in the event of method failure. Each method of contraception has its specific benefits 
»sks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
O and older who do not smoke, mortality associated with all methods of birth control is low and 
& that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
‘al contraceptives have a significant increase in mortality higher than those using other methods of 
sontrol These facts must be weighed in conjunction with failure rates for other methods and the risk 
jated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
niological studies have been performed on the incidence of breast. endometrial, ovarian and cervical 

f in women using oral contraceptives. While there are conflicting reports most studies suggest that 
“oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Studies have reported an increased relative risk of developing breast cancer. particularly at a 
{er age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors. 4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use. although the inc: 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users. a risk that increases after four or more years of use especially 
with oral contraceptives of higher dose. Rupture of benign. hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However. these cancers are rare in the 
US. and the attributable risk (the excess incidence} of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of orai contraceptives. Oral contraceptives should be d nued 
there ts unexplained partial or complete loss of vision: onset of proptesis or diplopia, papi ma, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used orai contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two conse 
pregnancy should be ruled out before continuing oral contraceptive use. if the patient has not 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the firs 
period. Oral contraceptive use should be discontinued unti! pregnancy is ruled out. ? GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surge: sers of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recer 
minimal risk may be related to the use ot oral contraceptive formulations containing lower } 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS Oral < 
Ceptives have been shown to cause a decrease in glucose tolerance in a significant perce 
This effect has been shown to be directly related to estrogen dose. Progestogens increas: secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. B 
these demonstrated effects prediabetic and diabetic women in particular should be carefully m 
while taking oral contraceptives. A small proportion of women will have persistent hypertnig 
while on the pill. As discussed earlier (see WARNINGS ta and id), changes in serum tngiycendes and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives. and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method at contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely andat significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 










































blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 





discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. It pathology has been excluded, time or a change to another 
formulation may solve the problem. in the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pili amenorrhea or oligomenorrhea. especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in cantracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives, These physical examinations should :nctude special 
reference to blood pressure, breasts, abdomen and pelvic organs. including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate 
diagnostic measures should be conducted to rule out malignancy Women with a strong famuly history of 
breast cancer or who have breast nodules should be monitored with particular care 2 LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control ot hyperhpidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, t 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with im 
function.4 FLUID RETENTION. Oral contraceptives may cause some degree of fluid retantion They 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased inci 
breakthrough bleeding and menstrual irregularities have been associated with concomitant y 
pin. A similar association, though iess marked. has been suggested with barbiturates, phenylbutazone 
phenytoin sodium, and possibly with griseofulvin, ampicilin and tetracyclines. 8 IN CTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and biood compone 
by oral contraceptives: a. Increased prothrombin and factors Vil Vill, IX, and X; decreased antit 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globuli 
ing to increased citcutating total thyroid hormone, as measured by protein-bound sodine 
column or by radio-tmmunoassay. Free T3 resin uptake is decreased. reflecting the elevat: G. free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globuli 
increased and result in elevated levels of total virculating sex steroids and corticoids. howe 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucos e may be 
decreased. g. Serum folate levels may be depressed by ora! contraceptive therapy, T clinical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9. CARCING- 
GENESIS. See WARNINGS section 10. PREGNANCY Pregnancy Category X CA 

WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oraf contraceptive steroids 
identified in the milk of nursing mothers and a few adverse effects on the child have beer 
including jaundice and breast enlargement. In addition, oral contraceptives given in the gostpar 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possibi ng 
mother should be advised not to use oral contraceptives but to use other forms of contraceptio she 
has completely weaned her child. INFORMATION FOR THE PATIENT. See Patient Package insert. 
ADVERSE REACTIONS: An increased nisk of the following serious adverse reactions has been € 
with the use of oral contraceptives (see WARNINGS section} Thrombophiebitis and veng: 
with or without embolism. Arterial thromboembolism. Pulmonary embolism Myocardia 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease Hepatic adenomas 
liver tumors. The following adverse reactions have been reported in patients receiving ora! contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastromtestinai symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast ch der- 
Ness, enlargement, secretion. Change in weight (increase or decrease). Change in cervi 
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secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaungi Migraine 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal cand: Change in 
corneal curvature (steepening). intolerance to contact lenses The following adverse nave t 


reported in users of arai contraceptives and the association has been neither con 
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contraceptives by young children. Overdosage may cause nausea and withdrawal bleedin 
females. 


ORTHO PHARMACEUTICAL CORPORATION 
Raritan, NJ 08869-0602 





k 
‘ot 









“Low breakthrough bleedingt 





Please see = ; n 

Preg a eanais i aad Low-impact norethindre à 
We = 

Information, iit ‘no significant c r 

a brief sum — i Oe ir ee 7 

of which rs ied a 


© OPC 1989 
OJ-709R 
















© MOSBY-YEAR BOOK, INC. 





April 1990 


volume 162, number 4 








Copyright © 1990 by Mosby-Year Book, Inc. 


Editor in Chief 
JOHN I. BREWER 


Editors 
FREDERICK P. ZUSPAN * E. J. QUILLIGAN 


Associate Editor 
ALBERT B. GERBIE s 


Official Publication 


AMERICAN GYNECOLOGICAL AND OBSTETRICAL SOCIETY 
CENTRAL ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
SOUTH ATLANTIC ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
PACIFIC COAST OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

AMERICAN BOARD OF OBSTETRICS AND GYNECOLOGY 

SOCIETY FOR GYNECOLOGIC INVESTIGATION 
SOCIETY OF PERINATAL OBSTETRICIANS 





Published by 


St. Louis, Missouri 63146-3318 ee 









Scanning electron micrograph 
(x 3300) of Candida albicans 
grown for 48 hours on agar. 







Scanning electron micrograph 
(x 3300) of Candida albicans 
on agar plate with butocona- i 
zole nitrate. ne 






Cure” with 3-day* therapy 

@ Microbiological cure rates in 95% of patients eight days following 
Femstat three-day therapy.’ 

Broad spectrum of activity 

@ Clinically effective against Candida albicans and other Candida 
species, including Candida tropicalis. 

Broad margin of safety 

w A low incidence of reported adverse reactions? 

w NOT a triazole/NOT associated with flu-like symptoms. 


mw Proven safe and effective for use in pregnant patientst (second 
and third trimesters only). 


Cree 3 prefilled disposable applicators 


eA Reduces risk of reinfection and ensures 
unit-dose accuracy. 


Rese and third trimesters only), therapy should be extended to 
Please see bnef summary of prescribing fa ri ‘on page onna te this advertisement. 
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(butoconazole nitrate) SEMs S 


(0 day‘ victory over ‘S| SYNTEX | 
vulvovaginal candidiasis ERA 
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BRIEF SUMMARY 






INDICATIONS: FEMSTAT® (butoconazole nitrate) 
vaginal cream 2% is indicated for local treat- 
ment of vulvovaginal mycotic infections caused 
by Candida species, Confirm the diagnosis by 
KOH smears and/or cultures. FEMSTAT can be 
used with oral contraceptives and antibiotics. It 
is effective in non-pregnant women and during 
the second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is contraindi- 
cated in patients hypersensitive to any of the 
ingredients 


PRECAUTIONS: General: If clinical symptoms 
persist, repeat microbiological tests to rule out 
other pathogens and confirm the diagnosis 
Discontinue drug if sensitization of irritation 
occurs 


Information for the Patient: Do not discontinue 
prematurely during menstruation or because 
of symptomatic relief 


Carcinogenesis: Animal studies have not 
been done. 


Mutagenesis: Mutagenicity studies were 
negative 


impairment of Fertility: Animal studies showed 
no impairment of fertility. 


Pregnancy Category C: Adverse effects were 
noted in animals treated with high oral doses. 
No studies were done in women during first 
trimester. Patients in the second or third 
trimester have shown no adverse effects 
attributable to the drug 


Nursing Mothers: Use with caution 


Pediatric Use: Safety and efficacy have not 
been established, 


ADVERSE REACTIONS: Vulvar/vagina! burning 
in 2.3% of patients, vulvar itching in 0.9%, 
discharge, soreness, swelling, itching of fin- 
gers each in 0.2%. Compiaints caused 1.6% 
to discontinue drug. 


DOSAGE AND ADMINISTRATION: Non-preg- 
nant Patients: The recommended dose is one 
applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days. 
Treatment can be extended for an additional 
three days if necessary. 


Pregnant Patients (second and third trimesters 
only): The recommended dose is one applica- 
torful of cream {approximately 5 grams} 
intravaginally at bedtime for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription 


SYNTEX LABORATORIES INC 
PALO ALTO DA 94304 








- NEW 2nd EDITION! 


















ZUSPAN AND QUILLIGAN'S 
MANUAL OF 
OBSTETRICS AND GYNECOLOGY 


Edited by Jay D. Iams, M.D.; Frederick P. Zuspan, M.D.; 
and Edward J. Quilligan, M.D.; with 27 contributors. 










Completely updated and revised, this new edition features 
coverage of both gynecology and obstetrics to reflect the 
increased emphasis both in training and on Board exams, 
The new outline format and useful summary tables enhance 
ease of access to important material. Pharmacologic infor- 
mation is more specific, decreasing the need to refer to 
supplemental references. A concise, graphic/tabular format 
conveys a maximum amount of information in a minimum 
amount of space for rapid referral. Key features are: new 
review questions and answers following each chapter to 
reinforce key points and assist in Board-exam preparation; 
expanded coverage of breast feeding, contraception, in- 
creased and updated references, and much more; reflects the 
increased emphasis on gynecologic material in medical 
training and on Board exams; and a new outline format for 
easier access to information. 


January, 1990. Approx. 464 pages, 105 illustrations. 
(Book Code: 05476) About $24.95 (U.S.); $43.50 (Can.) 
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El Easy on your patient 


Minimal breakthrough bleeding and 
amenorrhea“ with TRIPHASIL’ have been 
confirmed in a study of over 4,000 women with 
70,000 cycles. The total incidence of BTB was 
4.5% with a dropout rate of only 1.1%.' The 
total incidence of amenorrhea was 1% 
with a dropout rate of only 0.3%.! 


And since your own experience may 
confirm the results of a recent survey,’ 
which showed that the majority (65%) 
of women with BTB or amenorrhea 
call their doctors, you'll find that 
this enviable record makes 
TRIPHASIL easy on your 
patience, too. 





Levonorgestrel and Æ ethinyl estradiol tablets—Triphasic regimen 
21- and 28-day regimens 


MINIMIZES 
BREAKTHROUGH BLEEDING 
AND AMENORRHEA 


*Serious as well as minor adverse reactions have been reported 
following the use of all oral contraceptives. 

See prescribing information. 

References: 

1. Woutersz TB, Korba VD: Int J Fertil 1988; 33:406-410. 

2. Data on file, Wyeth-Ayerst Laboratories. 


© 1989, Wyeth-Ayerst Laboratories. Please see brief summary on adjacent page 





4A 








MINIMIZES BREAKTHROUGH BLEEDING 
AND AMENORRHEA 
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indications and Usage — TRIPHASIL® is indicated for the prevention of pregnancy in women who elect to use oral 

coniracoptes (00 5) as a motoa ot cortzaceplion. 

Contraindications not be used in women with any of the following conditions: 1. Thrombophiebitis or 
deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral- 
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asa. This ak lactassse wiii sgo and vatt smoking (15 or more cigarettes per day) and 
ee years of age. who use orai contraceptives should be 


strongly advised sot to smoke. 

The use of oral contraceptives is associated with increased risk of several serious Conditions, including thrombo- 
amann s stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners pre- 
oral contraceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 


venous thromboembolism hemorrhagic and 

thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 
CEREBROVASCULAR DISORDERS ~ in a collaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, aE We veh of Nrg coil ans 20 ween DUAN H NSIS 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION (Mil) An increased risk of Mi associated with the use of OC's has been reported, con- 

. These studies, conducted in the UK, found, as expected, that the greater 


i major predisposing 

fhe afa 0O DACE A8 KEN 1o DENS ty peiledine anteaters OC users who are aiso smokers 
have about a S-fold increased risk of fatal MI compared to users who do not smoke, but about a 10- to 12-fold 
increased tisk compared to nonusers who do not smoke. Furthermore, amount of smoking is aiso an important factor 
in determining importance of these relative risks, however, baseline rates for various age groups must be given serious 
consideration, Conditions mentioned above in determining relative and absolute 
risks has not as yet been quantified, quite likely the same synergistic action exists, but perhaps to a lesser extent. 


RISK OF DOSE — in an analysis of data derived from several national adverse-reaction reporting systems, 

concluded of ism, i coronary thrombosis, is directly related to dose of 
estrogen in OC's. Preparations ing 100 meg oF more of were associated with higher risk 

ism than ini meg. T suggest, however, that quantity of estrogen may 
not be the sole factor involved. This finding has been confirmed in the U.S. 


the 

rasa of DC'S ary 0 ae , Smok j annually 
diseases for usa was estimare be 20 per 100000 ages 15-34- $/ 5/100.000; ages 35-44 — 33/ 
1000 ages 45-49- esa psbe ovr bane nasi ol poping Gration oue ang 

in 


include combined risk of contraceptive method {e.g., k 
risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effectiveness of method. 
Sm moon Ow 0 wt SOKE. Limest rat 250d wih condom o 


's in women over 40 who smoke. Lowest 
thromboembolic disease associated with OC's 


PERSISTENCE OF RISK OF VASCULAR DISORDERS — Finding kom ono sêxiy in Briain i cerebrovascular 
these Condens fuses ol OC's pais 


elevated in former OC 
users for at wast 6 years after 
women 40 to 49 years old who had used OC's for 5 or more years, Findings in both studies require confirmation since 
with other information. 


ina had nari ocular kibions Such A5 ooie naoritis or retinal anne 
Sudden or gradual, partial or complete oss of 
lesions, and institute appropriate diagnostic and 


Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
increases frequency of carcinoma of the breast, cervix, vagina, and liver Certain synthetic progestagens, none currently 


endometrial carcinoma associated with prolonged 

use of exogenous estrogen in potimenopansai woer! One pucao reporied on tie Get 21 cas Submitad by 
phycicians 1o a repisiy of cases of Lefer oi e omenka in women under 40 on OC's. Of cases found 
women without predisposing risk factors (€.9., Rt pede a atthe time OC's were fst 
popes 00. These we no Ore raraton 
Conventional combination 


pepe 
only OC's. favara sadia have bund wo cate broad cancer D WOEN IAN 


8. Use in or inmate Preceding Pragano Binh Defects i Ofspring, ant Malgnancy in Female Osing = tse of 
both estrogenic and agents — during early pregnancy may seriously damage the 

utero t0 diethyistiibestrol, a nonsteroidal 
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to use OC's. Furthermore, 30 OG af Buch ovens wona Dee baon ere eee eae changes o! to 
Although these are benign, it is not known whether this condition is a 
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considerable that are ineffective for wel- 
controlled studies that progestogens are effective. There is some evidence that tripioidy and other types of 
polyploidy are increased abortuses from women who become pregnant soon after ceasing OC's. Embryos with 
these anomalies are virtually always Whether there is an overall increase el 
abortion of ies Conceived soon after stopping OC's is unknown. it is recommended that, for any patient who 
has missed 2 consecutive periods, pregnancy should be ruled out before continuing OC's. if the patient has not 
adhered to the prescribed the ifity of 
and further use of OC's should be withheld until pregnancy has been ruled out. H pregnancy is , the 
shouki be apprised of the potential risks to the fetus, and ity of jon of the shouid be 
discussed. It is aiso that OC's with intent of becoming pregnant use an 
altemate form of contraception for a period of time ing to ive, Many clinicians recommend 3 
months, although no precise i is on which to base this. The administration of progestogen-estrogen 
i bleeding fot be used as a test of 


isease ih users 0f OO 3 anl 


and total phospholipids have been in path 

performed wi tn OMe AAD aioe Coenen aie note excep a Sight net i 

anae vcs T sat Canal akpuicarce of fea Rings IOMAIN 1D to be defined 

8. Elevated Blood Pressure — increase in biood pressure has been reported in patients on OC's. in some women, 

reram sth n users and may i os hohe Poe OCs. kitho 18t year Cl usa, preaienoe of WOA anh 

tapentensin e in users and may be no higher than that of a comparable group of 

bry eu ane Sin year tuse S 272 0 es eed poled m De 
with development of hypertension in OC users. who previously have 


discontinuing the drug. 
migraine o development of headache of a new pattem which is recurrent, 
requires discontinuation of OC's and evaluation of the cause 


persistent, or severe, 

10. Bleeding ~ Breakthrough and amenorrhea are frequent reasons for patients 

discontinuing OC's. In breakthrough bleeding, as in all cases of iregular vaginal j, nonfunctional causes should 

be bome in mind. in oO bleeding from the , adequate 

measures are indicated to rule out ~ Hf pathology has been excluded, time or change to another 

OC may solve the problem. Changing to an OC with a higher estrogen content, while potentially in 
irregularity, should be done only if necessary since this may increase risk of 

Women with past history of oligomenortea or secondary or young women without cycles may have 

a tendency to remain anovulatory or to become amenomheic after discontinuing OC's. Women preexisting 

problems be advised of this inka ilo na methods. Post-use ion, possibly 

prolonged. may also occur in women without previous i i 
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organs, including Pap smear and relevant laboratory tests. As a general rule OC’ should not be prescribed 
loupe te | Som wince ANA pete Srne ant For SEAL ar ot 


uterine 
should be carefully observed and the drug discontinued if recurs 
while on OC's should stop OC's and use an altemate method to try to determine whether the 
of fluid retention. Caution, 


symptom is drug-related. 4. OC's may cause some They shouid be prescribed with 
aig ony win careful monitoring i with which might be aggravated by fluid retention, such as 
convulsive disorders, asthma, or or renal 5. with a past history of 
jaundice during pregnancy have an increased risk of recurrence while on OC's. if jaundice develops, OC's should be 
discontinued. 6. Steroid hormones may be poorly metabolized in patients with impaired and should be 
administered with caution. 7. OC users may have in normal ism which may result in a 
relative pyridoxine deficiency Clinical is undetermined. 8. Serum folate levels may be by 
OC's. Since the pregnant woman is of folate deficiency and incidence of folate 
increases with increasing gestation, it is possible that it a woman becomes after OC's, she 


platelet aggregabitity. c. increased thyroid-binding globulin : 
hormone, as measured by protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake 
is decreased, ceflocira hie iata TOG: fee T4 concentration is unaltered, d. Decreased pregnanediol excretion. 


Package Labeling. 
Drug efficacy and increased incidence of breakthrough bleeding have been associated with 
concomitant use of fan. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin 


Warnings. 

Adverse Reactions — An increased risk of these serious adverse reactions has been associated with use of OC's 
{see Warrings):thrombophiebits, pulmonary embolism, Coronary thrombosis, cerebral thrombosis, cerebral k 

. Gallbladder disease, benign hepatomas, anomalies. There is evidence of an association 
between the following conditions and use of OC's although additional confirmatory studies are needed: mesenteric 
thrombosis, neuro-ocular lesions, €g.. retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-related. Nausea 
‘and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients 
ering ahe st yoa, Oner actions. a3 a gane ria. ae Saeni moch less guanti or only 





may Cause nausea, 
Sood ine sale ea 
and Administration —For maximum 
. Hiphasil must be taken € as directed 
and at intervais not over 24 hours. (t Ti is first taken 
later than first day of first menstrual or 
postpartum, not be placed on it 
tal aner the fest 7 conpacaiive aves of use lity à 
Toae ad concepfion pri o initiation of medication WYETH: A CARING COMMITMENT 
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TRANSACTIONS OF THE EIGHTH ANNUAL MEETING OF THE 
AMERICAN GYNECOLOGICAL AND OBSTETRICAL SOCIETY 





Ethics and reproduction 879 
Professor Sir Malcolm Macnaughton, MD 
Glasgow, Scotland 


Heterogeneity of antigen expression in advanced epithelial ovarian 883 
cancer 


Andrew Berchuck, MD, George J. Olt, MD, Andrew P. Soisson, MD, Ahmed Kamel, MD, 

John T. Soper, MD, Cinda M. Boyer, PhD, Daniel L. Clarke-Pearson, MD, David S. Leslie, BA, 
and Robert C. Bast, Jr., MD 

Durham, North Carolina 


-Tumor-associated antigen expression is similar in the primary tumor and metastases of 
patients with advanced epithelial ovarian cancer. 


Cytokine-mediated regulation of ovarian function: Tumor necrosis factor a 889 
inhibits gonadotropin-supported progesterone accumulation by 
differentiating and luteinized murine granulosa cells 


Eli Y. Adashi, MD, Carol E. Resnick, BS, Jeffrey N. Packman, BA, Arye Hurwitz, MD, and 
Donna W. Payne, PhD 
Baltimore, Maryland 


Study of tumor necrosis factor a in follicular and luteal death revealed a potent inhibitory 
effect on gonadotropin-supported progesterone accumulation by differentiating and luteinized 
murine granulosa cells. 
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Antibiotic prophylaxis: Is there a difference? eS 9OO 
Sebastian Faro, MD, PhD, Mark G. Martens, MD, Hunter A. Hammill, MD, Gerry Riddle, MS, and 
Guillermo Tortolero, MD 

Houston, Texas 


Cefotetan, piperacillin, ampicillin, and cefazolin administered as a single dose for antibiotic 
prophylaxis were effective in reducing postpartum endometritis. 


Predictors of failed attempted abortion with the antiprogestin 910 
mifepristone (RU 486) 

David A. Grimes, MD, Leslie Bernstein, PhD, Maria Lacarra, RN, Donna Shoupe, MD, and 

Daniel R. Mishell, Jr., MD 

Los Angeles, California 


Women with large body mass appear to be at increased risk of failed attempted abortion with 
the antiprogestin mifepristone (RU 486). 


The abnormal fetal biophysical profile score. V. Predictive accuracy 918 
according to score composition 

F. A. Manning, MD, I. Morrison, MB, C. R. Harman, MD, and S. M. Menticoglou, MD 

Winnipeg, Manitoba, Canada 


Although high, the positive predictive accuracy of the abnormal biophysical profile score (<6) 
varies according to the test variable composition. 
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For Intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE i 
TREATMENT: CEFOTAN?® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

tract Infections caused by £ coli, la species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 


rettgeri, and Morganella morgani). 

Lower respiratory tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus (penicillinase- and non nicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiel a species {including eumoniae), and E coli. 

and skin structure infections caused by s aureus (penicillinase- and nonpenicil- 

finase-producing strains), Stapi s epidermidis, Streptococcus pyogenes and Streptococcus 

species (excluding enterococci), and E coli. è 

G Infections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
finase-producing strains), Staphylococcus epidermidis, Streptococcus species {excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding 8 distasonis, 
oi ovatus, B Chetaiotanimieroni). Fusobacterium species,” and gram-positive anaerobic cocci (including 

iptococcus and Peptostreptococcus species"). 
intra-abdominal infections caused by Pe coli, obsita species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 


8 th F 
Bone and infections caused by Staphylococcus aureus.* 
*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identity 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. , ner i 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 








(eg, 
urethral surgery, biliary tract surgery, ad jastrointestinal surgery). 
The prophylactic dose of CE! should be administered 30 to 60 minutes prior to surgery, In pa- 
tiens undergoing ee section, CEFOTAN should be administered intravenously after the clamping 
e Ui cord. 


CON S 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determina whether the 





patient has had reactions to c disodium, cephalosporins, 
penicillins, or pe should be given cautiously to penicillin-sensitive 
Antibiotics should be administered with caution to any who has demonstrated some form of 
allergy, particularly to if an allergic reaction to occurs, discontinue the drug. 
acute may romere opinephrine 
Psaudomembranous colitis has been reported with of cephalosporins (and other broad- 





antiblotics); therefore, It is important to consider its diagnosis In 
oe aaea Win antibio aoe 


Treatment with broad- m antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cho! mine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-assaciated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of perhaps organisms. Careful observation of the patient is essential. if superinfection 
does occur during therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and nts with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 
ú CEFOTAN Shou be used with caution in individuals with a history of gastrointestinal disease, par- 

icularly col 
INPORMRTION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by herein sweating, headache, and tachycardia may occur when alcoho! (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration, should be cautioned about the 
ingpation of alcoholic beverages following the administration of CEFOTAN. 
G INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 

alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
DRUGILABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and un erage levels by Jaffe reaction and produce false increases in the levels of 
creatinine rey : 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day {approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats _ 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 


In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Ossiroinenisal mpos occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hi ic peer abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
sitive direct Coombs test (1 in 250), and thrombocytosis (1 in 200). 
enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 


4 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
cnn reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
in 700). 


effects were reported in less than 1.0% of patients and included phlebitis at the site of re 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaptry! actic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 





mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 
Type of infection Dally Dose Frequency and Route 
Urinary Tract 4-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUI : When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
ml/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 
*Dose determined by the type and severity of infection, and susceptibility of-the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 

When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: eee eee 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is eye propa and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mi vials. The vials should not be stored at 
temperatures above 22°C and should be protected from bp 

me in 10 mL vial (NDC 9098-0970 -10); 2 g in 20 mL vi s uoc 00938-0377-20): 1.g in 100 mi vial 
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Designing a schedule of progestin administration in the control of 
endometrial carcinoma growth in the nude mouse model 

Rodrigue Mortel, MD, Richard J. Zaino, MD, and Pondichery G. Satyaswaroop, PhD 
Hershey, Pennsylvania 


Determination of the schedule of intermittent progestin administration in the control of 
human endometrial carcinoma is shown with the nude mouse model. 


The impact of luteal phase inadequacy in an infertile population 
Anne Colston Wentz, MD, Liliana R. Kossoy, MD, and Robert A. Parker, DSc 
Nashville, Tennessee 


Luteal phase inadequacy was diagnosed in 5.1% of infertile women, all of whom had other 
infertility factors. 


Urinary incontinence in community-dwelling women: clinical, urodynamic, 
and severity characteristics 

J. A. Fantl, MD, J, F. Wyman, MD, D. K. McClish, MD, and R. C. Bump, MD 

Richmond, Virginia 


Both urethra and bladder functions were impaired in 145 women with urinary incontinence, 
suggesting a possible pathophysiologic association between detrusor instability and urethral 
sphincteric incompetence. 


Pathophysiology of antiphospholipid antibodies: Absence of 
prostaglandin-mediated effects on cultured endothelium 


Donald J. Dudley, MD, Murray D. Mitchell, DPhil, and D. Ware Branch, MD 
Salt Lake City, Utah 


Sera from patients with antiphospholipid antibodies do not inhibit prostacyclin generation 
from intact or damaged endothelial cells in culture. 


A comparison of no medication versus methyldopa or labetalol in chronic 
hypertension during pregnancy 

Baha M. Sibai, MD, William C. Mabie, MD, Falah Shamsa, PhD, Marco A. Villar, MD, and 
Garland D. Anderson, MD 

Memphis, Tennessee 


The use of antihypertensive medications to treat mild chronic hypertension during pregnancy 
does not improve perinatal outcome. 


Leiomyosarcoma in a series of hysterectomies performed for presumed 
‘uterine leiomyomas 


Steven Leibsohn, MD, Gerrit d’Ablaing, MD, Daniel R. Mishell, Jr., MD, and John B. Schlaerth, MD 


Los Angeles, California 


Eight of 817 (8%) women with presumed uterine leiomyomas that produced symptoms 
necessitating hysterectomy had leiomyosarcoma diagnosed postoperatively. 
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The association of fetal and newborn metabolic acidosis with severe 
periventricular leukomalacia in the preterm newborn 
James A. Low, MD, Alison F. Froese, MD, Ruth S. Galbraith, MD, Eric E. Sauerbrei, MD, 


James P. McKinven, and E. Jane Karchmar, BA 
Kingston, Ontario, Canada 


Severe fetal or newborn metabolic acidosis is an important marker of the pathophysiology of 
periventricular leukomalacia in the preterm newborn infant. 


CLINICAL SECTION 
@ Clinical Opinion 





is office use of vaginal ultrasonography feasible? 983 
Ilan E. Timor-Tritsch, MD 
New York, New York 


Teaching of transvaginal ultrasonography, a new and effective imaging modality 
complementing the bimanual pelvic examination, should be incorporated in residency and 
fellowship programs, thus making its future office use feasible. 


E Clinical Articles 


Fatal pulmonary embolism during legal induced abortion in the United 986 | 
States from 1972 to 1985 
Herschel W. Lawson, MD, Hani K. Atrash, MD, MPH, and Adele L. Franks, MD 


Atlanta, Georgia 


This study reports incidence, trends, and risk factors for abortion-related deaths caused by 
pulmonary embolism. 


Vaginal ultrasonographic assessment of cervical length changes during 991 
normal pregnancy 

Ori Kushnir, MD, Debbie A. Vigil, MD, Luis Izquierdo, MD, Melissa Schiff, MD, and 

Luis B. Curet, MD 

Albuquerque, New Mexico 


Cervical length was measured by vaginal ultrasonography for normal gravid patients between 
8 and 37 weeks of gestation, with longest cervical length at 20 to 25 weeks. 


Vaginal bleeding and diethyistilbestrol exposure during pregnancy: 994 
Relationship to genital tract clear cell adenocarcinoma and vaginal 
adenosis in daughters 
Gerald B. Sharp, DrPH, and Philip Cole, MD, DrPH 
- Memphis, Tennessee, and Birmingham, Alabama 


When vaginal gestational bleeding is statistically controlled, in utero diethylstilbestrol 
exposure is strongly associated with vaginal adenosis and clear cell adenocarcinoma. 
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Are choroid plexus cysts an indication for second-trimester 1001 
amniocentesis? 

Beryl R. Benacerraf, MD, Bernard Harlow, PhD, and Fredric D. Frigoletto, Jr., MD 

Boston, Massachusetts 


Amniocentesis is not necessary for second-trimester fetuses with choroid plexus cysts if no 
other ultrasonographic anomaly is present. 


Significance of observing no fluid at amniotomy 1006 
Maurice L. Druzin, MD, and Diana M. Adams, MD 
New York, New York 


Thirty patients without fluid at amniotomy had a high incidence of meconium, indicating the 
need for close intrapartum surveillance and preparation for intensive neonatal care. 


Insulin sensitivity and B-cell responsiveness to glucose during late 1008 
pregnancy in lean and moderately obese women with normal glucose 
tolerance or mild gestational diabetes 


Thomas A. Buchanan, MD, Boyd E. Metzger, MD, Norbert Freinkel, MD, and 
Richard N. Bergman, PhD 
Chicago, Illinois, and Los Angeles, California 


Computer analysis was used to derive simultaneous and quantitative measures of insulin 
sensitivity and pancreatic B-cell function in late normal pregnancy and in late pregnancy 
complicated by gestational diabetes. 


Accelerated starvation in late pregnancy: A comparison between obese 1015 
women with and without gestational diabetes mellitus 
Thomas A. Buchanan, MD, Boyd E. Metzger, MD, and Norbert Freinkel, MD 


Chicago, Illinois 


Compared with obese pregnant women with normal glucose tolerance, obese women with 
gestational diabetes had a greater fall in plasma glucose without exaggerated ketonemia in 
response to an 18-hour overnight fast during the third trimester. 


Maternal serum a-fetoprotein in twin pregnancy 1020 
J. M. Johnson, MD, C. R. Harman, MD, J. A. Evans, PhD, K. MacDonald, MSc, and 
F. A. Manning, MD 

Winnipeg, Manitoba, Canada 


Maternal serum a-fetoprotein screening has a valuable role in twin pregnancy, both in the 
detection of twins and in the prediction of perinatal outcome. 


intrauterine fetal growth in concordant twin gestations 1025 
John F. Rodis; MD, Anthony M. Vintzileos, MD, Winston A. Campbell, MD, 

Michael G. Pinette, MD, and. David J. Nochimson, MD 

Farmington, Connecticut 


Intrauterine fetal growth of concordant twins was assessed in a longitudinal fashion to 
establish norms and to assess the accuracy of estimating fetal weight in twin gestations. 
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- Neonatal growth assessment score: A new approach to the detection of 
‘intrauterine growth retardation in the newborn 
Russell L. Deter, MD, Ronald B. Harrist, PhD, and Reba M. Hill, MD 


Houston, Texas 


Growth potential realization index values for four parameters were combined to create a 
neonatal growth assessment score to separate normal infants from growth-retarded infants 
and quantify the degree of growth abnormality. 


Effect of the menstrual cycle on detection and typing of human 
-papillomavirus in uterine cervical cells 


Patricia J. McNicol, PhD, Fernando B. Guijon, MD, Maria Paraskevas, MD, 
Evelyn Heywood, RN, RM, Michael J. Gray, BSc, and Robert C. Brunham, MD 
Winnipeg, Manitoba, Canada 


Detection and typing of human papillomavirus are not influenced by menstrual cycle stage, 
but determination of infection status by filter in situ hybridization requires multiple 
assessments. 


Prediction of preterm delivery: Is it substantially improved by routine 

vaginal examinations? 

Béatrice Blondel, PhD, Xavier Le Coutour, MSc, MD, Monique Kaminski, MSc, Charlette Chavigny, 
Gérard Bréart, MSc, MD, and Claude Sureau, MSc, MD 

Paris, France 


A small improvement of the prediction of preterm delivery was found when the prediction 
included the vaginal examination findings in addition to risk factors and symptoms. 


Activation of the renin-angiotensin system during ritodrine treatment in 
< preterm labor 
-Myriam Hanssens, MD, Marc J. N. C. Keirse, MD, and E. Malcolm Symonds, MD 
Nottingham, England, and Leuven, Belgium 





Ritodrine infusion in preterm labor increases plasma renin activity and active and total renin 
concentrations, indicating enzyme- and substrate-mediated activation of the renin-angiotensin 
system. 


Intrauterine transfusion—Iintraperitoneal versus intravascular approach: A 
case-control comparison 
C. R. Harman, MD, J. M. Bowman, MD, F. A. Manning, MD, and S. M. Menticoglou, MD 


Winnipeg, Manitoba, Canada 


This case-control study compared intraperitoneal transfusion and intravascular transfusion in 
44 matched pairs; almost all fetal-neonatal and maternal parameters favor the intravascular 
route. 
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They didn't give up medicine. They just started practicing it in a more 
exhilarating environment. 

An environment that affords them many tangible benefits. Like a diverse practice, 
unlimited access to medical specialities, and financial security. Plus a lot of 
intangibles. Like a comfortable lifestyle, an opportunity for worldwide experiences 
and the respect that goes along with being an Air Force officer. 

Of course, fo enter an environment this rewarding, they did have to give up a few 
things. Like rent, equipment expenses, malpractice insurance, payrolls and 
utility bills. 

Now, you may be intrigued by such a unique opportunity. But like any ; 
good medical professional, you'd probably like a complete case history. ly 
So call 1-800-423-USAF Or send your curriculum vitae to Colonel William fd 
E. Patterson, United States Air Force/RSH, Randolph ; 

Air Force Base, Texas 78150-5421. HIGH // 
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Flow velocity waveforms of the vascular system in the anemic fetus 1060 
before and after intravascular transfusion for severe red biood cell 
-alloimmunization 
Giancarlo Mari, MD, Kenneth J. Moise, Jr., MD, Russell L. Deter, MD, Brian Kirshon, MD, 
Theodor Stefos, MD, and Robert J. Carpenter, Jr., MD 
“Houston, Texas 


The pulsatility index of eight vessels of the vascular system in 16 anemic fetuses was 
unaltered before and after intravascular transfusion for severe red blood cell 
alloimmunization. 


Postpartum cardiovascular complications after bromocriptine and 1065 
cocaine use 

Fred R. Bakht, MD, Brian Kirshon, MD, Tahirih Baker, MD, and David B. Cotton, MD 

Houston, Texas 


The potential for adverse cardiovascular effects after postpartum bromocriptine use, especially 
in conjunction with recent cocaine use, is discussed. 


Doppler examination of the middle cerebral artery in anemic fetuses 1066 
Sanjay Vyas, MD, Kypros H. Nicolaides, MD, and Stuart Campbell, MD 
Longdon, England 


Middle cerebral artery Doppler ultrasonographic studies suggest that the hyperdynamic 
circulation of fetal anemia may be due to decreased blood viscosity. 


Prenatal diagnosis of valvar aortic stenosis by Doppler echocardiography 1068 
and magnetic resonance imaging 

Toshiyuki Hata, MD, Ken Makihara, MD, Showa Aoki, MD, Masuo Kusakari, MD, 

Kohkichi. Hata, MD, Kenji Kishida, MD, and Manabu Kitao, MD 

Izumo, Japan 


An accurate prenatal diagnosis of valvar aortic stenosis was made using color and pulsed 
Doppler echocardiography and magnetic resonance imaging. 


Vel isoimmunization in pregnancy 1071 
- Robert: J. Stiller, MD, Olga Lardas, MS, MT(ASCP)SBB, and Roberta Haynes de Regt, MD 
Bridgeport, Connecticut 


i. The significance of Vel sensitization during pregnancy is discussed. 


E Current Development 


Strategies for the prevention of low birth weight 1073 
R. M. Kliegman, MD, C. J. Rottman, PhD, and R. E. Behrman, MD 
Cleveland, Ohio 


a Medical intervention must combine with social change to bring about final resolution of many 
health problems. 
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THE PERMANENTE MEDICAL GROUP 


NORTHERN CALIFORNIA 





QUALITY 


STABILITY 


LEADERSHIP 


GROWTH 


SUPPORT 


REWARDS 


/ 
N 


KAISER PERMANENTE 
Good People. Good Medicine. 


The Permanente Medical Group, the largest multispecialty group 
practice in the U.S., is undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, Sacramento and the 
Central Valley. Our rapid increase in membership has created 
opportunities throughout the region for additional BC/BE Obstetri- 


cians and Gynecologists. 


As part of a comprehensive health care system made up of the 
Kaiser Foundation Health Plan, Kaiser Foundation Hospitals, and 
our physician-managed group, you will have access to the latest 
medical technology and resources, the support of colleagues in all 
subspecialties — and the opportunity to provide excellent health 
care without the burdens of managing a practice. 


Join us in one of these facilities: 


Richmond — Small, congenial clinic 
setting staffed by five physicians and 
five nurse practitioners with ready 
consultation for other services, 
including perinatology. Practice 
general OB/GYN, high-risk obstetrics 
and infertility. Expertise in colposcopy, 
laparoscopy, hysteroscopy and laser 
welcome. Resident teaching 
opportunities exist. Staff call at Kaiser 
Hospital in Oakland, shared with 
resident staff. 


Oakland — Twenty physicians, 12 
residents offer services in oncology, 
infertility, maternal-fetal medicine and a 
large ICN. 


Redwood City — Specializes in family- 
centered maternity care; offers modern 
LDR rooms and full range of gyneco- 
logical surgery. With ten physicians, 
24-hour call is required three times 
each month: Beautiful Peninsula 
location, near San Francisco and the 
Pacific Ocean. 


Stockton — Small four physician 
department in a new clinic building 
with new equipment, including laser. 
Stockton's lifestyle is affordable and 
attractive, offering recreational activities 
such as boating on the inland water- 
ways. Centrally located, with moun- 
tains to the east and San Francisco Bay 
Area to the west. 


Roseville — Eight physicians and two 
nurse practitioners in clinic setting. 
Patients are hospitalized for delivery 
and surgery in Sacramento where 
physicians take call for L&D and 
emergency about 5 times each month. 


San Francisco — Full range of serv- 
ices including large high-risk, tertiary 
care OB service. Eighteen physicians, 
including GYN Oncologist. Residency 
program. Clinical research and aca- 
demic teaching appointments available. 


Sacramento — Growing metropolitan 
area between San Francisco Bay Area 
and Sierra Nevada mountains. Up-to- 
date facility with active staff of 14 and 
excellent residency program affiliated 
with the University of California at 
Davis. Flexible call averaging five 
shifts per month covers L&D, emer- 
gency room and inpatient services. 


Pleasanton — Staffed by four physi- 
cians and three nurse practitioners, 
clinic provides general OB/GYN serv- 
ices, non-stress tests, ultrasound and 
cystoscopy. Consultant support, in- 
cluding a Perinatologist, readily avail- 
able. Share call with staff of Walnut 
Creek Medical Center. Affiliated with 
the University of California at San 
Francisco as Clinical instructors. 


Fresno — Ground-floor opportunities 
in growing area for clinically-oriented 
individuals. Provide general OB/GYN; 
special interests encouraged. Planning 
new $26 million outpatient facility to 
accompany current medical office 
building. On call every fourth night 
and weekend. Local residency program 
at Valley Medical Center affiliated with 
the University of California at San 
Francisco. Teaching positions possible. 
South San Francisco — Full service 
except L&D. Nine physicians, six nurse 
practitioners. On San Francisco 
Peninsula, 15 minutes from downtown. 


Member physicians share TPMG's many benefits, from our leading quality assur- 
ance and continuing education to malpractice coverage and substantial retirement 
programs. For application information, call or send CV to: The Permanente 
Medical Group, Inc., Richmond Prescott, M.D., Physician Recruitment Services, 
1814 Franklin, 4th Floor, Oakland, CA 94612. 800-777-4912. EOE 
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Survival and cell acquisition rates after preimplantation embryo biopsy: 1084 
- Use of two mechanical techniques and two mouse strains 

William E. Roudebush, PhD, Jong G. Kim, MS, Brijinder S. Minhas, PhD, and 

Melvin G. Dodson, MD, PhD 

Johnson City, Tennessee 


One and three blastomeres can be removed from four-cell and eight-cell mouse embryos 
respectively, without affecting subsequent development and with live offspring produced after 
transfer of biopsied embryos. 


Some electrical properties of human pregnant myometrium 1090 
Yoshihito Inoue, MD, Kazuhisa Nakao, MD, DMSc, Kohji Okabe, DDS, DMSc, 

Hidetaka Izumi, MD, DMSc, Shuji Kanda, MD, DMSc, Kenji Kitamura, DDS, DDSc, and 

Hirosi Kuriyama, MD, PhD 

Fukuoka, Japan 


Two different calcium channels with single-channel conductances of 12 and 29 pS were found 
in human myometrial cells, which were responsible for generation of action potentials. 


Oncogenic transformation by human papillomavirus type 16 1099 
deoxyribonucleic acid in the presence of progesterone or progestins 

from oral contraceptives 

Alan Pater, PhD, Mahin Bayatpour, MD, and Mary M. Pater, PhD 

St. John’s Newfoundland, Canada, and Fresno, California 


Oncogenic transformation of primary cells is achieved by a combination of human 
papillomavirus type 16 deoxyribonucleic acid and ras oncogene in the presence of 





progesterone or progestins. 


Endothelin increases cytoplasmic calcium and myosin phosphorylation in 1103 
human myometrium 
R. Ann Word, MD, Kristine E. Kamm, PhD, James T. Stull, PhD, and M. Linette Casey, PhD 


Dallas, Texas 


Endothelin, a recently discovered vasoconstrictor, acts to increase cytoplasmic calcium, myosin 
light chain phosphorylation, and contraction frequency in human myometrium. 


In vitro induction of prolactin production and aromatase activity by 1109 
gonadal steroids exclusively in the stroma of separated proliferative 

human endometrium 

John F. Randolph, Jr., MD, Helle Peegel, BS, MS, Rudi Ansbacher, MD, MS, and 

K. M. J. Menon, PhD 

Ann Arbor, Michigan 





Estradiol and progesterone induce prolactin production and aromatase activity only in the 
stroma of proliferative human endometrium, thus emphasizing the metabolic dissimilarity of 
endometrial glands and stroma. 
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Fetal hemodynamic and fetoplacental vascular response to exogenous 1115 
arginine vasopressin 


Glenn L. Irion, PhD, Catherine E. Mack, BS, and Kenneth E. Clark, PhD 
Cincinnati, Ohio 


Infusion of vasopressin at rates producing levels associated with fetal stress decreases 
fetoplacental blood flow in ovine fetuses 4% to 13% and only 31% at vasopressin levels in 
excess of those associated with severe fetal distress. 


Need for a prospective treatment trial E. Nigel Harris, MD Louisville, Kentucky 1121 





Journal article appraisal Joseph G. Capecchi, MD St. Paul, Minnesota 1121 


Oral contraceptives and infection rates David A. Grimes, MD, and Daniel R. Mishell, Jr., MD 
Los Angeles, California 1121 


Reply William C. Louv, PhD, Harland Austin, DSc, Jeffrey Perlman, MD, and W. James Alexander, MD 
Cincinnati, Ohio, Birmingham, Alabama, Bethesda, Maryland, and Bristol, Tennessee 1122 


Intrapartum fetal asphyxia D. P. J. Barton, MD, M. J. Turner, MD, and J. M. Stronge, MD Dublin, Ireland 1123 
Reply James A. Low, MD Kingston, Ontario, Canada 1123 


Prediction of fetoplacental blood volume in isoimmunized pregnancy Line Leduc, MD, and 
Kenneth J. Moise, Jr., MD Houston, Texas 1124 


Reply Scott N. MacGregor, DO Evanston, Illinois 1124 
Fetal umbilical blood gas values as diagnostic criteria Carl P. Weiner, MD Jowa City, lowa 1124 


Reply Wendy B. Warren, MD, Sheila Ronkin, MD, Benjamin Chayen, MD, Laurence Needleman, MD, and 
Ronald J. Wapner, MD New York, New York 1125 


Umbilical vein oxytocin Robert C. Goodlin, MD Denver, Colorado 1125 
Reply J. Chris Carey, MD, and Virginia V. Reddy, MD Oklahoma City, Oklahoma 1125 


Use of cordocentesis in fetal hemolytic disease and autoimmune thrombocytopenia Carl P. Weiner, MD 
Iowa City, lowa 1126 


Reply E. Albert Reece, MD, Angela Scioscia, MD, Joshua Copel, MD, Peter Grannum, MD, and John C. Hobbins, MD 
New Haven, Connecticut 1127 


Efficacy of prednisone treatment to prevent recurrent fetal death Susan Cowchock, MD, and 
Donald J. Balaban, MD, MPH Philadelphia, Pennsylvania 1128 


Reply Michael D. Lockshin, MD, Maurice L. Druzin, MD, and Tasneem Qamar, MA New York, New. York 1129 
Assessment of fetal response to exercise in pregnancy Nagy M. Rafla, MD Galway, Ireland 1129 
Reply Robert J. Morrow, MD Glasgow, Scotland 1130 


Causes of the increase in ectopic pregnancy Hani K. Atrash, MD, MPH, and Adele Franks, MD Atlanta, Georgia 
1130 . ; 
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Reply Juha I. Mäkinen, MD, Risto U. Erkkola, MD, and Pekka J. Laippala, PhD Turku and Tampere, Finland 1131 


Postpartum gentamicin dosing and endometritis Cheryl A. Stoukides, PharmD, and Paul F. Souney, MS 
Boston, Massachusetts 1132 


Reply Gerald G. Briggs, BPharm, Peter J. Ambrose, PharmD, and Michael P. Nageotte, MD Long Beach, California 
1132 


ITEMS 


Items 1134 





CORRECTION 





Effect of pregnancy on uterine and carotid artery response to 1133 
norepinephrine, epinephrine, and phenylephrine in vessels with 
documented functional endothelium 


(Weiner CP, Martinez E, Chestnut DH, Ghodsi A. 1989;161:1605-10) 
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Do you knos | PERSONALIZED 
about the fourth most | : : 
common birth defect? | LIBRARY CASES 
| 
SRE | Protect your personal copies of 
FOUNDATION i's cleft lip and palate - occurring in about l AMERICAN JOURNAL OF OBSTETRICS 
one in every 700 newborns. If you've ever | AND GYNECOLOGY 
delivered a baby with this birth defect, you | in custom made, titled library cases. 
nas ie na aey d Pora > z i pa $ | Constructed of durable, reinforced binder's board 
Da by born with sau imper ect rar Es NYE VE | covered in a rich simulated leather, each is designed to 
found that providing information and sup- hold on entire year's issues. The Journal name is 
port to the parents as soon as possible stamped in gold leaf, making the cases attractive 
helps to alleviate the understandable shock additions to any decor, whether on your bookshelf, 
THE and anguish they feel. | desk or any location in your home or office. 
CLEFT Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
PALATE ae i j per unit postage and handling ($2.50 per unit outside 
FOUNDATION The Cleft Palate Foundation is a non-profit organ- | the U.S.A.). U.S. funds only. 
ization dedicated to providing services to parents | ; 
of newborns with clefts and other craniofacial l To charge your order using American Express, Visa, 
anomalies and/or to physicians who deliver these | MasterCard or Diners Club, call toll-free: 
babies. Our problem is finding these families | 1-800-972-5858. 
quickly enough to do some good - or having i mnn mm Vista uma os menns aia. Sia 
them find us. | 
| Please send me o bror cases for 
METUNE The Cleft Palate Foundation's 24-h toll-f | AMERICAN ONC OBSTEIG 
e Cleft Palate Foundation's 24-hour toll-free l AND GYNECOLOGY 
CLEFTLINE at 1-800-24-CLEFT (1-800-242-5338) l ot $7.95 each: 3 for $21.95: 6 for $39.95, and $1 per unit 
is available to everyone seeking information | postage and handling ($2.50 per unit outside the U.S.A.). 
CALL and referral for the treatment of cleft lip, cleft i N 
TODAY palate and other craniofacial anomalies. | sme EIA 
FOR A | Address 
EEE ATON | Gtu/State/Zi (no P.O. boxes, please) Jesse Jones Industries 
3 $ ` | ity/ state / Zip 499 East Erie Avenue 
PACKET 1-800-24-CLEF I | , Philadelphia, PA 19134 
| PA residents add 6% soles tax 
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Reterences: 
1. Data available on request from Roeng. 2. Aldndge KE. Sanders CV. 
» Maner RL: Variation in the potentiation of B-lactam antibiotic activity by 
clavulanic acid ang sulbactam against multiply antibiotic-resistant bacteria 
J Anunmuurot Chemother 1986.17 :463-469 3. Cromblehoime WR. Ohm- 
Smith M, Bobbie MO. etal Ampicitien/sulbactam versus metronidazole- 
gentamicin in the treatment of soft tissue pelvic intections Am J Obstet 
Gynecol 1987: $56(Feb) 507-512 4. CucharaiG. SaydmanO JacobusN et 
a Comparison of new antimictobiat agents against the Bacteroides fagis 
group Abstract. presented a tthe Annual Meeting ofthe Amencan Secs ety of 

crobiaiogy. Miami Beach. Fia: May 1988 5. D Amato RF Hochstein 

vilro susceptibilities of aerogic and anaerobic ¢ ai isolates to 
uibactam Presented as a Fr fic Extubit at the 87th Annual 
Meet ing of ine American Society of Microbiology. Alanta. March 1987 
6. finegoid SM: Anaerobic bacteria Their role in infection and their man 
agement Postgrad Med 1987,81(8) 141-147 7. Jenkins SG Susceptibiity 
pattems of Bacteroides fragilis group isolates to amp:culinysuibactam and 
other selected antibiotics Presented at a symposium entitled Ampiciilin 
Sulbactam New Strategy for the Treatment of infectious Disease 
Montreux. Switzerland, July 16-17 1987 pp 19-20 8. Tally FP Jacobus NV 
ty of sulbactam against recent moiates of aerobic and anaerobic bacteria 
act 36. Presented af the 23rd internationa: Congress of netobial 
Agents and Chemotherapy. Las Vegas, Oct 24-26 1983 {abs} 9. Wasilauskas 
uscephbiity of anaerobes to ampicilin-sulbactam and 6 other anti- 
palagents. abstract Presentegat the Annual Meeting of the American 
or Microbiology. Miami Beach. Fla. May 8-13. 1988 10. Wexler 
is B. Carter WE. et al: In vitro efficacy of sulbactam combined with 
against anaarome sear Buia Agents Chemother 











































Combating beta-! cipal 
many pelvic infection pathogens Presented as a one ext 
Thiefy-Sixth Annual Chnical Meeting of the Amencan College of Obstet- 
nei Ay and Gynecologists, Boston, May 2-4, 1988 13. Senk H-H Stigi- 
mayar R. Eibach HW. et ai: Suibactam/ampicillin versus cetoxitin in the 
treatment of obstetric and j gynascolg alimections. Drugs 1986.31{suppi 
21:18-21. 14. Newton ER, Gibbs RS. eatment of posiparium endomettit S 
A comparison of ampicilinsulbactam vs. gentamicin pius chngamycin 
Presented as a scientific’exhibit at the Thirty-Sixth Annual Clinical Meeting 
of the American College of Obstetricians and Gynecologists. Basten, May 
2-4, 1988.15. Gunning J: A comparison of parenteral sulbactam/ampicthn 
verSus chadamycin/ tamiun in the treatment of pelvic matory 
disease. Drugs 1988.31isupp) 2).14-17 16. Stromberg BV. Reines HD Hunt 
P Comparative chnicai study of sulbactam and ampicilin and chndamycin 
emn in infecbans of soft tissues e Gyn Obstet 1986.162 
aimbarg AS, Nord etal A rangomuzed 
piu j tam vs. gentanucin plus cin- 
he treatment of ntraabdam, infechons. Aprehmunary report 
fig {986 8isuppi 5: 5583-5588 18. Bruhat MA. Pouly JL Le 
Be agder G. et ai Treatment of acute salpingitis w ulbactamampiciiin 
Compansan with G i Drugs 1986.31isuppt 2).7-10. 19. Faro S Expe- 
pence with ampcilin/sulbactam for OB/GYN infections Presented at a 
symposiutn entitled B-Lactamase inhibitors Progress wih Ampicilin! 
Suibactam Atlanta, December B. 1987 p 14 {abs} 

































INDICATIONS AND USAGE 
UNASYN dicated for the teatme 

1 designated microargar t 
Skin and Skin Structure Infections caused by bet 
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tons due to suscephhle 
tions listed below 
actamase producing 













Intra-Abdominal intections caused by beta-lactamase producing strains ot 
Escherichia coh, Klebsiella spp including K pneumoniae“). Bacteroides 
spp. including B fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains at 
Escherichia coli.” and Bacteroides spp * including B fraguis*} 
*Ethcacy for this organism in itis organ system was studied in fewer than 10 
infections 
While UNASYN* (amprciliin sodium sulbactam sodium) s$ indicated oniy 
tor the condstians listed above. infections caused by ampicdhn- y 
orgamsms are alsoamenabie to treatment with UNASYN due to its ampe 
content Therefore. mixed infect: caused by ampicuim-susceptidie 
organisms and beta-lactamase pro g organisms susceptaie t0 
UNASYN shouid not require the addition of another antibiohc 
CONTRAINDICATIONS 
The use of UNASYN is contrammdicated in individuals with a history ot 
hy persensstevily reactions to any of the pemeiins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC 
TiC} REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER 
SENSITIVITY REACTIONS TO MULTIPL TE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
i FENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA.- 
EFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY 
US HYPERSENSITIVITY RE 


























LOSPORINS 
SHOULD BE MADE CONCERNING PREV RES 
TIONS TO PENICILLINS CEPHALOSPORINS AND OTHER ALLERGENS IF 
N ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 

ANO THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 








STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
Generat: A Mm R percentage of pahects we th mononuch Basis who receive 
ampicilien de 
be admimstered to patents wih 
UNASYN the possibiity of supers acters i mycotic oF bacter vai patho- 
gens shouid be kept in mind dunng therapy If supennfechons occur 
{usually involving Pseudomonas or Cantiga the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug interactions; Probenecid decreases the renal tubular secretion of 
ampicihn and sulbactam Concurrent use of proben SYN nay 
result in increased and prolonged biood levels at a 
The concurrent administration ot atiopurinal and ampicillin mcreases sut- 
stantially the incidence of rashes on patients receiving both drugs as 
compared to patents recewmyampieilinalone. itis not knows whether this 
potentiation of ampicillin rashes is due to allopyrinal or the hyperuncertea 
present in these pahents There are no data with UNASYN and allgpurnal 
administered concurrently. UNASYN and aminoglycosides stouid not be 
reconshtutes together due to the in vitro mmactivation of ammogiycosides by 
the ampicilin component of UNASYN 
Drug/Laboratory Test interactions: Administration ot UNASYN will result 
in Tigh urine concentrations of ampicilia, High unne concentrations of 
ampicillin may resuit im faise. positive reactions when testing for the 
fesence of glucose in unne using Cimtest ~, Benedicts Soluten or 
ehling’s Solution. if is recommended that glucose tests based on en- 
aymatic giucose oxidase reactions {such as Clinistix” or Testape “} be 
used. Following administration of ampicillin io pregnant women. a Nansen! 
decrease in plasma concentrating of total conjugated estnol. es- 
tegigiucurerie. conjugated estrone. and estradiol has been noted. This 

























IM strains of Staphylococcus aureus Escherichia col: Kiebsiella spp- effect may aise occur with UNASYN 7 
CT 1 5 3 6h {inciuding K pneunomae') Proteus muabiis ~ Bacteroides fragilis * Carcinogenesis, Mutagenesis, Impairment of Fertility: ecg tem stud- 
Iv . or g q Enterobacter spp. > and Acmetobacter cascoaceticus. * ves ih ammats have not been performed to evaluate carcinogenic Of Muta- 


enie potenta 
regnancy 

Pregnancy Category B: Reproductor studies Nave been pertormed inouce 
rats ang rabbits at doses up to ten { s the human dose ang have 
revealed no evidence of impaired fertuty or harm to the fetus due to 
UNASYN There are. however, no adeguate and well controfied studies itt 
pregnant wo Because animai reproduction studies are nat always 
predictive o ug shouid be used au g Oragnancy 
only f cieariy needed { l 

Labor and Delivery: $ 

adminstrator i 
contracbon 
ever itis ni 





























height af 
ows whether the use gft 


f contraction 
ASYN in humans di gunng 
effectsanthetetus. prolongs the 
ihood that torceps delivery or other 
on of the newborn wiii be necessary 
tions of ampiciiin and sulbactam are 
JNASYN 






duration 
obstetrical inter 
Nursing Mothers: Low concentra 
excreted in tne mik: therefore, caution snouid be exercised when 
1s administered to 4 nursing woman 
Pediatric Use: The efficacy and sate 
munfants and chidren under the age a! 
ADVERSE REACTIONS 
UNASYN 1s generally well tolerated The folowing adverse reachons have 
been reported 
Local Adverse Reactions 

Pain at iM injection site —~16%> 

Thrombophiebitis— 3% 
Systemic Adverse Reactions 
The most frequently reported adverse marhocs were diarrhea 
patients and rash in less than 2° of the paty 
Additional systemuc reactions reported i 
sting nausea. vomiting. can 
pain. flatulence. abdominal diste: 
edema. taciai swelling. erythema 
pan. epistaxis ang mucosal bi 
Adverse Laboratory Changes 
Adverse i tory changes withoul regard to drug relabonshin that were 
reported d g Chnical trials were 

Hepatic increased AST (SGOT: ALT (SGPT). alkalne phosphatase and 

LDH 

Hematologie Decreased hemoglobin, hematocrit RAC. WBC, ngu- 

tropmig. iym cytes. platelets and increased lymphocytes. morg- 
s dasop eosinophils. and platelets 
mustry Decreased serum valbumutt and total proteins 
nine 
Presence of RBCs and hyabne casts wn urine 
adverse reactions have beer teported with ampici! 

ahbiotes and canaiso occur with UNASY! 

Gastrointestinal: Gastritis, stomatitis black “nary tongue. enterc 
and pseudomembrangus colibs 
Hypersensitivity Reactions: Urtcaca. erythema multitorme. and an occa- 
sional case of axfohatiwe dermatits have ted Thesen 
may be controlled with antihistamines and, if r 
steroids Whenever such reactions occur, ihe drug shout gbe 
unless the opinian of the physician dictates otherw: se: Serious a 
sional tata: hypersensitivity tanaptylactic) reactions can occur welt a a 
penicillin (see WARNINGS! 
Hematologic: in addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytos:s has been veparted during Therapy veth p 
icing Ali these spaction; are usuaily reversible on discontinuatg 
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UNASYN nave not been estabsned 









Pain at iV orechon Site 3% 












retention dysuria 
pgntness in throat, $ al 










































Nothing comes closer to 100% activity 


against anaerobes in vitro. It’s a fact. Studies have 
proved no other antibiotic superior to UNASYN in overall 


“I used to think only two 
things in life were certain.” 


antianaerobic activity. ™® Not 
clindamycin. Not metronidazole. 
Nothing. 

And that’s nothing to overlook-— 
given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 


always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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The Cumulative Index features: 
e more than 800 pages 
è both a subject and an author index 


© 22.456 author entries 









Yar comprehensive reference guide to 
a decade of valuable clinical information . . . 


Ten-Year Cumulative Index (1978-1987) to the 
AMERICAN JOURNAL OF 
OBSTETRICS AND GYNECOLOGY 


Now you have easy access to 10 years of clinical information, indexed in one 
convenient source — the Ten-Year Cumulative Index to the AMERICAN 
JOURNAL OF OBSTETRICS AND GYNECOLOGY. 


This hard-cover index is a comprehensive guide to more than 30,000 pages 
of original articles, case reports, letters, and editorials published in the Journal 
from 1978 through 1987 (volumes 130 to 157). These influential, peer- 
reviewed papers are indexed both by subject and by author. 





YES! 

Please send me the Ten-Year Cumulative 
Index to the AMERICAN JOURNAL OF 
OBSTETRICS AND GYNECOLOGY 
(1978-1987). I've indicated my method of 
payment below. 


El $64.50 U.S. C] $69.00 International 
(prices include shipping) 





Payment must accompany your order. 


© Check enclosed (U.S. funds, drawn on a U.S. 
bank, payable to The CV. Mosby Company) 
CI VISA 


[C MasterCard 


Card # 





Exp. date 





Signature 





Name 





Address 





© 4,331 subject headings, containing 24,126 references 


The Cumulative Index is a great time-saver for locating information on clinical 
topics of immediate or historical significance in obstetrics and gynecology. 
There’s no need to search for index issues from each year. 
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Reterences: 
4. Data available on request from Roeng 2. Aldnage KE Sanders CV, 
Marier RL. Vanation in the potentiation of -lactam antibiotic activity by 
Giavuiame acid and sulbactam against multiply antibione -resistant bacteria 
J Antimicrob Chemother 1986.17 463-469. 3. Cromblenoime WR Ohm- 
Smith M, Robbie MO, et al: Amprcilin/suibactam versus metrondazoie- 
entamicin in the treatment of soft tissue pelvic intections Am J Obstet 
ynecol 1987 :156(Feb):507-512 4. CucharalG. SnydmanD Jacobus Net 
al: Comparison of new antimicrobial agents against the Bacteroides tragis 
group Abstract, presented a! the Annuai Meeting of the Amencan Society ot 
Micrabiotogy, Miami Beach, Fla. May 1988. 5. D Amato RF Hochstein L 
Pavia M. fa vitro susceptibilities of aerobic and anaerobic Cinical isolates to 
ampredtin/sulbactam. Presented as a Scientific Exhibit at the 87th Annual 
Meeting of the American Society of Microtioiogy. Atlanta. March 1987 
6. Finegold SM: Anaerobic bacteria Their role in intecbon and thew man- 
agement. Postgrad Meg 1987,81(8).141-147 7. Jenkins SG Susceptibility 
patterns of Bacteroides fragilis group isolates to ampicillin ‘sulbactam and 
other selected antibiotics. Presented at a symposium entitled Ampiciins 
Sutbactam: New Strategy tor the Treatment of intecvous Disease 
Montreux. Switzerland. July 16-17, 1987 pp 19-20 8. Tally FP Jacobus NV 
Activity of sulbactam against recent isolates of aerobic and anaerobic bacteria. 
abstract 36. Presented at the 23rd international Congress af Antemcrobia! 
Agents and Chemotherapy. Las Vegas. Oct 24-26, 1983 (abs) 9. Wastiauskas 
B Susceptibility of anaerobes to ampucillin-suibactam and 6 other anti- 
mucrobial agents, abstract. Presented atthe Annual Meeting of the American 
Socety for Microbiology. Miam: Beach. Fla, May 8-13. 1988. 10. Wexler 
HM. Harns B. Carter WT et al: In vitro efficacy of sulbactam combined with 
ampicillin against anaerobic bacteria. Antimicrob A 
1985:27:876-878. 11, Ampiciilin sulbactam (Unasyn} Mealen Drugs Ther 
1987 29(August 28):79-81. 12. Hemseil DL. Wende! GD Hermsel! PG 
Cambatng betajactamase enzyme—principal defense mechan:sm of 
many peivic infection pathogens. Presented as a scientific exhibit at the 
Thirty-Sixth Annual Clinical Meeting of the American College of Obstet- 
neians and Gynecologists. Boston. May 2-4. 1988 13. Serft H-H. Stigi- 
mayer R. Eibach HW. et al Suibactam/ampiciliin versus cefoxitin in the 
treatment of obstetric and gynaecological infections Drugs 1986.3!isuppl 
24:18-21 14, Newton ER, Gibbs RS. Treatmentof postpartum endemetritis 
A comparison of ampicilin/suibactam vs gentamicin plus chadamycin 
Presented as a scientific exhibit at the Thirty-Sixth Annua! Clinical Meeting 
af the American College of Obstetricians and Gynecologists. Boston, May 
2-4. 1988. 15. Gunning J: A comparison of parenteral suibactam/amprciiiin 
versus clindamycin/gentamicin n the treatment of pelvic inflammatory 
disease Drugs 19B6.31{suppl2):14-17 16, Stromberg BY Reines HO Hunt 
P Comparative clinical study of sulbactam and ampicilin and clindamycin 
and tobramycin in infections of soft tissues. Surg Gyn Obstet 1986.162 
575-578 17. Kager L. Malmborg AS. Nord CE. et ai A randomized 
controlled tral of ampicHfin pius sulbactam vs. gentarmmem pius cin- 
damycin inthe treatment of ntraabdominal infections. A prebminary report 
Rey infect Dis 1986:8(supp! 5) 5583-8588. 18. Bruhat MA. Pouly JL. Le 
Boedec G. et al: Treatment of acute salpingitis with sulbactam/ampiciitin: 
Comparison with cetoxitin. Drugs 1986.31 (suppl 2).7-10. 19. FaroS Expe- 
nence with ampicilin’suibactam for OB/GYN infections Presented at a 
symposium entitied @-Lactamase Inhibitors Progress with Ampicdiin! 
Suipactam Alianta. December 6, 1987 p 14 (ads) 


INDICATIONS AND USAGE 

UNASYN 16 indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions fisted below 
Skin and Skin Structure Infections caused by beta-iactamase producing 
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strans of Staphyiococcus aureus. Escherichia col.” Klebsielia spp- 
anciuding K pneumoniae’). Proteus mirabihs > Bacteroides tragis * 
Enterobacter sop .* and Acinetobacter caicoaceticus * 
intra-Abdominal Intections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp Unciuding K pneumomae*), Bacteroides 
spp. unciuding 8. fragils). and Enterobacter spp * 
Gynecological infections caused by Deta-lactamase producing strains ot 
Eschenchia col.* and Bacteroides spp including B tragis”) 
*Efticacy for this organism in ths organ system was Studied in fewer than 10 
infechons 
While UNASYN® (ampicilin sodium sulbactam sodium) 5 cated only 
for the cond:tions listed above. infe nS Caused by ampicdiin-suscepytle 
organisms are also amenabie to treatment with UNASYN due tots amp: 
content Therefore. mixed infections caused Dy ampiciliin-suse 
organisms and deta-Jactamase producing orgamsms suscephbie to 
UNASYN shouid not require the addihen of another antibiootit 
CONTRAINDICATIONS 
The use of UNASYN is contr@ndicated in individuals with a history of 
hypersensitivity reactions to any of the pemciliins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC} REACTIGNS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucieosis who receive 
amp:cdiia develop a skin rash Thus ampiediin should not 
be admimstered to patients with mononuciegs:s In patents treated with 
UNASYN the passibiity of supernintections with mycotic of Dacterial patho- 
gens should be kept in mind dusing therapy If supennfechons occur 
{usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug interactions: Probenecid decreases the renal tubular secretion of 
ampiciilin and sulbactam Concurrent use of probenecid UNASYN may 
result in increased and prolonged diood ievels of ampiciin and sulbactam 
The concurrent administration of aliopunnoi and ampicihin imereases sub- 
stantially the incidence cf rashes om patients receiving both drags as 
compared to patients receiving ampatia alone. itis not known whether tus 
potentiation of ampiciltin rashes is due to allopunnol or the hyperuricemia 
present it these patients. There are no data with UNASYN and allopurinol 
administered concurrently. UNASYN and ununagiycasides should not be 
reconstituted together due to the sn vitro inactivation of aminoglycosides by 
the ampicilin component of UNASYR 
Drug/Laboratory Jest Interactions: Administration of UNASYN will result 
in high urine concentrations of ampiciilin High urine concentrations at 
ampiciiin may result in faise positwe reactions when testing for the 
pen af glucose in unne using Cimitest ~. Benedict's Solution or 
ehiing’s Solution itis recommended that glucose tests based on en- 
zymate giucose oxidase reactions isuch as Climstix” or Testape ~) be 
used. Folowingadministratonofampedinto pregnant women. a transient 
decrease in plasma concentration of total conjugated estuai. es- 
tngiglucuror-de conjugated estrone. and estradiol has been soted This 



























effect may atso occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stut 
esin animals nave not been performed to evaluate carcinagense or muta- 
enit potential 
regnancy 
Pregnancy Category 8: Reproduction studies nave been pertormed in mice 
fats and rabbits at doses up to ten 110i limes the human dose and have 
reveaiéd no evidence of impaired tertdty of harm to the fetus due to 
UNASYN There are. however, no adeguate and well controtied studies n 
pregnant women Because anmai reproduction studies are not always 
predichve of human response, this drug shouid be used during pregnancy 
ory sf clearly needed (See-—Derug/Laboratory Test interachons } 
Labor and Delivery: Stucies in guinea pigs Nave Shows thal sntravenous 
admimstration of ampicillin decreased Me tenne tone frequency of 






contractions. height of contractions and duration of contractions How- 
ever itis not known whether the use of UNASYN in humans dunng labor or 









delivery has immediate or delayed adverse etfects on the fetu olongs the 
duration of labor or increases the bkkebhoog that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be Necessary 
Nursing Mothers: Low concentrations of ampicillin and su mare 
excreted nthe milk: therefore. caution shouid be exercised whee UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN have not been estabiisned 
unintants and chidren under the age of 12 
ADVERSE REACTIONS 
UNASYN :!s generally weil tolerated The folowing adverse reactions have 
been reported 
Local Adverse Reactions 
Pain at IM snyection site 1675 
Thrombophiebitig -~ 3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were drarrhea n 3% of the 
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Copyright statement. The specified copyright statement 
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right Statement may be torn from the JOURNAL or photo- 
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Checklist. The checklist that appears with the copyright 
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Information for Authors, which is published in each issue 
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for completion. 
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laboratory experiments, or data were added to those 
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another language will not be considered. 
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Editors that manuscripts emanating from a particular 
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authority. Human experimentation that requires local 
institutional approval must have this approval before the 
experiment is started and approval must be so indicated in 
the Methods section of the submitted manuscript. Reports 
of experiments on animals must state in the Methods 
section of the manuscript that the guidelines for the care 
and use of the animals approved by the local institution 
were followed. The species of nonhuman animals used in an 
investigation must be named in the title, abstract, and key 
words of the manuscript. 

Authorship. For manuscripts with two or more authors, 
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and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship 
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interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
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consultants, and does not play a part in the decision of the 
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accepted, the author and the Editor will determine how best 
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of sources of support and institutional affiliations on the 
title page is proper and does not imply a conflict of interest; 
only where there is a possible conflict of interest is the 
author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or publisher, and 
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purposes); author line with first name, middle initial, and 
last name of each author and each author’s highest 
academic degree (both MD and PhD are acceptable); 
city(ies), state(s) in which the study was conducted; 
divisional, or departmental, and institutional affiliations at 
the time the study was performed; source(s) of financial 
support; presented line, if applicable; disclaimers, if any; 
name, address, and business and home telephone numbers 
of author to whom requests for reprints should be 
addressed (if reprints will not be available, it should be so 
stated); and name, address, and business and home tele- 
phone numbers of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
exceeding 52 characters (including word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages 
of the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page and key words/phrases. On manuscript 
page 3 type the abstract, double-spaced, with the required 
margins and headed by the title of the article and name(s) 
of author(s). Abstracts for regular articles, Current Investi- 
gation, Clinical Opinion, and Current Development may 
not exceed 150 words. Abstracts for case reports and brief 
communications may not exceed 50 words. Below the ab- 
stract list 3 to 5 key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations, since the emphasis is on the “action” rather 
than on the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it 
is a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures. utilized, and statistical method(s) employed. 


Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 
legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required 1-inch 
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half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should be adjusted 


accordingly. 


In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65). Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 


A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 
tions at a cost of $525 per page (one side). 

For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smeoth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the: author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit- 
ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. If a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 
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typed double-spaced on paper separate from the text of the 


manuscript, and these pages must be numbered in 
sequence after the references. Titles should be included in 
the legend, not on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 
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Correspondence. Letters to the Editors must be submitted - 
in duplicate, typed double-spaced, and the text of the manu- 
script must be limited to a maximum of 400 words [ex- 
cluding references, name(s) and address(es) of the sign- 
er(s), and the phrase “To the Editors’’]. The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all co-signers.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of correspondence will be considered for pub- 
lication. (1) A Letter to the Editors commenting on an 
article that has appeared in the JOURNAL should be brief 
and directly related to the published article. The editorial 
staff reserves the right to shorten letters if necessary and to 
make minor editorial alterations without reference to the 
writer. Letters may be published together with a reply from 
the original author. If the original author does not respond, 
a notation indicating “Response declined” will be pub- 
lished. As space for letters is limited, only a selection of 
letters submitted may be published. (2) A brief case pre- 
sentation or a short report of a pertinent observation in the 
form of a Letter to the Editors will be considered for pub- 
lication. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, Mosby-Year Book, 
Inc., 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby- Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (314) 872-8370. 





Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


CHECKLIST AND COPYRIGHT STATEMENT 





These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted, 

~The appropriate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
manuscript. 

—-Three sets of unmounted glossy photographic prints are 
submitted, properly numbered and labeled on the back of 
each print. 

.-Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

— Human experimentation has been approved by the local 
institution as stated in the Methods section. 

Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 

~The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed double-spaced 
on bond paper with l-inch margins at top, bottom, and 
sides. 

~All pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—-Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

——In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
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Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This 
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over 35 years of age. Women who use oral contraceptives should be strongly advised not to smoke. 
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1. Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrombotic disease 
associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U.S. have demonstrated 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS -In a collaborative American study of cerebrovascular disorders in women with and without 
Predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and 
the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION (MI)—An increased risk of MI associated with use of OC's has been reported, confirming a 
previously suspected association. These studies, conducted in the UK, found, as expected, that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, 
history of pre-eclamptic toxemia) the higher the risk of developing MI, regardless of whether the patient was an OC user or 
not. OC's, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC 
users who do not smoke (smoking is considered a major predisposing condition to Ml) are about twice as likely to have a fatal MI 
as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal MI compared to 
users who do not smoke, but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. Furthermore, 
amount of smoking is also an important factor. In determining importance of these relative risks, however, baseline rates for 
various age groups must be given serious consideration. Importance of other predisposing conditions mentioned above in 
determining relative and absolute risks has not as yet been quantified; quite likely the same synergistic action exits, but 
perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse-reaction reporting systems, British investigators 
concluded that risk of thromboembolism, including coronary thrombosis, is directly related to dose of estrogen in OC's. 
Preparations containing 100 mcg or more of estrogen were associated with higher risk of thromboembolism than those 
containing 50-80 mcg. Their analysis did suggest, however, that quantity of estrogen may not be the sole factor involved 
This finding has been confirmed in the U.S. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the UK estimated 
the mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OC's 
according to age, smoking habits, and duration of use. Overall excess death rate annually from circulatory diseases for OC 
users was estimated to be 20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/ 100,000; ages 45-49—140/100,000), risk 
being concentrated in older women, in those with long duration of use, and in cigarette smokers. It was not possible, 
however, to examine interrelationships of age, smoking, and duration of use. nor to compare effects of continuous vs. 
intermittent use. Although the study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more 
years, all these deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous use for 5 or more 
years are available, it is not possible to assess magnitude of relative risk for this younger group. Available data from a 
variety of sources have been analyzed to estimate risk of death associated with various methods of contraception. Estimates 
of risk of death for each method include combined risk of contraceptive method (e.g, thromboembolic and thrombotic disease 
in the case of OC's) plus risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effective- 
ness of method. The study concluded that mortality associated with all methods of birth control is low and below that associated 
with childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is associated with condom or 
diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease associated with OC's increases with age 
after about 30 and, for MI, is further increased by hypertension, hypercholesterolemia, obesity, diabetes, or history of pre- 
eclamptic toxemia, and especially cigarette smoking Physician and patient should be alert to earliest manifestations of 
thromboembolic and thrombotic disorders (e.g, thombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary 
occlusion, retinal thrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be 
discontinued immediately. A 4- to 6-fold increased risk of postsurgery thromboembolic complications has been reported 
in OC users, 

If feasible, OC's should be discontinued at least 4 weeks before surgery of a type associated with increased risk of thrombo- 
embolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS-—Findings from one study in Britain involving cerebrovascular disease and 
another in the U.S. concerning MI suggest an increased risk of these conditions in users of OC's persists after discontinuation 
of the OC's. In the British study, risk of cerebrovascular disease remained elevated in former OC users for at least 6 years 
after discontinuation. In the U.S. study, increased risk of MI persisted for at least 9 years in women 40- to 49-years-old 
who had used OC's for 5 or more years. Findings in both studies require confirmation since they are inconsistent with other 
published information. 

2. Ocular Lesions—There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated 
with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of 
proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases 
frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none currently contained in 
OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in dogs. In humans, 3 case-control 
studies have reported an increased risk of endometrial carcinoma associated with prolonged use of exogenous estrogen 
in postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OC's. Of cases found in women without predisposing risk factors 
(e.g. irregular bleeding at the time OC's were first given, polysystic ovaries}, nearly all occurred in women who had used a 
sequential OC. These are no longer marketed. No evidence has been reported suggesting increased risk of endometrial cancer 
in users of conventional combination or progestogen-only OC's. Several studies have found no increase in breast cancer in 
women taking OC's or estrogens. One study, however, while also noting no overall increased risk of breast cancer in women on 
OC's, found an excess risk in subgroups of OC users with documented benign breast disease. Reduced occurrence of benign 
breast tumors in users of OC's has been well documented. In summary, there is at present no confirmed evidence from 
human studies of increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, nevertheless, 
essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or with breast nodules, fibrocystic 
disease, or abnormal mammograms should be monitored with particular care if they elect to use OC's. 

4. Hepatic Tumors—Benign hepatic adenomas have been found to be associated with the use of OC's. One study showed that 
OC's with high hormonal potency were associated with higher risk than lower potency OC's. Although benign, hepatic adenomas 
may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as well as 
long-term users. Two studies relate risk with duration of use of OC's, the risk being much greater after 4 or more years’ use. While 
hepatic adenoma is rare, it should be considered in women presenting abdominal pain and tenderness, abdominal mass or 
shock. A few cases of hepatocellular carcinoma have been reported in women on OC's. Relationship of these drugs to this type 
of malignancy is not known. s 

5. Useınor Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Offspring—Use of female 
sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has 







been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have increased risk of developing 
in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk has been estimated to be of the order of 
1 in 1,000 exposures or less. Although there is no evidence now that OC's further enhance risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OC's. Furthermore, 30 to 90% of such 
exposed women have been found to have epithelial changes of the vagina and cervix. Although these changes are histologically 
benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may develop 
abnormalities of the urogenital tract. Although similar data are not available with use of other estrogens, it cannot be 
Presumed they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with use of sex hormones, including OC's, in pregnancy. One case control study estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal tests for 
pregnancy, or attempted treatment for threatened abortion). Some exposures involved only a few days. Data suggest that 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 live births. In the past, female sex hormones 
have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable evidence that 
estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens are 
effective. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses from 
women who become pregnant soon after ceasing OC's. Embryos with these anomalies are virtually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown 
it is recommended that, for any patient who has missed 2 consecutive periods, pregnancy should be ruled out before continuing 
OCs. If the patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at time of 
first missed period, and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, 
the patient should be apprised of the potential risks to the fetus, and advisability of continuation of the pregnancy should 
be discussed. It is also recommended that women who discontinue OC's with intent of becoming pregnant use an alternate form 
of contraception for a period of time before attempting to conceive, Many clinicians recommend 3 months, although no 
precise information is available on which to base this. The administration of progestogen-estrogen combinations to induce 
withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease—Studies report increased risk of surgically confirmed gallbladder disease in users of OC's and 
estrogens. In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ use. In one of the other studies, 
increased risk was apparent between 6 and 12 months’ use 

7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has been observed in a significant percentage 
of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully observed while on OC's. Increase 
in triglycerides and total phospholipids has been observed in patients on OC's; clinical significance of this finding remains to 
be defined. 

8. Elevated Blood Pressure—Increase in blood pressure has been reported in patients on OC's. In some women, hypertension 
may occur within a few months of beginning OC's. In the Ist year of use, prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. Prevalence in users increases, however, with longer 
exposure, and in the Sth year of use is 2% to 3 times the reported prevalence in the 1st year. Age is also strongly correlated with 
development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely 
to develop elevation of blood pressure on OC's. Hypertension that develops as a result of taking OC's usually returns to normal 
after discontinuing the drug. 

9. Headache —Onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent, 
or severe, requires discontinuation of OC's and evaluation of the cause. 

10. Bleeding Irregularities—Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for patients discontinuing 
OCs. In breakthrough bleeding. as in all cases of irregular vaginal bleeding, nonfunctional causes should be borne in mind. 

In undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule 
Out pregnancy or malignancy. If pathology has been excluded, time or change to another OC may solve the problem. Changing 
to an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if 
necessary, since this may increase risk of thromboembolic disease. Women with past history of oligomenorrhea or secondary 
amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic 
after discontinuing OC's. Women with these pre-existing problems should be advised of this possibility and encouraged to use 
other methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

11. Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding—OC’s given in the postpartum period may interfere with lactation and decrease quantity and quality of 
breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the milk of mothers on OC's: effects, 
if any, on the breast-fed child have not been determined. If feasible, defer OC's until infant has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OC's, Pretreatment 
and periodic physical examinations should include special reference to blood pressure. breasts, abdomen and pelvic organs. 
including Pap smear and relevant laboratory tests. 

Asa general rule OC's should not be prescribed for longer than 1 year without another physical examination, 

2. Under influence of estrogen-progestogen preparations, pre-existing uterine leiomyomata may increase in size. 

3. Patients with history of psychic depression should be carefully observed and the drug discontinued if depression recurs 
to a serious degree. Patients becoming significantly depressed while on OC's should stop OC's and use an alternate method 
to try to determine whether the symptom is drug-related, 

4. OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, 
in patients with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome. 
asthma, or cardiac or renal insufficiency 

5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence while on OC's. If jaundice 
develops, OC's should be discontinued 

6. Steroid hormones may be poorly metabolized in patients with impaired liver function and should be administered 
with caution, 

7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency 
Clinical significance is undetermined. 

8. Serum folate levels may be depressed by OC's Since the pregnant woman is predisposed to development of folate deficiency 
and incidence of folate deficiency increases with increasing gestation, it is possible that if a woman becomes pregnant 
shortly after stopping OC's, she may have a greater chance of developing folate deficiency and complications attributed to 
this deficiency. 

9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 

10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OC's: a. 
Increased sulfobromophthalein retention. b. Increased prothrombin and factors VII, VIII, 1X, and X: decreased antithrombin 
3, increased norepinephrine-induced platelet ageregability. c. Increased thyroid-binding globulin (TBG) leading to increased 
circulating total-thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. 
Free T3 resin uptake is decreased, reflecting the elevated TBG: free T4 concentration is unaltered. d. Decreased pregnanediol 
excretion. e. Reduced response to metyrapone test. 

Information for the Patient—See Patient Package Labeling, 

Drug Interactions—Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant 
use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin 
and tetracycline. 

Carcinogenesis—See Warnings on carcinogenic potential of OC's, 

Pregnancy—Category X. See Contraindications, Warnings. 

Nursing Mothers—See Warnings. 

Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's (see Warnings): 
thrombophlebitis, pulmonary embolism, coronary thrombosis. cerebral thrombosis, cerebral hemorrhage. hypertension, 
gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and use of OC's although additional confirmatory studies 
are needed: mesenteric thrombosis, neuro-ocular lesions, e.g, retinal thrombosis and optic neuritis, 

The following adverse reactions have been reported in patients on OC's and are believed to be drug-related: nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the 
first cycle. Other reactions, as a general rule, are seen much less frequently or only occasionally. Gastrointestinal symptoms (such 
as abdominal cramps and bloating); breakthrough bleeding, spotting, change in menstrual flow; dysmenorrhea, amenorrhea 
during and after treatment, temporary infertility after discontinuance of treatment; edema; chloasma or melasma which 
may persist; breast changes: tenderness, enlargement, and secretion; change in weight (increase or decrease); change in 
cervical erosion and cervical secretion; possible diminution in lactation when given immediately postpartum; cholestatic 
jaundice: migraine; increase in size of uterine leiomyomata; rash 
{allergic}; mental depression: reduced tolerance to carbohydrates; 
vaginal candidiasis; change in corneal curvature (steepening), 
intolerance to contact lenses. 

The following adverse reactions have been reported in users of OC's, 
and the association has been neither confirmed nor refuted 
Ppremenstrual-like syndrome, cataracts, changes in libido, chorea, 
changes in appetite, cystitis-like syndrome, headache, nervousness, 
dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema 
nodosum, hemorrhagic eruption, vaginitis. porphyria, hemolytic 
uremic syndrome. 

Acute Overdose—Serious ill effects have not been reported following 
acute ingestion of large doses of OC's by young children. Overdosage 
may cause nausea, and withdrawal bleeding may occur in females. 
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In this lecture I intend to be a pragmatist and to 
discuss some of the ethical problems that we face in 
reproductive medicine. In doing this it must be re- 
membered that our objective is to do good and not 
harm. This is important to remember when many of 
the things we do are being denigrated at the present 
time. 

When we discuss ethics, there are three ethical prin- 
ciples in Western culture that were laid down in the 
Belmont Report’: (1) Respect for persons. There are 
two parts to this principle: (a) Autonomy. This requires 
that competent people be governed by their own wishes 
and preferences and that competence be preserved in 
the case of adult persons and, in adolescence, we show 
on a case-to-case basis that they possess adequate un- 
derstanding and a capacity to bear the consequences of 
autonomous decision making. (b) Protection of the vul- 
nerable. This requires that guardianship be exercised 
over children, adolescents, and impaired adults who 
are incapable of autonomy. (2) Beneficence. This prin- 
ciple goes beyond the negative medical ethic, “Do no 
harm,” by imposing a positive duty to seek good, if 
necessary, by initiating action that will advance the wel- 
fare of individuals and communities. (3) Justice. This 
principle is directed to the achievement of fairness in 
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dealings among people, for instance, by seeking to en- 
sure that the intended beneficence of a development 
will bear its risks and pay its costs appropriately and 
that one group of people will not be sacrificed to the 
benefit of another. 

Traditionally Western ethics has tended to concen- 
trate on ethical relationships between individuals. 
Other religions and political cultures have given pri- 
macy to the collectivity of the group or state as the focal 
point of ethical concern and have considered the in- 
dividual owes duties and enjoys rights to protection 
through membership of the group or nation. 

Ethical principles can be applied at two levels: (1) 
macroethics and (2) microethics. Macroethics is con- 
cerned with the public good or good of the community 
whereas microethics is concerned with the individual. 
These two may be in conflict. An example will illustrate 
this. In the practice of in vitro fertilization, if a large 
number of embryos are transferred to the uterus, the 
likelihood of pregnancy is greater and this is obviously 
good for the individual patient. However, at the same 
time the likelihood of multiple pregnancy is greatly 
increased. The babies resulting are likely to occupy 
many special baby care units and prevent many other 
babies from having care—not in the interests of the 
community. 

With regard to some of the new techniques that have 
become available, such as in vitro fertilization, prenatal 
diagnosis, and fetal sex selection, in our pluralistic so- 
ciety it is not to be expected that any one set of prin- 
ciples can be enunciated that will be completely ac- 
ceptable to everyone. This does not mean that the 
enunciation of principles is arbitrary or that there is no 
public morality at all. The law itself is binding on each 
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person in society, whatever his or her beliefs, and is.the 
embodiment of a common moral position. It sets out a 
framework of what is morally acceptable within society. 
When the Warnock Committee, on which I had the 
privilege of serving, reported,’ it considered that it rec- 
ommended a kind of society that we could “praise and 
admire” even if in detail we would individually wish it 
were different. Of course, within the broad limits laid 
down for society there is room for different and in some 
cases more stringent moral rules. What is legally per- 
missible may be thought of as a minimum requirement 
for a tolerable society. Individuals or communities may 
voluntarily adopt more exacting standards. Abortion is 
a good example of this. While the law allowing abortion 
in the United Kingdom (the Abortion Act 1967) may 
be appropriate for the country at large, there are cer- 
tain groups who feel it is quite wrong to have abortion 
at all and‘who therefore do not allow it in their own 
group. What they should not do, however, is force their 
restrictive views on the general public. 

It is generally agreed barriers have to be set up, but 
there will not be universal agreement about where the 
barriers should be placed. Basically the question is, ul- 
timately, what kind of society can we praise and admire? 
In what sort of society can we live with a clear con- 
science? These are the general moral principles that 
apply to the subject of human reproduction and to 
many other spheres of society. 

I would now like to look at some of the different 
aspects that give rise to ethical problems in reproduc- 
tion today. It is true that our specialty is perhaps in the 
forefront of ethical problems today and this has become 
accentuated in recent years. The ability to produce hu- 
man embryos outside the uterus has made society re- 
think the whole question of the creation of life and 
what it means, and the new techniques of prenatal di- 
agnosis, fetal therapy, and embryo research, to mehtion 
only a few, pose ethical problems that have not been 
thought of before. They have overtaken society and 
some rules that have been unchallenged for centuries 
are now undergoing scrutiny. This has caused society 
considerable unease. Many of the problems are inter- 
related and discussion of them will illustrate those that 
face us in reproductive medicine today. 

The arguments for and against abortion have been 
rehearsed again and again and have recently been 
made again in the U.S. in the Webster case. As I have 
already mentioned, the law lays down broad principles 
and groups that usually represent a vociferous minority 
should not be allowed to make the rules too stringent 
so that others suffer. There is a danger of this at the 
present time. That is not to say that some changes 
should not be made as new developments occur. For 
instance, in the United Kingdom at the present time 
the upper limit at which abortion can be done is 28 
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weeks. This is now too late in the light of modern ad- 
vances in neonatal care. The Royal College of Obste- 
tricians and Gynaecologists would like to reduce it to 
24 weeks so that termination for genetic causes of fetal 
abnormality can still be done.* I think there would be 
little opposition to this but some campaigners wish it 
reduced to 18 weeks. This group really would like to 
see abortion banned altogether. I think it will be un- 
fortunate if the U.S. introduces very stringent abortion 
laws across all the states because the U.S. is very influ- 
ential in the world and indeed, if a country has abortion 
included in its family planning program, it will not 
receive aid from the U.S. for the program. There is a 
macroethical point to be made here. Anyone who has 
traveled in developing countries will realize that at the 
present time abortion is essential if the population i is to 
be controlled and the standard of living improved. Fur- 
thermore, throughout the world 500,000 women die 
every year from causes associated with pregnancy and 
childbirth. At least 100,000 (20%) die from complica- 
tions of illegal abortion. Can we allow this to happen? 
Is it ethical not to have legalized abortion if this could 
save many of these women’s lives? . 

Abortion leads me on to the question of sex selection 
(in other words, abortion because the fetus is not the 
desired sex). In Western cultures this is unacceptable, 
but in cultures such as Muslim, abortion because of 
unwanted sex is practiced. Whether this is acceptable 
therefore depends on the ethical values of the culture 
in which a person lives. In our society the only reason 
for knowing the fetal sex antenatally is to prevent a 
genetic abnormality that is sex linked, where the child 
of one.sex would have.a 50-50 chance of having a ge- 
netic disease. A fetus of a particular sex could therefore 
be aborted for this reason. The question of antenatal 
screening for fetal abnormality also arises in this con- 
text. Some find this unacceptable and argue that one 
person’ cannot decide the quality of life that would be 
acceptable to another person and that all life should be 
respected. This would be the view of the so-called “pro- 
life” lobby. I would argue that it could be unethical to 
produce children with severe handicap when this can 
be prevented, but I realize that others consider that all 
life should be preserved even if handicapped. 

In recent years it has become possible to treat the 
fetus in utero. Ureteric obstruction, where fetal urine 
can be removed to prevent hydronephrosis, is one such 
example. A difficulty in this case is that a child may 
survive in a handicapped condition rather than die and 
one wonders about the ethics of this. 

Many antenatal procedures for the benefit of the 
fetus cause some risk to the mother. Supposing she says 
no to these procedures? Can she be forced to have 
treatment for her baby against her wishes and at some 
risk to herself? In some countries she can be forced to 


Volume 162 
Number 4 


have treatment, which might include cesarean section, 
for her baby against her wishes, the argument here 
being that, because she has decided to carry a child, it 
is incumbent on her to do all she can to make it as 
healthy as possible. This can therefore produce an eth- 
ical problem, but it is usual in Western society for the 
mother’s wish to prevail, although this is not so in all 
cultures. 

A new area that requires ethical consideration is the 
question of transplanting organs from abnormal babies 
such as those who are anencephalic. For example, kid- 
neys from anencephalic infants have been transplanted 
-to babies with renal agenesis with success and hearts 
also have been transplanted. Some parents, realizing 
that their child is abnormal and will not live, ask that 
use be made of the organs for a handicapped child. 
The ethical difficulties here are great and involve de- 
ciding when the abnormal infant should-be declared 
dead because in cases of anencephaly the adult criteria 
for brain death do not apply. 

The ethical difficulties I have discussed so far have 
been concerned with pregnancy and delivery, and I 
would now like to consider artificial or assisted repro- 
duction. This means reproduction where a third party, 
not just a couple, is involved in the process of pro- 
creation. When Louise Brown was born in 1978, a new 
era in ethics and reproduction began. Some areas of 
assisted reproduction such as donor insemination have 
now been widely accepted although there are some who 
would not wish this for themselves. While the majority 
of the population in the United Kingdom have accepted 
in vitro fertilization, many are anxious about possible 
developments. It is really the arguments that are based 
on the consequences of in vitro fertilization that are the 
problem. The reservations start when in vitro fertiliza- 
tion results in more embryos being brought into exis- 
tence than will be transferred to the mother’s uterus. 
It is argued that it is not acceptable to deliberately pro- 
duce embryos that have a potential for human life when 
that potential will never be realized. It is usual to replace 
three or four embryos to avoid the possibility of mul- 
tiple pregnancy. What should happen to the “spare 
embryos”? In many centers they can now be frozen and 
used in subsequent cycles if the first transfer is not 
successful. Freezing is not, however, available in many 
centers and it also presents problems as to disposal if 
one or both parents die. The question of what to do 
with spare embryos is also bound up with research on 
embryos—a very contentious area. 

The development of in vitro fertilization gave rise 
for the first time to the possibility that human embryos 
might be brought into existence but would not have a 
chance of implanting because they were not transferred 
to a uterus and would therefore have no chance of 
being born. Those who oppose in vitro fertilization and 
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-embryo research hold that no human embryo should 


be deprived of a chance for development and therefore 
must be transferred and not used for research. These 
people argue that the human embryo begins at con- 
ception and from this time forward the embryo should 
be treated in the same way as a child or an adult by 
virtue of its potential for human life. The right to life 
is held to be a fundamental human right and the taking 
of human life in this view will always be abhorrent. 
They would state that it is completely unacceptable to 
make use of a child or an adult as a subject of a research 
procedure that may cause harm or death and the same 
applies to the human embryo. This controversy is con- 
cerned with reconciling the biologic and philosophic 
points of view and revolves round the question, when 
does a human person begin? A good analysis of this is 
in the book When did I begin by Dr. Norman Ford, Mas- 
ter of a Catholic Theological College in Melbourne.’ 
He gives an excellent exposé of the subject and, as a 
leading theologian and moral philosopher conversant 
with modern embryology, is well qualified to bridge the 
gap between the biologic and philosophic points of 
view. He states that the answer as to when life begins 
is to be given by philosophic reflection and that there 
are a number of interpretations. Some say that life be- 
gins at the stage of viability, when the fetus can survive 
after birth. Those who give more importance to the 
metaphysical approach contend that personhood be- 
gins much earlier in development. Some will say that 
a human person is present when a zygote is constituted 
with the potential to develop into one or more adult 
human individuals, while others, which include Dr. 
Ford, draw the line 2 weeks later, when a living indi- 
vidual human body is formed with the active potential 
to develop further without change in ontologic identity. 
Dr. Ford would view the development in the first 2 
weeks after fetal life as development into a human in- 
dividual rather than development of a human person. 

The crucial time, which was that used in the Warnock 
Report, is the appearance of the primitive streak. It is 
a preembryo before that time and, while deserving re- 
spect because of its human potential, does not deserve 
the same respect as an adult or a child. In other words 
a potential person does not deserve the same respect 
as an actual person. Thus the Warnock Committee rec- 
ommended that research on human embryos could be 
carried out up to the end of the fourteenth day after 
fertilization, a view also supported by the Ethics Com- 
mittee of the American Fertility Society.® 

The view that the developing fetus acquires increas- 
ing respect and protection as pregnancy advances in 
development is also supported by the eminent Anglican 
theologian, Professor G. R. Dunstan, who traces this 
view back through history.’ At the present time the law 
in the United Kingdom does not recognize the growing 
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child until what is called viability—at present, 28 weeks. 
This is obviously too late because of the advances that 
have been made in the care of very small babies. As 
previously mentioned, the Royal College of Obstetri- 
cians and Gynaecologists has recently produced a doc- 
ument suggesting that the age of viability should be 
reduced to 24 weeks and we hope the law will be 
changed accordingly. The question of when life begins 
is an extremely complex one and can be answered only 
in moral terms that will vary from one morality to an- 
other. No one theory of when life begins should be 
used from a legal point of view—a view held until 
recently by the U.S. Supreme Court—but the recent 
Webster case seems to have thrown doubt on this. 

With regard to these developments many are afraid 
of the consequences and here the “slippery slope” ar- 
gument is frequently used. It is said that once a foot is 
set on the slippery slope of, for example, the creation 
of embryos for research, no end can be seen to the 
danger. However, it is possible to block the slippery 
slope at any stage and there is no need to go the whole 
way down. It should also be remembered that much 
research had to be done before in ‘vitro fertilization 
became successful. If one accepts in vitro fertilization, 
one should also accept the experimentation that went 
before and that should continue so that the method 
can be improved. The present “take-home baby rate” 
is, overall, about 10% per treatment cycle.® It could be 
argued that it is unethical not to try to improve this 
poor rate. 

The other most contentious area (the first was em- 
bryo research) that resulted from the Warnock Report 
was the question of surrogacy. This form of overcoming 
infertility in a couple has developed much further in 
the United States-than in the United Kingdom. Indeed 
commercial surrogacy has been prohibited by law in 
the United Kingdom (Surrogacy Act 1985). There is 
no doubt that surrogacy has been going on “naturally” 
for a long time but the change that has occurred is the 
use of in vitro fertilization for surrogacy. The weight 
of public opinion in the United Kingdom favors a re- 
strictive approach to surrogacy, and there are many 
arguments against it, such as the belief that women 
should not deliberately become pregnant with the in- 
tention of giving away the child because this is consid- 
ered unethical. It is also believed that surrogacy is de- 
grading to the child since, for all practical purposes, it 
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has been bought with money. However, it is a method 
of overcoming the problem of an infertile couple, and 
with the use of in vitro fertilization the couple can pro- 
vide the male and female gametes for the child, which 
is theirs genetically. This is where in vitro fertilization 
is useful; however, there are other problems. When a 
woman donates her egg for a surrogate pregnancy, who 
is the mother of the child? Is it the woman who provides 
the egg or the one who carries and gives birth to the 
child? If you say that the woman who carries and gives 
birth to the child is not the mother, you are into very 
difficult ethical waters. 

One of the reasons there have been so many ethical 
problems over the past decade is that medical science 
has advanced more rapidly than public opinion and has 
not taken public opinion along by giving good infor- 
mation about these new developments. “Society” is sus- 
picious that we are doing things “they” do not like. In 
the future we have to be much more open and have 
wide discussion earlier in these developments. At the 
end of the day macroethics will prevail. As Dr. Ryan 
said in the Fifty-first Joseph Price Oration,’ we are not 
interested in the power that the new technology gives 
us in reproductive medicine but we are interested in 
doing good in the world. 
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Immunohistochemical techniques were used to evaluate the expression of six antigens (CA 125, TAG 72, 
CA 19-9, OVTL3, DF3, and transferrin receptor) in frozen sections from the primary tumor and metastases 
of 20 patients with epithelial ovarian cancer. Heterogeneous expression of most antigens was observed 
within a given tumor nodule, but in each patient the proportion of cells expressing an antigen was similar 
in the primary tumor and metastases. To explore the stability of the antigenic phenotype of individual cells, 
we studied CA 125 expression in an ovarian cancer cell line. Cells were separated into CA 125—positive 
and -negative groups using fluorescence-activated cell sorting. After the two groups of cells were 
recultured separately, only 38% of cells originally sorted as CA 125 positive still expressed CA 125, 
whereas 27% of cells sorted as CA 125 negative expressed CA 125. That cells may gain or lose CA 125 
expression in culture suggests that expression of CA 125 by ovarian cancer cells is not a stable trait. 


(Am J Osstet GYNECOL 1990;162:883-8.) 
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Since the advent of hybridoma technology, several 
epithelial ovarian cancer—associated antigens have 
been identified.' The murine monoclonal antibodies 
that define these antigens react with most but not all 
epithelial ovarian cancers and also bind to many ad- 
enocarcinomas from other sites. Conversely, several 
monoclonal antibodies raised against adenocarcinomas 
from other primary sites bind to many epithelial ovar- 
ian cancers. The earliest clinical application of mono- 
clonal reagents in the management of ovarian cancer 
has been to define novel serum markers. Serum levels 
of CA 125, TAG 72, DF3, and CA 19-9 can be elevated 
in patients with ovarian cancer. CA 125 has been eval- 
uated most extensively in ovarian cancer, to monitor 
tumor burden during treatment,’ to identify residual 
disease before second-look surveillance procedures,’ 
and to distinguish benign from malignant pelvic 
masses.“ 

Most recently, monoclonal reagents also have been 
used for diagnosing and treating ovarian cancer in vivo. 
Monoclonal antibodies conjugated with radioisotopes 
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have been used for radionuclide imaging of ovarian 
cancers in situ. In addition, various toxins conjugated 
with monoclonal antibodies increase survival of nude 
mice that bear human ovarian tumor heterografts.® 
Clinical trials are now being conducted to explore the 
utility of these immunoconjugates in the diagnosis and 
treatment of ovarian cancer. 

The ideal monoclonal antibody for imaging or ther- 
apy should bind strongly to every tumor cell but not to 
normal cells. In practice, however, each of the known 
tumor-associated antigens has been detected in some 
normal adult tissues.' In ovarian cancers, many of these 
antigens are expressed by a large proportion of cells, 
but frequently not all cells within an individual tumor 
express detectable antigen.’ An additional considera- 
tion is- that most ovarian cancers spread diffusely 
throughout the peritoneal cavity, studding all serosal 
surfaces with metastatic nodules. Since each of these 
nodules arises from a few tumor cells, heterogeneity of 
antigen expression in the primary tumor might lead to 
metastases that are entirely antigen positive or antigen 
negative. 

To address this issue, we characterized expression of 
six tumor-associated antigens (CA 125, TAG 72,°° CA 
19-9,'° OVTL3," DF3,’?* and transferrin receptor") 
in the primary tumor and metastases of 20 patients with 
advanced epithelial ovarian cancer. In addition, we ex- 
amined tumor from more than one operation in four 
of these patients to determine whether antigen expres- 
sion is substantially altered during the course of treat- 
ment. Finally, we used a human epithelial ovarian car- 
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Table I. Tumor-associated antigens 
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f Antigen. Immunogen l Antibody References 


CA 125 Serous ovarian cancer OC 125 2-4 
TAG 72 Breast cancer B72.3 8,9 

_ CA 19-9 Colon cancer CA 19-9 10 
OVTL3 Endometrioid ovarian cancer OVTL3 ll 
DF3 Breast cancer DF3 12, 13 
Traasferrin receptor Breast cancer 454A 12 14 





cinoma cell line to study heterogeneity of antigen 
expression in ovarian cancer and to test whether tumor 
cells that express or fail to express CA 125 produce 
colonies that are entirely antigen positive or antigen 
negative. 


Material and methods 


Patients. Multiple samples of intraperitoneal ovarian 
cancer tissue were obtained from 24 patients who un- 
derwent exploratory laparotomy in conjunction with 
treatment for advanced, persistent, or recurrent epi- 
thelial ovarian cancer at Duke University Medical Cen- 
ter from 1986 to 1988. In four cases the tissue samples 
were inadequate for immunohistochemical analysis due 
to extensive necrosis or a paucity of tumor cells in the 
specimens. Among the remaining 20 patients, in 14 
cases tumor was obtained at the primary debulking pro- 
cedure, whereas in 6 patients tumor initially was ob- 
tained at a subsequent surgical procedure after che- 
motherapy. In 4 of the 20 patients, tumor tissue from 
more than one operation was available. 

All of the patients were found at laparotomy to have 
multiple intraperitoneal implants of ovarian cancer. 
Seventeen patients had pure serous histologic findings, 
two patients had mixed clear cell and serous histologic 
findings, and one patient had mixed mucinous and 
serous histologic firidings. The histologic grade was well 
differentiated in one case, moderately differentiated in 
six cases, and poorly differentiated in 13 cases. After 
surgery, treatment was with cisplatin-based combina- 
tion chemotherapy. At the end of the study, 2 patients 
were alive with no evidence of disease, 8 patients were 
alive with disease, and 10 patients were dead of disease. 
The median survival of the entire group was 16 months. 

Monoclonal antibodies. Purified immunoglobulin 
preparations were used for all immunchistochemical 
studies. OC 125, B72.3, CA 19-9, OVTL3, DF3, and 
A2C6 (a murine monoclonal antibody raised against a 
human hepatitis B virus) were obtained from Centocor 
(Malvern, Pa.). 454A 12 was provided by the Cetus Cor- 
poration (Emeryville, Calif.). Information on the an- 
tigenic determinant recognized by each antibody is 
listed in Table I. 

Immunohistochemistry. All tissue samples were 
snap frozen and stored at — 70° C until analyzed. Tissue 
samples were frozen in Tissue Tek O.C.T. compound 


(Ames Division, Miles Laboratories, Elkhart, Ind.) and 
6 pm thick cryosections were mounted on plain glass 
slides. Slides were air dried for 1 hour and then in- 
cubated for 10 minutes in 0.1 M phosphate buffered 
saline solution with 0.3% hydrogen peroxide to neu- 
tralize endogenous peroxidase. The slides were fixed 
in acetone for 10 minutes at room temperature and 
then rehydrated in phosphate buffered saline solution. 

Immunohistochemical staining was performed using 
the Vectastain ABC kit (Vector Laboratories, Burlin- 
game, Calif.). Slides were placed in a humidified cham- 
ber and incubated for 15 minutes with several drops 
of a 1:200 dilution of horse serum in phosphate buff- 
ered saline solution. Then 70 pl of primary antibody 
was applied over the tissue sections for 30 minutes at 
a concentration of 5 pg/ml. After washing with phos- 
phate buffered saline solution, biotinylated goat anti- 
mouse IgG antibody was added for 20 minutes followed 
by the avidin-peroxidase complex. Finally, the slides 
were developed with the enzyme substrate diamino- 
benzidene (5 mg/ml) with 0.03% hydrogen peroxide. 
Tissue sections were counterstained with methyl green 
and mounted with Crystal Mount (Lerner Laboratories, 
Pittsburgh, Pa.). 

Immunohistochemical localization of tumor- 
associated antigens was evaluated by two observers us- 
ing a double-headed microscope. First, a section stained 
with hematoxylin and eosin was examined to evaluate 
the histology. Then the control slide stained with A2C6 
was examined to assess nonspecific staining. Finally, the 
slide‘in which a monoclonal antibody reactive with a 
tumor-associated antigen was used as the primary an- 
tibody was examined and the percentage of cancer cells 
stained was estimated. Because immunohistochemical 
techniques are semiquantitative, a simple scoring sys- 
tem was used. Slides were scored as follows: —, staining 
not greater than control slide; +, up to 50% of tumor 
cells staining; + +, 51% to 90% of tumor cells staining; 
and +++, >90% of tumor cells staining. Slides were 
coded and reviewed by a third observer who was un- 
aware of the antibody or source of tissue. Differences 
between observers were resolved by consensus. 

Cell culture. The OVCA 429 cell line was established 
previously in collaboration with Dr. Herbert Lazarus 
using cells obtained from ascites of a patient with ad- 
vanced epithelial ovarian cancer.” Cells were grown in 
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Table II. Tumor-associated antigen expression in epithelial ovarian cancer 












No. of sites 












Antigen* 


l S P 8 ++/++4+ tlt+ '++/++4+4 +44 
2 S P 3 +++ = ~ t+ +b + +++ 
3 S P 5 ++ + — +++ +++ +++ 
SL 3 ++ + a +++ +++ ++ 
4 S P 5 +tl/te+ ++ = +++ +++ tt/+44 
5 S P 5 +/+ + ++ E +++ +++ +t+/t++ 
6 S/Q P 5 ++/+++ —- - +++ - t+/++4 
7 S P 4 ++ - 5 +t+HI+t++ +44 +++ 
SL I +++ = - +++ +++ ++ 
8 S P 7 +++ + z +++ +++ +++ 
9 S P 10 +/++ -4+ -= ++/+++ č +4/+++ ++ 
10 S P 5 ++/+4+4+4 -l+ - ++/+++ +++ ++ 
SL L “++ + =- +++ +++ ++ 
lI S P 5 +++ ++ - +++ +++ ++ 
12 S P 4 ++ + ra +++ +++ + 
13 S P 4 + ++ - +++ +++ ++/+t++ 
14 S P 3 ++ + = +++ +++ ++ 
15 S L 6 +++ =1+ ++ +++ +++ +++ 
16 S L 3 +++ - - +++ ++/t++ +++ 
17 S L 2 +++ +++ + +++ +++ +++ 
L 1 ++ ++ + +++ +++ ++ 
18 S/C L 3 ++ + = +++ +++ +++ 
19 S/M L 5 +/4++ +++ +++ ++ +++ ++ 
20 S L 4 = = - +++ +++ = 


S, Serous; P, primary surgery; SL, second-look operation; C, clear cell; L, other laparotomy; M, mucinous. 
*—, Staining not greater than control; +, up to 50% of cells staining; + +, 51% to 90% of cells staining; + + +, >90% of 


cells staining. 


culture medium containing modified Eagle medium 
(Hazelton Research Products, Lanexa, Kan.) supple- 
mented with 10% heat-inactivated fetal bovine serum 
(Gibco Laboratories, Grand Island, N.Y.), 2 mM glu- 
tamine, 1% nonessential amino acids, | mM sodium 
pyruvate, 1000 U/ml penicillin, and 100 pg/ml strep- 
tomycin. Cells were grown at 37° C in 5% CO, and 95% 
humidified air. Cells were tested bimonthly for myco- 
plasma contamination and results were consistently 
negative. 

Flow cytometry. A saturating concentration (5 
ug/ml) of OC 125 monoclonal antibody directly con- 
jugated to fluorescein isothiocyanate was added to 
1 x 10’ trypsinized OVCA 429 cells. After incubation 
for 30 min at 4° C, the sample was washed twice in 
modified Eagle medium containing 5% fetal bovine se- 
rum and resuspended in a final volume of 5 ml. Binding 
of OC 125 to the OVCA 429 cell line was determined 
using an EPICS 753 fluorescence-activated cell sorter 
(Coulter Electronics, Hialeah, Fla.). After pregating to 
eliminate nonviable cells and cellular debris using for- 
ward angle and orthogonal light scatter, cells were 
sorted on the basis of green fluorescence into two pop- 
ulations, OC 125 positive and.OC 125 negative. Each 
population had a purity of >97%. After being grown 
in culture for three weeks, cells were trypsinized and 
reanalyzed for OC 125 binding using direct immuno- 
fluorescent labeling followed by flow cytometry. 


Results 


Expression of antigens by primary tumors and me- 
tastases. The pattern of reactivity of each patient’s tu- 
mor with the panel of monoclonal antibodies is de- 
scribed in Table II. Heterogeneous expression of most 
antigens was observed within a given tumor nodule, 
but in each patient the proportion of cells expressing 
an antigen was similar in the primary tumor and me- 
tastases. In addition, in four patients in whom tumor 
was available from two operations, we found that an- 
tigen expression did not change significantly between 
operations. 

DF3 and OVTL3 were expressed by >50% of cancer 
cells in most cases. In addition, monoclonal antibody 
454A12, which binds to the transferring receptor, 
stained the majority of cells in most tumors. CA 19-9 
was detected in only 15% of the tumors, and in none 
of these tumors were all cancer cells stained. The 
strongest expression of CA 19-9 was seen in the one 
mucinous tumor. CA 19-9 was expressed by only 2 of 
19 serous tumors. The most varied spectrum of staining 
between tumors from different patients was seen with 
monoclonal antibody B72.3, although no difference in 


staining was noted from site to site in the same patient. 


The percentage of cells stained from different patients 
ranged from none to 99%. 

Among the 14 patients in whom tumor samples were 
obtained at the initial surgical exploration, a total of 59 
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Table III. Consistency of antigen expression between the primary tumor and metastases 








% of cells stained 


in primary* 
cr meso 0 0 0 
++ 0 9 10 
+ 9 l1 0 
= 18 1 0 


% of cells stained in metastases* 





+ 
0 0 0 0 - 0 
0 0 0 0 0 
0 0 0 0 0 
0. 57 0 0 0 


*—, Staining not greater than control; +, up to 50% of cells staining, ++, 51% to 90% of cells staining; +++, >90% of 


cells staining. 


metastatic sites were examined., For each of the anti- 
gens, adequate tissue sections were available in 57 or 
58 cases. The correlation between the proportion of 
cells staining in the 14 primary tumors and 59 metas- 
tases is listed in Table III. For each antigen, most me- 
tastases fell in the same category as the primary tumor. 
In all cases in which the proportion of cells stained 
varied between metastases and the primary tumor, the 
difference was within one category. 

In 18 patients, =50% of tumor cells expressed CA 
125 (Table IV). Like the other antigens, the proportion 
of cells expressing CA 125 was similar in the primary 
tumor and metastases. Serum CA 125 levels in these 
18 patients ranged from 162 to 9960 U/ml (normal is 
<35 U/ml). One patient in whom <50% of cells were 
stained had a serum CA 125 level of 23 U/ml. Another 
patient whose tumor did not stain with OC 125 had a 
serum CA 125 level of 20 U/ml. Thus low or absent 
CA 125 expression at the cellular level was associated 
with a normal serum CA 125 level. 

Stability of the antigenic phenotype. To test whether 
subpopulations of tumor cells could establish clones 
that differed in their ability to express antigen, OVCA 
429 cells were sorted into CA 125—positive and CA 
125—negative groups using a fluorescence-activated cell 
sorter. Before separation, 54% of cells were CA 125 
positive and 46% were CA 125 negative. Cells were 
separated into CA 125—positive and CA 125—negative 
populations, each with >97% purity. These two groups 
of cells were recultured separately for 3 weeks, after 
which CA 125 expression in the culture plates was then 
reevaluated with flow cytometry. Among the cells ini- 
tially sorted as CA 125 positive, only 38% still expressed 
CA 125. Conversely, among the cells that were initially 
sorted as CA 125 negative, 27% regained CA 125 
expression. 


Comment 


During the past decade a substantial number of mu- 
rine monoclonal antibodies have been raised against 
human cancers. Although some of the antigenic deter- 
minants with which these antibodies react have been 
characterized, many antibodies bind to epitopes on 


molecules whose function remains poorly understood. 
CA 19-9 reacts with carbohydrate determinants present 
on glycolipids and glycoproteins due to altered glyco- 
sylation of Lewis blood group structures.’* In contrast, 
OC 125 reacts with a high-molecular-weight glycopro- 
tein of unknown function whose smallest subunit is 
>200 kd. CA 125 is shed from the cell surface, and 
measurement of serum CA 125 levels has proven useful 
in following the clinical course of disease in patients 
with epithelial ovarian cancer.’ Similarly, DF3 has some 
utility in monitoring patients with breast cancer.’* Other 
monoclonal antibodies react with cell membrane re- 
ceptors. Among the antibodies we used, 454A12 reacts 
with the transferrin receptor. Other antigens such as 
TAG 72 and OVTL3 are also associated with the cell 
membrane, although they usually are not shed in sig- 
nificant amounts. These latter antigens may be the 
most useful targets against which to direct immuno- 
conjugates. 

If monoclonal antibodies are to be used to localize 
tumor for both diagnostic and therapeutic purposes, 
we must increase our understanding of the distribution, 
regulation, and metabolism of tumor-associated anti- 
gens in both normal individuals and those with cancer. 
Because most patients with epithelial ovarian cancer 
have diffusely disseminated intraperitoneal disease at 
diagnosis, determining whether antigens found in the 


. primary tumor are consistently expressed by metastases 


is particularly important. 

We found that expression of six tumor-associated 
antigens was consistent between the primary tumor and 
metastases in patients with advanced epithelial ovarian 
cancer. These results are consistent with a prior study 
of TAG 72 expression in epithelial ovarian cancer, in 
which antigenic expression was consistent between sites 
in a few patients in whom multiple sites were exam- 
ined.’ In addition, as in the present study, investigators 
at Memorial Sloan-Kettering Cancer Center found that 
expression of 19 antigens was not altered after che- 
motherapy in 10 patients with ovarian cancer.” Con- 
versely, in a study involving eight different monoclonal 
antibodies and 14 pairs of tissue specimens, new anti- 
gen appeared in four instances, at least one antigen was 
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% of cells stained in metastases* 








0 
0 
0 
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Table IV. CA 125 expression in epithelial ovarian cancer 








Patient 
No. 





l] P ttt +++ +++ 
2 P a +++ +++ 
3 P ++ ++ ++ ++ 
SL ++ ++ ++ 
4 P +++ ++ +++ +++ 
5 P + ++ ++ ++ 
6 P +++ +++ ++ ++ 
7 P ++ ++ ++ i 
SL +++ 
8 P +++ +++ +++ +++ 
9 P ++ ++ ++ ++ 
10 P +++ +++ +++ ++ 
SL ++ 
lI P +++ ttt vbt 44+ 
12 P ++ ++ ++ ++ 
13 P + + + + 
14 P ++ ++ ++ 
15 L FEE FEF, +44 
16 L +++ +++ +++ 
17 L +++ +44 
L ++ 
18 L ++ ++ ++ 
19 L ++ ++ + 
20 L - = - 


454A12 


0 0 23 
5 0 0 9 3 
0 0 3 0 0 
0 0 0 0 0 






Serum 
CA 125 
(U/ml) 





++ ++ 9963 

100 

++ 700 
+++ 1036 
+++ 2942 
++ 162 
146 

+++ +++ +++ 2600 
++ ++ ++ ++ + ++ 4780 
++ 2181 
+++ 1093 
292 

23 

126 

+++ +++ +++ 1745 
z 600 

1100 

3400 

i 275 
= l 20 





P, Primary surgery; SL, second-look operation; L, other laparotomy. ; 
*—, Staining not greater than control; +, up to 50% of cells staining; ++, 51% to 90% of cells staining; +++, >90% of 


cells staining. 
t Inadequate tissue. 


lost in six, and both gain and loss was observed in three. 
These differences may have been related in part to the 
inclusion of MOV-2 and CEA epitopes in this panel 
(Welch WR, Niloff JM, Anderson D, et al. Antigenic 


heterogeneity in human ovarian cancer. Unpublished . 


observations). 

Presently, immunoconjugate scanning protocols and 
therapeutic immunotoxin trials use a single monoclonal 
antibody that is known to react with a high proportion 
of ovarian cancers. Each patient’s tumor is not tested 
for reactivity with that antibody before entry into the 
protocol. In the future, however, if these modalities are 
found to be useful, each patient’s tumor could be 
screened with a panel of antibodies. Information re- 


garding the antigenic phenotype could then be used to 
select an antibody or group of antibodies that bind 
strongly to that patient’s tumor, and an appropriate 
immunoconjugate could be constructed. The results of 
these studies suggest that the pattern of antigen expres- 
sion of a patient’s tumor is consistent between the pri- 
mary tumor and metastases and can be determined 
accurately by examining a single adequate sample of 
tumor. 

We also must learn more about each of the tumor- 
associated antigens to determine which of these are the 
most appropriate targets for immunoconjugates. In- 
formation on the distribution of these antigens in nor- 
mal tissues is particularly important if immunoconju- 
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gates are expected to bind specifically to the cancer. 
Although often some antigens such as DF3 and trans- 
ferrin receptor were expressed by almost every cancer 
cell, these antigens are also expressed by some normal 
tissues. On the other hand, antigens such as CA 125, 
CA 19-9, and TAG 72 often are expressed by only a 
proportion of cells within a tumor nodule. An increased 
understanding of the factors responsible for this het- 
erogeneous pattern of expression is desirable. 

Because we frequently observed CA 125—negative 
cells within a tumor, we studied the stability of CA 125 
expression over time in an ovarian cancer cell line in 
culture. Cells were sorted into CA 125—positive and CA 
125—negative populations. After reculturing for 3 
weeks, the original heterogeneous pattern of anti- 
genic expression was recapitulated in both the CA 125- 
negative and CA 125—-positive cultures. These results 
suggest that antigen-negative cells within a tumor have 
not permanently lost the ability to express CA 125. 
Further studies are needed to identify the factors that 
regulate CA 125 expression and other antigens that are 
expressed heterogeneously. Increasing the expression 
of these antigens might augment their effectiveness as 
targets for immunoconjugates. 


We thank Regina Whitaker for expert technical as- 
sistance and Bennie Penny for editorial assistance. 
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Cytokine-mediated regulation of ovarian function: Tumor 


necrosis factor a inhibits gonadotropin-supported progesterone 
accumulation by differentiating and luteinized murine 


granulosa cells 


Eli Y. Adashi, MD,* Carol E. Resnick, BS, Jeffrey N. Packman, BA, Arye Hurwitz, MD, 


and Donna W. Payne, PhD 
Baltimore, Maryland 


Current views favor the notion that resident ovarian macrophages play an in situ role in the regulation of 
ovarian function through the local secretion of regulatory molecule(s) (i.e., cytokines). Herein we report on 
the potential ovarian relevance of one such macrophage product, tumor necrosis factor (TNF) a, a 
polypeptide capable of oncolytic as well as pleiotropic noncytotoxic biologic activities. Our findings suggest 
that the ability of TNFa to diminish the gonadotropin-supported accumulation of progesterone by 
granulosa/luteal cells is largely due to attenuation of key biosynthetic steps leading to progesterone 
production. These findings are in keeping with the notion that TNFa, possibly of intraovarian (e.g., 
macrophage or granulosa cell) origin, may comprose the centerpiece of a regulatory loop designed to 
attenuate gonadotropin hormonal action. Acting at or adjacent to its site of synthesis, TNFa may thus 
partake in the modulation of ovarian progestin economy, possibly in connection with the death of the 


corpus luteum. (Am J Osstet GYNECOL 1990;162:889-99.) 


Key words: Tumor necrosis factor «œ, ovary, granulosa cells 


Resident ovarian macrophages of several species, in- 
cluding man, have long been recognized as potential 
in situ regulators of ovarian function.’ This possibility 
has been suggested, at least in part, by the finding of 
numerous macrophages in regressing (but not young) 
corpora lutea. Some of these macrophages, which are 
indistinguishable from those observed in other body 
sites,” are known to send out processes to adjacent luteal 
cells, suggesting their involvement in cell-cell signaling. 
Yet other, phagocytically active macrophages appear to 
engage in heterophagy of damaged luteal cells conse- 
quent to the structural disintegration of the corpus lu- 
teum. In addition, macrophages are now recognized as 
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a major cellular component of the interstitial (i.e., in- 
terfollicular) ovarian compartment.” Although little is 
known with respect to this seemingly permanent (i.e., 
noncyclic) presence, it appears significant that intersti- 
tial macrophages have been observed to establish 
physical contact with cells morphologically resembling 
steroid-secreting cells.’ 

Whereas the mechanism(s) by which macrophages 
may influence ovarian function remains a matter of 
study,** it is generally presumed that the local paracrine 
secretion of regulatory protein(s) (i.e., cytokines) may 
be at play.® The potential ovarian relevance of one such 
macrophage product, tumor necrosis factor (TNF) a,’ 
has recently been explored. Specifically, TNFa was 
found capable of attenuating the differentiation of cul- 
tured granulosa cells* ° from immature rats through 
the virtual neutralization of follicle-stimulating hor- 
mone (FSH) action at site(s) proximal but not distal to 
cyclic adenosine monophosphate generation.’ In other 
studies, TNFa has been found to effect complex dose- 
dependent alterations in the elaboration of progester- 
one and androstenedione, but not estrogen, by ex- 
planted preovulatory follicles of murine origin.” 

In this article we seek to extend our original 
observation? that TNFa suppresses gonadotropin- 
supported progesterone accumulation by cultured mu- 
rine granulosa cells. To this end, we used three inde- 
pendent approaches to evaluate in greater detail the 
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cellular mechanism(s) underlying TNFa action at the 
level of the progestational steroidogenic cascade. First, 
progestins present in media conditioned by cultured 
granulosa cells were detected and quantified by ra- 
dioimmune and enzyme-based (nonradiometric) as- 
says. Second, progestin metabolism was monitored 
through cellular labeling with radioactive precursors. 
Third, the activities of relevant key steroidogenic en- 
zymes were measured directly under cell-free condi- 
tions. Using these approaches, we now report that the 
apparent ability of TNFa to diminish the overall ac- 
cumulation of progesterone is largely due to attenua- 
tion of key biosynthetic steps leading to progesterone 
production. 


Material and methods 


Animals. Immature (23 to 25 days old) Sprague- 
Dawley female rats were from Johnson Laboratories 
Inc. (Bridgeview, IIl). 

Materials. McCoy’s 5a medium (modified; without 
serum), penicillin-streptomycin solution, L-glutamine, 
Trypsin-ethylenediamine tetraacetic acid, and Trypan 
blue stain were obtained from Grand Island Biological 
(Grand Island, N.Y.). Nicotinamide-adenine dinucleo- 
tide, nicotinamide-adenine dinucleotide phosphate, 
ethylenediamine tetraacetic acid, dithiothreitol, MgCl, 
sucrose, and buffers were obtained from Sigma Chem- 
ical (St. Louis, Mo.). [7-7H(N)]Pregnenolone (10.5 
Ci/mmol), [1,2--H(N)]progesterone (50 Ci/mmol), 
and = [1,2-°H(N)]20a-hydroxy-4-pregnen-3-one (50 
Ci/mmol) were from New England Nuclear (Boston, 
Mass.). [1,2-8H]25-Hydroxycholesterol was generously 
provided by Dr. Peter J. Hornsby, Medical College of 
Georgia (Augusta, Ga.). Unlabeled steroids were from 
Steraloids (Wilton, N.H.). Highly purified hydroxy- 
steroid dehydrogenases were prepared by us from bac- 
terial sources as described earlier." 

Recombinant human TNFa lot 3056-63 [5.0 x 
10’ U/mg; <0.125 U/ml endotoxin activity by the 
limulus amoebocyte lysate assay] and the corre- 
sponding excipient control were generously pro- 
vided by Dr. H. Michael Shepard, Genentech, Inc. 
(South San Francisco, Calif.). Ovine FSH (National In- 
stitutes of Health FSH S14; FSH potency equal to 9 
National Institutes of Health FSH S1 U/mg; luteinizing 
hormone activity, 0.02 National Institutes of Health LH 
S1 U/mg; prolactin activity, <0.1% by weight) was the 
generous gift of the National Pituitary Agency, Pitu- 
itary Hormone Distribution Program, National Insti- 
tute of Arthritis, Diabetes and Digestive and Kidney 
Diseases. Highly purified human chorionic gonadotro- 
pin (hCG) (CR-121; 13,450 1U/mg) was generously 
provided by Dr. R. E. Canfield through the Center 
for Population Research, National Institute of Child 
Health and Human Development, National Institutes 
of Health (Bethesda, Md.). 
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In vitro studies. Granulosa cells, obtained by follic- 
ular puncture, were inoculated into 35 x 10 mm tis- 
sue culture dishes or loosely capped 12 x 75 mm ster- 
ile polystyrene tubes (Falcon Plastics, Oxnard, Califor- 
nia) containing 1 ml McCoy’s 5a medium (modified: 
without serum) supplemented with L-glutamine (2 
mmol/L), penicillin (100 U/ml), and streptomycin sul- 
fate (100 ug/ml). Cell cultures were maintained for the 
duration indicated at 37° C under a water-saturated 
atmosphere of 95% air and 5% CO.. All agents were 
dissolved in sterile culture medium and applied in 50 
gl aliquots. At the end of each experiment, the media 
(and/or cells) were collected before further processing 
as described below. 

High-pressure liquid chromatography. Ether- or 


-ethyl acetate—extracted media steroids were separated 


on a silica gel column containing a chemically bonded 
diol phase (10 pmol/L LiChrosorb Diol) from EM Re- 
agents (Gibbstown, N.J.), with the use of a Waters As- 
sociates (Milford, Massachusetts) high-pressure liquid 
chromatography system. The steroids were dissolved 
in 95:5 hexane: isopropyl alcohol, applied to the col- 
umn, and eluted at 2 ml/min using a concave 46 ml 
gradient from 97:3 to 80:20 hexane: isopropyl alcohol. 
Radioactivity was detected in line by a Flo-One/Beta 
Radioactive Flow Detector (Radiomatic Instruments, 
Tampa, Florida). A*-3-Oxosteroids were detected in 
line at 240 nm by a ultraviolet detector (Waters) and 
quantified by comparison to the absorption of standard 
steroids. Identities of steroid peaks were previously es- 
tablished by three criteria: (1) coelution with known 
standards on high-pressure liquid chromatography, (2) 
enzyme-based steroid assays that use highly specific hy- 
droxysteroid dehydrogenases and thereby provide in- 
formation about functional groups on the steroid (see 
below), and (3) rechromatography and identification of 
steroids after their enzymatic oxidation or reduction 
by specific hydroxysteroid dehydrogenases." 

Radioimmunoassay. Medium progesterone content 
was determined using an antiserum raised against 
progesterone-11-BSA, generously provided by Dr. 
Gordon D. Niswender, Colorado State University 
(Fort Collins, Colo.). Percent cross-reactivities of the 
antibody with pregnenolone, 20a-hydroxy-4-pregnen- 
3-one, (20a-DHP), 20a-hydroxy-5a-pregnan-3-one, 
5a-pregnane-3a,20a,diol (5a-Pdiol), 5a-pregnane-3, 
20-dione, and 3a-hydroxy-5a-pregnan-20-one (preg- 
nanolone) were 1.1%, 1.7%, 0.2%, 0.8%, 4.4%, and 
0.5%, respectively. 

Enzyme-based steroid assays. 20a-Hydroxysteroids 
were detected as described previously’! by measuring 
the increase in fluorescence of reduced nicotinamide- 
adenine dinucleotide after oxidation by bacterial hy- 
droxysteroid dehydrogenase.” High-pressure liquid 
chromatography fractions of conditioned media were 
evaporated to dryness and dissolved in 100 wl of 
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methanol to which were added 900 ul of 2-(cyclohex- 
ylamino)ethanesulfonic acid, pH 9.0, 0.2 mmol/L 
nicotinamide-adenine dinucleotide, and 0.05% bovine 
serum albumin. Blank fluorescence was recorded and 
24 mU of hydroxysteroid dehydrogenase was added to 
each tube. When the oxidation reaction ended, change 
in fluorescence was measured. The value for 20a- 
hydroxysteroids are semiquantitative because oxidation 
is not complete." 

Cell-free enzymatic activity assays. Media were 
removed from tubes containing attached granulosa 
cells (1 to5 x 10° cells/ml) in culture and replaced with 
0.5 ml of the appropriate buffer (see below). The mi- 
crotip of a sonifier (Sonicator Cell Disruptor; Heat- 
Systems-Ultrasonics, Plainview, N.Y.) was then placed 
directly in the tubes and the cells disrupted by soni- 
cation (5 seconds, setting 5). The freshly prepared 
whole-cell sonicates or the 3300 g sonicate pellet (“mi- 
tochondria”) were the sources of enzyme assayed. The 
3300 g pellet (representing a crude mitochondrial frac- 
tion) was obtained by centrifugation of the sonicate at 
800 g for 10 minutes followed by centrifugation of the 
supernatant at 3300 g for 10 minutes. All assays were 
performed in 1 ml buffer (see below) containing (final 
concentration): 1 mmol/L ethylenediamine tetraacetic 
acid, 1 mmol/L dithiothreitol, 0.25 mol/L sucrose, 0.5 
mmol/L of the appropriate coenzyme, and 5% to 6% 
methanol to dissolve the radiolabeled steroid substrate. 
The reaction was started by the addition of the enzyme 
and, after incubation at 37° C for the time indicated, 
stopped by the addition of 100 ul IN NaOH. The ste- 
roids were extracted twice with 3 ml ethyl acetate, using 
liquid nitrogen to freeze the aqueous layer. The steroids 
in the solvent layer were separated on high-pressure 
liquid chromatography and detected by in-line moni- 
toring of radioactivity. Enzymatic activity was expressed 
as the rate of conversion of substrate to product 
per 1 x 10° granulosa cells. The quantity of product 
produced was calculated by multiplying the percent 
total counts per minute (cpm) in the product peaks by 
the total moles of substrate added. 

Cholesterol side chain cleavage activity was measured 
in the 3300 g pellet (“mitochondria,” resuspended 
via homogenization in assay buffer) by the conver- 
sion of 100,000 cpm [?H]25-hydroxycholesterol (0.2 
pmol/L) to pregnenolone and progesterone in a 50 
mmol/L potassium phosphate buffer (pH 7.4). In 
addition to the reagents listed above, the mixture 
contained 1 mmol/L MgCl, 10 mmol/L isocitrate, 
0.5 mmol/L nicotinamide-adenine dinucleotide phos- 
phate, 5 mmol/L glucose-6-phosphate, and 1. U 
glucose-6-phosphate dehydrogenase. Subcellular frac- 
tionation revealed the 3300 g pellet to contain most of 
the cellular cholesterol side chain cleavage activity. Al- 
though several (apparently C,;) products were ob- 
tained, only the side chain cleavage products (preg- 
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Fig. 1. Effect of TNFa on basal and FSH-supported proges- 
terone accumulation by cultured rat granulosa cells. Granulosa 
cells (1 x 10° viable cells/culture) from immature rats were 
cultured under serum-free conditions for 72 hours in the ab- 
sence or presence of FSH (100 ng/ml), with or without TNFa 
(10 ng/ml). Media progesterone content was determined by 
radioimmunoassay. Results represent the mean + SE of three 
separate determinations. 


nenolone and progesterone) were used to calculate 
activity. 

3B-Hydroxysteroid dehydrogenase/isomerase activ- 
ity was measured in sonicates by the conversion of 
250,000 cpm [*H]pregnenolone (10 pmol/L) to pro- 
gesterone in a 50 mmol/L K buffer (pH 7.4) containing, 
in addition to the reagents listed above, 0.5 mmol/L 
nicotinamide-adenine dinucleotide. Progesterone was 
the only product detected. 

20a-Hydroxysteroid dehydrogenase activity was 
measured in sonicates by the conversion of 250,000 
cpm [°H]20a-DHP (10 pmol/L) to progesterone in a 
100 mmol/L HEPES buffer (pH 8.0) containing, in 
addition to the reagents listed above, 0.5 mmol/L 
nicotinamide-adenine dinucleotide. Progesterone was 
the only product detected. 


Data analysis 

Radioimmunoassay data analysis, dose-response 
curve fitting, and determination of the median inhib- 
itory dose were carried out using CURVE FIT software, 
a package based on the four-parameter logistic equa- 
tion designed to fit the results to a sigmoidal function 
curve. Statistical significance was determined by the 
Student paired two-tailed test and analysis of variance 
as indicated. 
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Fig. 2. TNFa-attenuated progesterone accumulation: dose and time dependence. Granulosa cells, 
obtained and maintained as described in Fig. 1 legend, were cultured (A) for 72 hours in the absence 
or presence of FSH (100 ng/ml), with or without increasing concentrations (0.1 to 10 ng/ml) of 
TNFo or (B) for 24 to 72 hours in the presence of FSH (100 ng/ml), with or without TNFa 
(10 ng/ml). Media progesterone content was determined by radioimmunoassay. Results represent 


the mean + SE of three separate determinations. 
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Fig. 3. Effect of TNFa on basal and hCG-supported proges- 
terone accumulation by “luteinized” granulosa cells. Granu- 
losa cells, obtained and maintained as described in Fig. 1 leg- 
end, were initially cultured for 72 hours in the presence of 
FSH (30 ng/ml). Thereafter, the media were discarded, the 
cells washed twice with 2 ml portions of media, and the cells 
reincubated for an additional 72 hours in the absence or pres- 
ence of hCG (10 ng/ml), with or without TNFa (10 ng/ml). 
Media progesterone content was determined by radioimmu- 
noassay. Results represent the mean + SE of three separate 
determinations. 


Results 


General characteristics. To assess the effect of TNFa 
on progesterone accumulation, granulosa cells were 
cultured under serum (and androgen/estrogen)-free 
conditions for 72 hours in the absence or presence of 
FSH (100 ng/ml), with or without 10 ng/ml of TNFa 
(Fig. 1). Basal (radioimmunoassayable) progesterone 


accumulation proved negligible, TNFa having little or 
no effect when applied by itself (data not shown). In 
contrast, treatment with FSH substantially (p < 0.05) 
increased progesterone accumulation. However, con- 
comitant treatment with TNFa (but not excipient con- 
trol) yielded significant (p < 0.05) inhibition (84% + 
5%) of FSH action. TNFa action proved reversible, in 
that removing the peptide resulted in progressive re- 
sumption of FSH responsiveness. Specifically, the day 
3 accumulation of progesterone (Table I) by cells pre- 
treated with FSH and TNFa (1.5 + 0.2 ng/culture) 
approximated that of cells pretreated with FSH alone 
(1.8 + 0.4 ng/culture). The effect of TNFa was dose 
dependent (Fig. 2, A), with a median inhibitory dose 
of 1.1 + 0.3 ng/ml and a projected minimal effective 
dose (defined as the dose reducing progesterone ac- 
cumulation two standard deviations below that induced 
by FSH alone) of <0.3 ng/ml. Time course studies 
of the TNFa effect (Fig. 2, B) disclosed significant 
(p < 0.05) attenuation of FSH action for all (but the 
24-hour) time points studied (60% and 78% inhibition 
by 48 and 72 hours of treatment, respectively), sug- 
gesting a minimal time requirement of <48 hours. 
Qualitatively comparable results were obtained when 
using estrogen-replete media in an effort to simulate 
more closely the “preovulatory” hormonal environ- 
ment (data not shown). Likewise, TNFa proved a po- 


_ tent inhibitor of gonadotropin-supported progester- 


one accumulation when applied to hCG-treated/FSH- 
primed (ie. “luteinized”) granulosa cells (Fig. 3). 
These findings suggest that the antigonadotropic action 
of TNFa is not only FSH selective, but that the gran- 
ulosa/luteal cell may be a site of TNFa action. 

To analyze further the effect(s) of TNFa at site(s) 
distal to progesterone, we also determined the 20a- 
DHP content of media conditioned by cultured gran- . 
ulosa cells. The steroidogenic (progestational) pathways 
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Fig. 4. Steroidogenic (progestational) pathways of the immature rat granulosa cell. (Modified from 
Goldring NB, Orly J. J Biol Chem 1985;260:913-20.) 


Table I. TNFa-attenuated progesterone accumulation: reversibility studies 











| Progesterone accumulation (ngl culture) 
Pretreatment Day 0 Day 1 ; Day 2 Day 3 
FSH 4.8407 1.7 + 0.6 1.9 + 0.3 1.8 + 0.4 
FSH + TNFa 0.7 + 0.1 0.8 + 0.3 1.3 + 0.6 1.5 + 0.2 





Granulosa cells, obtained and maintained as described in Fig. 1 legend, were initially cultured for 72 hours in the presence of 
FSH (100 ng/ml), with or without TNFa (10 ng/ml). Media were then collected (day 0) and the cells were washed and reincubated 
in the presence of FSH (100 ng/ml) for an additional 24 hours. This sequence was repeated daily for 3 days. The accumulation 
of progesterone at each collection point was determined by radioimmunoassay. 


of granulosa cells from immature rats’ are depicted 
in Fig. 4 for added clarity. Granulosa cells were cul- 
tured for 72 hours in the absence or presence of FSH 
(100 ng/ml), with or without TNFa (10 ng/ml). An- 
drostenedione (1077 mol/L) was added to enhance 
overall progestin biosynthesis.‘ The media from eight 
dishes per group were then collected, extracted, and 
fractionated by high-pressure liquid chromatography 
and their 20a-DHP content was quantified by an 
enzyme-based (nonradiometric) assay. Results were fur- 
ther confirmed by ultraviolet absorbance at 240 nm. 
Treatment with TNFa diminished the FSH-driven ac- 
cumulation of 20a-DHP by 70%, from 77 to 23 ng/10* 
cells. 

Cellular radiolabeling studies. To evaluate further 
the steroidogenic alterations associated with TNFa ac- 
tion, we next explored its overall impact’on the pro- 
gestational steroidogenic pathway. Granulosa cells were 
initially cultured for 96 hours in the presence of FSH 
(100 ng/ml), with or without TNFe (10 ng/ml). There- 
after, the media were discarded, the cells thoroughly 
washed, fresh media and hormones added, and the 
cells reincubated in the presence of either [*H]25- 
hydroxycholesterol.(Fig. 5) or SH]pregnenolone (Fig. 
6). At the indicated time points the media were col- 
lected, extracted, and fractionated by high-pressure liq- 
uid chromatography. Radiolabeled steroid peaks were 
detected in line and identified as described under 
Material and methods. When the cultures were labeled 
with (°H]25-hydroxycholesterol (Fig. 5), metabolism 


proceeded slowly (by 16 hours) to pregnenolone 
and more distal products. As shown, treatment with 
TNFa produced an apparent diminution in the (FSH- 
supported) accumulation rate of pregnenolone, pro- 
gesterone, 20a-DHP, and 5a-Pdiol. Concomitantly, the 
TNFa-treated cells demonstrated a somewhat slower 
rate of 25-hydroxycholesterol degradation at 16 and 
48 hours. These results strongly suggest that TNFa 
inhibits progesterone accumulation, if only in part, at 
the level of cholesterol side chain cleavage. Unidenti- 
fied peaks (five to six), eluting very late on the chro- 
matogram (“polar products”), did not coelute with any 
of the obvious C,, ovarian steroids and most likely rep- 
resent further hydroxylation of 25-hydroxycholesterol 
before side chain cleavage (data not shown). 

To better characterize steroidogenic transformations 
past the cholesterol side chain cleavage block, the cul- 
tures were also labeled with [*H]pregnenolone (Fig. 6). 
Under these circumstances, metabolism proceeded rap- 
idly (<2 hours) to progesterone and more distal prod- 
ucts. As shown, treatment with TNFa produced an ap- 
parent diminution in the (FSH-supported) accumula- 
tion rate of progesterone (all time points) and 20a-DHP 
(24 hours), an effect associated with apparent enhance- 
ment of the accumulation rate of the more distal me- 
tabolite 5a-Pdiol. Taken together, these studies suggest 
that the ability of TNFa to diminish the FSH-supported 
accumulation of progesterone is not associated with 
qualitatively altered steroidogenic pathways. Rather, 
the attenuation of progesterone accumulation consti- 
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Fig. 5. TNFa-attenuated progesterone accumulation: cellular radiolabeling studies. Granulosa cells, 
obtained and maintained as described in Fig. 1! legend, were initially cultured for 96 hours in the 
presence of FSH (100 ng/ml), with or without TNFa (10 ng/ml). Thereafter, the media were 
discarded, the cells washed twice with 2 ml portions of media, and new media containing 
100,000 cpm of [1,2~4H]25-hydroxycholesterol added for the duration indicated. One percent (final 
concentration) of the cyclodextrin, Molecusol (Pharmatec, Inc., Alachua, Fla.) was added to enhance 
solubility of the 25-hydroxycholesterol. At the indicated times, media steroids were extracted, frac- 
tionated by high-pressure liquid chromatography, and detected in line as described in Material and 
methods. Results reflect a representative experiment. 
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Fig. 6. TNFa-attenuated progesterone accumulation: cellular radiolabeling studies. Granulosa cells, 
obtained and maintained as described in Fig. 1 legend, were initially cultured for 96 hours in the 
presence of FSH (100 ng/ml), with or without TNFa (10 ng/ml). Thereafter, the media were 
discarded, the cells washed twice with 2 ml portions of media, and new media containing 
250,000 cpm of [7--H(N)] pregnenolone added for the duration indicated, At the indicated times, 
media steroids were extracted, fractionated by high-pressure liquid chromatography, and detected 
in line as described in Material and methods. Results reflect a representative experiment. 


tutes the end point of a complex series. of steroidogenic 
alterations wherein progesterone biosynthesis (as well 
as possibly its degradation) appears to be altered. 
Effect of TNFa on the activities of relevant ste- 
roidogenic enzymes. To assess further the steroido- 
genic impact of TNFa, the activities of relevant key 
steroidogenic enzymes were quantified. Granulosa 
cells were initially cultured for 96 hours in the ab- 


sence or presence of FSH (100 ng/ml), with or with- 
out TNFa (10 ng/ml). At the end of each experiment, 
the media were discarded and the cells were processed 
as described under Material and methods. TNFa 
proved a potent inhibitor of cholesterol side chain 
cleavage and of 38-hydroxysteroid dehydrogenase/iso- 
merase (>90% and 42% inhibition, respectively) (Fig. 
7). Although TNFa did not produce statistically sig- 
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Fig. 7. TNFa-attenuated progesterone accumulation: effect of TNFa on the activities of rele- 
vant steroidogenic enzymes. Granulosa cells, obtained and maintained as described in Fig. 1 legend 
(except I to 5 x 10° viable cells/culture) were cultured in tubes for 96 hours in the absence or 
presence of FSH (100 ng/ml), with or without TNFo (10 ng/ml). At the end of each experiment 
the media were removed and the cells processed for enzyme assays as described in Material and 
methods. Results represent the mean + SE of five to six determinations from two to four different 
experiments. 38-HSD, 3B-Hydroxysteroid dehydrogenase. 


nificant changes in 20a-hydroxysteroid dehydrogenase 
activity, this enzymatic activity was in fact modestly el- 
evated in four of six experiments. 


Comment 


TNFa, a 157-amino acid polypeptide, was originally 
named for its oncolytic activity as displayed in the serum 
of B-chorionic gonadotropin—immunized, endotoxin- 
challenged mice.’ Specifically, TNFa proved capable of 
inducing tumor necrosis in vivo and of exerting non— 
species-specific cytolytic or cytostatic effects on a broad 
range of transformed cell lines in vitro. Although 


TNFa was initially thought to be tumor selective, it has — 


become clear that certain nontumor cells possess TNFa 
receptors and that TNFa may be a regulatory mono- 
kine with pleiotrophic biologic activities in addition to 
its antitumor properties.’ Most importantly, TNFa has 
been shown to engage in the differentiation of a variety 
of cell types.’ 

To probe further the potential relevance of TNFa 
to ovarian function, we examined in greater detail 
its steroidogenic impact at the level of progestin bio- 
synthesis. In doing so, we sought to extend our origi- 
nal observation that TNFa suppresses gonadotropin- 
supported progesterone accumulation.® The studies 
described herein involved primary cultures of ovarian 
- granulosa cells from immature rats known for their 
limited growth potential in vitro." Use was also made 
of FSH-primed/hCG-exposed granulosa cells to better 
simulate the process of luteinization’ and thereby pro- 
vide a crude approximation of granulosa/luteal cell 
function. These studies strongly suggest that the in- 
hibition of FSH-driven progesterone production by 
TNFa is accounted for almost completely by inhibi- 


tion of its biosynthesis (via cholesterol side chain cleav- 
age and 3B-hydroxysteroid dehydrogenase/isomerase). 
However, given the apparent ability of TNFa to en- 
hance the FSH-supported accumulation of 5a-Pdiol 
(Fig. 6), one cannot at this time exclude the possibility 
that enhancement of progesterone degradation via 
transformations catalyzed by 5a-reductase and/or 
3a-hydroxysteroid dehydrogenase may also play a mi- 
nor role. Taken together, our findings reveal that 
TNFa is capable of directly and reversibly attenuating 
gonadotropin-stimulated progesterone accumulation 
through differential modulation of the activities of rel- 
evant key biosynthetic (and possibly degradative) ste- 
roidogenic enzymes. These observations provide yet 
another example of the broad range of TNFa actions 
and underscore its polyfunctional nature. Accordingly, 
TNFa can now be added to a growing list of regulatory 
molecules capable of exerting paracrine or autocrine 
control over granulosa/luteal cell ontogeny." 

Given the cytotoxic potential of TNFa, the inhibi- 
tory effects we observed in the granulosa/luteal cell 
could reflect a lasting nonspecific adverse effect of this 
compound on cell function, However, several obser- 
vations suggest that this is not the case. First, TNFa 
was without significant effect on granulosa cell num- 
ber, deoxyribonucleic acid content, plating efficiency, 
or viability.? Second, the inhibitory effect of TNFa on 
gonadotropin-supported progesterone accumulation 
proved reversible on removal of the protein (Table 1). 
Third, cellular radiolabeling studies and measurements 
of endogenous steroids demonstrated robust steroido- 
genesis in TNFa-treated cells. Taken together, these 
observations suggest that the ability of TNFa to atten- 
uate gonadotropin action is not likely to reflect a non- 
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specific overall adverse effect on cell function, but 
rather represents direct and specific regulatory prop- 
erties. 

Although the exact cellular mechanism(s) whereby 
TNFa interferes with gonadotropin hormonal action 
remain uncertain, consideration has been given to 
site(s) of action concerned with cyclic adenosine mono- 
phosphate generation, breakdown, or action.’ Indeed, 
previous findings indicate that TNFa may be acting at 
the level of the stimulatable adenylate cyclase activity, 
exerting no apparent effect either at the level of the 
FSH receptor or at site(s) of action distal to cyclic aden- 
osine monophosphate generation.? Given that the 
promotion of cholesterol side chain cleavage and 
38-hydroxysteroid dehydrogenase activities depends 
on cyclic adenosine monophosphate," the TNFa- 
mediated attenuation of the activities of these steroi- 
dogenic enzymes is likely due, at least in part, to the 
previously reported? diminution in the FSH-driven 
elaboration of cyclic adenosine monophosphate. 

To delineate the role of TNFa in ovarian physiology, 
its in vivo origin(s) must be determined. In principle, 
two general possibilities are worthy of consideration. 
TNFa may be locally derived from (activated) resident 
ovarian macrophages, as has been shown for regressing 
(but not young) corpora lutea.'® Alternatively, TNFa 
may be of granulosa cell origin, as suggested by im- 
munohistochemical studies wherein antral or atretic 
granulosa cells have been implicated as possible sites of 
TNFa gene expression."* Given such strong association 
between TNFa elaboration and follicular and luteal 
decline, it is tempting to speculate that TNFa may play 
a role in the still enigmatic processes of atresia and/or 
luteolysis. In this capacity, TNFa of intraovarian origin 
may exert its effect(s) at or adjacent to its site of syn- 
thesis, interacting with specific granulosa/luteal cell 
surface receptors to modulate gonadotropin hormonal 
action. Undoubtedly, future studies of the regulation 
of the TNFa receptor and the elucidation of the in vivo 
source of its ligand will shed new light on the relevance 
of this system to the process of follicular development 
and death. 


We thank the National Pituitary Agency, Pituitary 
Hormone Distribution Program, National Institute of 
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search, National Institute of Child Health and Human 
Development, for hCG. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. JAMES C. WARREN, St. Louis, Missouri. With 
in vitro cultures of immature rat granulosa cells, Adashi 
and coworkers have shown that FSH increases the 
accumulation of progesterone, whereas TNF e inhib- 
its this FSH effect. The median inhibitory dose was 
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about 1 ng/ml, but minimal (but significant) effects > 
could be seeri with <0.5 ng/ml. Furthermore, they 
have shown that FSH increases the conversion of 25- 
hydroxycholesterol to pregnenolone, progesterone, 
and 20e-DHP, and that TNFa similarly inhibits these 
metabolic conversions. Studies of the-conversion of 
pregnenolone to progesterone, 20a-DHP, and 5a-Pdiol 
show that the synthesis of all are stimulated by FSH, 


and that TNFa inhibits the conversion of pregnenolone. . 


to progesterone but has little effect in terms of the 
subsequent.conversion to the other products. Further- 
more, FSH is a potent stimulator of side chain cleavage 
activity and 3B-hydroxysteroid dehydrogenase activity, 
whereas TNFa inhibits these FSH effects by 90% and 
42%, respectively. Finally, granulosa cells, after differ- 
entiation in the presence of FSH, were. washed, “lu- 
teinized” by incubation with hCG, and evaluated in . 
terms of basal and hCG-driven progesterone accu- 


mulation. In these studies, hCG stimulated progester- -` 


one accumulation in the media and TNFa at 10 ng/ml 
inhibited the hCG effect. 

These data, derived with granulosa cells in vitro, in- 
dicate that FSH has several metabolic effects and that 
TNFa, present at 10 ng/ml, significantly inhibits these 


FSH-driven metabolic activities. The mechanism of _ 


these metabolic alterations, at least in terms of “unlu- 
teinized” granulosa cells, seems to have been estab- 
lished in a previous article in which TNFa inhibited - 
FSH action at the level of stimulatable adenylate cyclase 
activity, exerting no apparent effect either at the level ’ 
of the FSH receptor or at sites of action distal to cyclic 
adenosine monophosphate generation. In terms of the 
“unluteinized” granulosa cell, the author has previously ` 
shown that TNFa does not decrease cellular viability 
or plating efficiency. In this study they indicate that the 
TNFa-attenuated progesterone accumulation can be 
reversed by washing cells and reincubating them in the 
presence of FSH alone (after 3 days, all the effects of ` 
TNFa have disappeared). Interestingly enough, we see , 
no data in terms of the effect of TNFa on cellular 
viability or plating efficiency of the so-called “lutein- 
ized” cells, nor do we see any data on reversibility with 
these cells. 

All in all, this work repr esents a cell biology study of 


good quality. The methodology is state-of-the-art. Nev- ` - 


ertheless, I have two concerns: 


l. Metabolic activities of luteinized granulosa cells ` 


are quite different (up regulation, down regula- 
tion, etc.) from those of nonluteinized granulosa 
cells. For years Flickinger and others have talked 
about macrophages in the corpus-luteum that 


bring about its death. Many of us have perceived ` 


those activities.as total cell destruction, rather 
than the specific, reversible, metabolic inhibition, 
that you favor. Indeed, all the effects: you see on 
luteinized cells can be accounted for by cell death 
and decreased plating activity (with subsequent 
overgrowth of non-“killed” cells). While you have 
presented data to show this is not the case with 
the “unluteinized” granulosa cell, I believe similar 


Be, 
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studies ‘are required for the “luteinized” granu- 
` losa cells and I do not see any. | 
2. Accepting the metabolic effects you show, it is still 
` required that to exert control over the developing 
follicle or corpus luteum, the concentration of 
TNFa should change as a function of time 
through a normal cycle. It is well known that more 
macrophages are present in the late corpus lu- 
teum, but is there any real evidence for changing 
concentrations of TNFa? 
’ Dr. PauL G. McDonoucu, Augusta, Georgia. 
Thank you for an interesting set of comprehensive, 


well-designed experiments and opening up a new area 


of investigation in the study of intraovarian regulation. 
Most people would have been intimidated by the pros- 
pect of defining a physiologic role for a substance with 
known cytotoxic proper ties and a system in which the 
primary mission is to “kill.” Being naturally suspect of 
inhibition phenomena in in vitro systems and before 
accepting thè concept that TNFa may affect some 
transmembrane signaling system proximal to a cyclic 


‘adenosine tnonophosphate, I would like to ask three 


questions: | 

1. What is the specific activity of the TNFa used in 
this study as compared with a cytotoxicity standard, and 
how does the 10 ng/ml dose used in this study compare 
with the amount of biologic activity (TNFa) that is 
known to be cytotoxic for other cell lines? 

2. How does the amount of TNFa used here, a again 
in biologic units of cytotoxicity, compare with what is 


‘detectable in an acute, inflammatory reaction in vivo? 


3. The data presented here this morning indicate a 
maximum in vitro effect of 48 hours. It is my under- 
standing that one of the. shortcomings concerning 
TNFa when used in phase I clinical cancer trials has 
been the rapid onset of action (2 to 3 minutes) and 
short half-life (30 minutes to 1 hour). Is it possible that 
secondary mediators are responsible for the delayed 


‘effects you have described? 


Dr. ROBERT B. Jarre, San Francisco, California. Let 
me add my congratulations to Dr. Adashi for again 
opening a new field for us, that of the interaction be- 
tween the immune system and the endocrine system as 


‘it relates to gonadal function. 


Dr. Adashi has made seminal contributions in the 
area of protooncogenes and their effect on gonadal 
function and is now doing the same with the cytokines. 

I. have a comment and a question. The comment is 
that we recently showed that there are specific receptors 
for another cytokine, interleukin-1 in the primate fetal 


ovary, so that the initiation of this cross talk between 
the immune system and the endocrine system appears 


to have its-inception in intrauterine life. 

In seeing Dr. Adashi’s slides related to the inhibitory 
effect of TNFa on FSH-stimulated progesterone pro- 
duction, I was reminded of his similar studies with im- 
munoglobulin F1 and its effects on the enhancement 
of FSH-stimulated progesterone production in what 
appeared to me to be very similar systems. I wonder 
whether you have any data related to the interaction 
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between the cytokines and the protooncogenes in their 
cumulative effect on steroidogenesis and gonadotropin 
modulation in the gonad. 

Dr. JAMES SCHREIBER, Chicago, Illinois. With the 
studies of radioactive pregnenolone, I was curious to 
know whether you had taken into account pool sizes. 


If the TNF was inhibiting size and cleavage, you might 


be decreasing the concentration of cold pregnenolone 
in the cell. If so, increases in the metabolic products 
may be a result of differences in pool sizes and changes 
in cleavage activity. 

Dr. CHARLES FLOWERS, Birmingham, Alabama. I rise 
to speak in behalf of the macrophage. We must not 
malign this important cell that has many important 
functions besides its primary one of digesting and de- 
stroying injured and abnormal cells, bacteria, and 
debris. 

It seems plausible that the macrophages go in initially 
to clean up the early degenerating cells of the corpus 
luteum and subsequently send in many of its kind that 
may secrete cytokine and other lytic substances. Thus 
the action you describe may be serendipitous rather 
than a response to a preconceived regulatory loop. We 
must not forget that menstruation is a biologic mistake 
that nature would like to avoid. 

Dr. SEYMOUR ROMNEY, New York, New York. Is 
there any reason to believe that TNF is immunogenic? 
Does it have any potential for conception control? 

Dr. Howard W. Jones, Norfolk, Virginia. Those of 
us in the in vitro fertilization business have been in- 
trigued by the fact that exogenous FSH seems to stim- 
ulate steroidogenesis just as well as a mixture of FSH 
and luteinizing hormone (LH). In the in vitro system 
there seems to be a remarkable opportunity to distin- 
guish the action of one from the other, and in the slides, 
I did not get a chance to determine the quantitative 
relationships between the expression of FSH action and 
LH action. Perhaps Dr. Adashi could give us some de- 
tails about that. 

In the FSH used, are you completely sure that there 
is no LH contamination? In human beings we have 
tended to think that the response after exogenous FSH 
was a result of a small amount of LH that might be 
around. 

Dr. KENNETH J. RYAN, Boston, Massachusetts. I, too, 
want to add my congratulations to Dr. Adashi for a 
superb presentation. 

I have a quick question, has he looked at TNF effect 
on the aromatase? 

Dr. Apasni (Closing). Because of the large number 
of queries I will try to be relatively brief while at the 
same time try to address the issues. 

With respect to the potential differences between the 
luteinized and the unluteinized granulosa cell, I fully 
agree with Dr. Warren that the two models are quite 
distinct and that more studies are clearly’in order to 
evaluate the same phenomenon in the so-called lutein- 
ized cell. The reason we did not present that data here 
has largely to do with the time and scope allotted to 
this presentation. We have preliminary data to suggest 
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that similar phenomena occur in the so-called luteal 
cell. i 

With respect to the issue of macrophage action, cy- 
totoxicity versus functional effects, I would like to sim- 
ply strengthen the comment made by Dr. Flowers, 
namely that macrophages do a great deal more than 
merely chew up or clear up the debris of cells already 
destroyed. In fact, there is ample evidence that mac- 
rophages release up to 100 or 150 different proteins 
as assessed by gel analysis, most of which are entirely 
unknown and many of which are undoubtedly relevant 
to what we are discussing today. 

With respect to the concentrations of TNFa in the 
course of the estrus and menstrual cycle, unfortunately, 
I am unable to answer this question at this time in that 
the information is simply not available. It is likely that 
there is some cyclicity in terms of the ability of mac- 
rophages to elaborate TNFa. What the granulosa cells 
may do in this regard is an issue we will have to study. 

Dr. McDonough questioned the dose that is required 
for cytotoxicity. The answer is that within the dose 
range used in this study, the doses used could clearly 
be cytotoxic. Nevertheless, no cytotoxicity was evident 
despite repeated evaluation. I might add in parentheses 
that interleukin-1, not reputed to be cytotoxic (in the 
interest of Dr. Jaffe’s comment), is in fact highly cy- 
totoxic to ovarian cells. We are extremely excited about 
this observation but this is probably the subject of a 
separate presentation. 

With respect to concentrations generated in vivo with 
TNFa, clearly, concentrations in the range used such 
as 10 ng/ml have been observed both in tissues and in 
the circulation. 

The time course of TNFa action, which on the sur- 
face appears to be slow (i.e., <24 hours) is truly not 
the TNFa time course of action. Rather, it is FSH hor- 
monal action that we know has a minimal requirement 
of approximately 12 to 24 hours. We would like to think 
that had this not been the case, TNFa action would 
have been much more rapid. 

Dr. Jaffe asked about the existence of information 
indicating interaction between growth factors and cy- 
tokines. To my knowledge there is very little infor- 
mation on this issue at this time. We have been able to 
show that interleukin-1, transforming growth factor B, 
and insulin-like growth factor J, are in a position to 
antagonize and in fact reverse interleukin-1 action. We 
have not done similar studies with TNFa. f 

Dr. Schreiber raised concerns with regard to the di- 
lution of the pregnenolone tracer by the endogenous 
pool. Indeed, we cannot exclude such a possibility. This 
is a very valid point that is well taken. 

Dr. Romney raised the question as to the possibility 
of TNFa playing a part in conception and implantation. 
I have to admit ignorance and defer this perhaps to a 


-more private discussion. This is not an area that we 


have actively pursued. 
Dr. Jones raised questions as to the quantitative as- 
pects of FSH versus LH action. I might add that in our 
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particular system LH is slightly less active than FSH on 
an equal mass basis. The reasons for this may be rather 
complex and have at least something to do with the 
fact that the luteinized cells are simply longer in culture 
as compared with their unluteinized counterparts. We 
cannot rule out LH contamination in our FSH prep- 
aration. In fact, we know there is a negligible amount 
of LH in the ovine FSH preparation used. At the same 
time, it is important to recall that the unluteinized gran- 
ulosa cell is not endowed with LH receptors, at least 
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not in the first 48 hours of culture. Thus at least during 
that period of time even a small LH contamination is 
not likely to be of consequence. 

Last, with respect to Dr. Ryan’s question (i.e., the 
effects of TNFa on aromatase activity), we did indeed 
have the opportunity to evaluate this issue; the corre- 
sponding article was published in the Journal of Biolog- 
ical Chemistry earlier this year. The effects are in general 
comparable. 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1990 issues from the Publisher, at a cost of $56.00 ($79.00 
international) for Vol. 162 (January-June) and Vol. 163 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 


volume. The binding is durable buckram with the JoURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact Mosby-Year 
Book, Inc., Circulation Department, 11830 Westline Industrial Drive, St. Louis, Missouri 
63146-3318, USA; phone (800) 325-4177, ext. 7351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. 





Antibiotic prophylaxis: Is there a difference? 


Sebastian Faro, MD, PhD, Mark G. Martens, MD, Hunter A. Hammill, MD, 


Gerry Riddle, MS, and Guillermo Tortolero, MD 


Houston, Texas 


Seven antibiotics, administered in 10 different regimens for prophylaxis, were randomly assigned to 1580 
patients who were delivered by cesarean section. Cefazolin 1 gm, administered for three doses, served as 
the control group. Cefazolin 1 gm, cefazolin 2 gm, cefoxitin 1 gm, cefoxitin 2 gm, cefonicid 1 gm, 
cefotetan 1 gm, ceftizoxime 1 gm, ampicillin 2 gm, and piperacillin 4 gm were all administered in a single 
dose. Four antibiotics proved to be superior in preventing postpartum endometritis: ampicillin 2 gm 

(p = 0.03), cefazolin 2 gm (p = 0.005), piperacillin 4 gm (p = 0.0007), and cefotetan 1 gm 

(p = 0.0001). Single-dose cephalosporin antibiotic prophylaxis was found to result in approximately a 
twofold increase in Enterococcus faecalis colonization of the vagina (p < 0.01). This may be significant in 
patients in whom postpartum endometritis develops and who have failure of initial treatment with a broad- 
spectrum cephalosporin, e.g., cefoxitin or cefotetan, or a combination such as clindamycin or 
metronidazole plus an aminoglycoside. Rupture of amniotic membranes for a half hour or more was 
associated with an increased risk for postpartum endometritis. The use of internal fetal monitoring was 
associated with an increased risk of soft tissue pelvic infection. (Am J OssteT GynecoL 1990;162:900-9.) 


Key words: Antibiotic prophylaxis, enterococci, cefotetan, piperacillin, cefazolin, ampicillin 


Postpartum endometritis and wound infection are 
not uncommon complications after delivery by cesarean 
section, especially in women laboring with ruptured 
amniotic membranes for >6 hours. The incidence of 
postpartum endometritis ranges from a low of 5% in 
a typical private practice setting to as high as 85% in 
indigent patients.” The incidence of wound infection 
is dependent on many factors. These factors can be 
divided into two broad categories, namely, endogenous 
(obesity, chronic disease, vaginitis) and exogenous 
(poor surgical technique, improper preparation of sur- 
gical site, preoperative hospitalization >1 day). One 
significant factor is whether the operative procedure is 
elective or emergency. The incidence of wound infec- 
tion in elective versus emergency cesarean section is 
3.8% versus 7.5%.” Postpartum endometritis and 
wound infections are frequently polymicrobial, involv- 
ing gram-negative and gram-positive aerobes and fa- 
cultative and obligate anaerobes.* Wound infections oc- 
curring in patients who have not had prolonged labors 
tend to have a higher risk of Staphylococcus aureus as the 
primary pathogen, whereas those patients who have 
had a prolonged labor tend to have a higher incidence 
of polymicrobial wound infection. The bacteria in- 
volved reflect the microflora of the lower genital tract.’ 
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Antibiotic prophylaxis has proved to be effective in 
reducing the incidence of postcesarean soft tissue pelvic 
infection. Comparative studies have demonstrated that 
a single dose of antibiotic is as effective as administering 
three doses of antibiotics for prophylaxis.® Studies with 
broad-spectrum penicillins for prophylaxis also have 
been shown to be equally as effective.’ These studies 
have not determined that one antibiotic is more effi- 
cacious than another, even when first- and second- 
generation cephalosporins, as well as penicillins, are 
compared, e.g., cefazolin, cefotetan, piperacillin, and 
cefoxitin. 3 

The present study was designed to address two is- 
sues: (1) In a comparison of the standard three doses 
of a first-generation cephalosporin (cefazolin) with a 
single dose of five cephalosporins and two penicillins, 
are one or more antibiotics superior in reducing the 
incidence of postcesarean pelvic infection? (2) Does a 
single dose of antibiotic exert select pressure on the 
vaginal microflora? 


Material and methods ‘ 


Patients were eligible to enroll in this prospective, 
open, randomized study according to the following cri- 
teria: (1) in labor for >2 hours, (2) afebrile, (3) deliv- 
ered by cesarean section, and (4) no antibiotics received 
in the previous 7 days. Individuals known or suspected 
to have an allergy to penicillin or cephalosporins were 
ineligible to participate in this study. All eligible patients 
gave written informed consent and were randomized 
to receive either a cephalosporin or a penicillin ac- 
cording to a computer-generated schedule. 
` Antibiotics were administered intravenously, imme- 
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diately after the umbilical cord was clamped. Cefazolin 
was used in three different dosage regimens, l gm X I, 
2gm x l,and l gm X 3, given 8 hours apart. Cefoxitin 
was administered in doses of 2 gm X l and 1 gm X 1. 
Ceftizoxime, cefonicid, cefotetan, ampicillin, and pi- 
peracillin were given in a single dose (Table I). Cefa- 
zolin, 1 gm X 3 doses, was chosen as the control group 
because this is a standard regimen that is widely used 
by practicing obstetricians. Patients were considered to 
have failure of antibiotic prophylaxis if postpartum en- 
dometritis developed. The criteria for establishing a 
diagnosis of postpartum endometritis were: (1) a tem- 
perature of =100.4° F, measured on two occasions at 
least 4 hours apart, occurring 24 hours after the 
last dose of antibiotic; (2) a white blood cell count 
214,000/mm* or >10% increase in immature poly- 
morphonuclear leukocytes; (3) tachycardia; (4) marked 
uterine tenderness. Patients must have met all four cri- 
teria to have a diagnosis of postpartum endometritis. 
Specimens for the culture, isolation, and identifica- 
tion of aerobes and facultative and obligate anaerobes 
were obtained from the vaginal fornices at the time the 
decision was made to perform a cesarean section. Sterile 
cotton-tipped applicators were used to circumferen- 
tially swab the vagina. The specimens were immediately 
placed in anaerobic transport vials containing brain- 
heart infusion broth. A second specimen was obtained 
24 hours after the last dose of antibiotic was adminis- 
tered. A Pipelle tube was used to obtain specimens from 
the inner surface of the uterine fundus of patients with 
endometritis.* The specimen was placed in an anaerobic 
transport vial (Baltimore Biologic Laboratories, Cock- 
eysville, Md.) and taken to the laboratory to be pro- 
cessed for the isolation and identification of aerobes, 
facultative and obligate anaerobes, Chlamydia, Myco- 
plasma, and Ureaplasma.*° A Pipelle tube was used be- 
cause tissue, not lochia, could be obtained. This yielded 
organisms that are adherent to cells, and all the bacteria 
listed earlier could be obtained from one specimen. 
Therefore individual transport media were not re- 
quired, nor was there a need for using multiple sam- 
pling devices. Ten milliliters of venous blood was as- 
pirated from the volar aspect of the upper extremity 
from patients with postpartum endometritis. The aspi- 
rated blood was divided into two equal portions to inoc- 
ulate aerobic and anaerobic blood culture bottles. Urine 
specimens were obtained either from an indwelling 
catheter or by straight catheterization and inoculated 
on typical media for the isolation of uropathogens. 
The following blood studies were done: complete 
blood count, white blood cell differential count, serum 
electrolytes, blood urea nitrogen, prothrombin time, 
and partial thromboplastin time. Repeat tests were per- 
formed as indicated by the patient’s condition. 
Statistical analysis was performed by the following 
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Table I. Number of patients by antibiotic 






Patients 


Antibiotic 


Cefazolin l gm x 3 142 9.0 
Cefazolin 1 gm 217 13.7 
Cefazolin 2 gm 161 10.2 
Ceftizoxime 1 gm 145 9.2 
Cefonicid 1 gm 147 9.3 
Cefotetan l gm 148 9.4 
Cefoxitin 1 gm 155 9.8 
Cefoxitin 2 gm 162 10.3 
' Ampicillin 2 gm 148 9.4 
Piperacillin 4 gm 155 9.8 





methods: x? test for categoric data and / test and one- 
way analysis of variance for continuous variability. 
McNemar’s test was performed for dependent dichot- 
omous variables. Relative risk with 95% confidence in- 
tervals was determined to measure the association be- 
tween hours of ruptured membranes and risk of in- 
fection. 


Results 

A total of 1580 patients were enrolled into the study 
and randomized to one of 10 different antibiotic reg- 
imens (Table I). The difference between the largest 


„treatment group, cefazolin 1 gm containing 217 pa- 


tients, and the smallest group, cefazolin 1 gm Xx 3 con- 
taining 142 patients, is statistically significant. This is 
most likely due to the fact that the study is ongoing and 
the randomization is not complete. The population 
consisted of patients delivered on the Baylor obstetric 
service at Jefferson Davis and Lyndon Baines Johnson 
Hospitals. The study was started on Dec. 7, 1987, and 
this phase was concluded on July 1, 1989. The Jefferson 
Davis Hospital closed on May 30, 1989, and all patients 
were transferred to the new facility, the Lyndon Baines 
Johnson Hospital. The entire hospital population con- 
sisted of the indigent patients of the Harris County 
Hospital district. There are between 15,000 and 16,000 
deliveries per yer and the cesarean section rate is 20%. 
Hispanics (55.6%) made up the largest group, followed 
by blacks (25.9%), whites (17.2%), and others (1.3%). 
There were no significant statistical differences in the 
demographic and clinical baseline characteristics be- 
tween treatment groups (Tables IJ and III). There was 
no Statistical difference in the use of internal fetal mon- 
itoring between the treatment groups. 

Ampicillin, cefazolin 2 gm, cefotetan 1 gm, and pi- 
peracillin 4 gm, all administered as a single dose, were 
statistically superior to cefazolin 1 gm X 3 doses in pre- 
venting postpartum ‘endometritis (Table IV). Among 
the patients receiving cefotetan, only 6.1% had post- 
partum endometritis (x? = 20.6, p = 0.0001); in 8.4% 
of the patients receiving piperacillin an infection de- 
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Table II. Baseline demographic data by prophylaxis group 


Cefazolin 
1 gm 









Characteristic 
Race (%) 
White’ 17.3 
Black 24.3 
Hispanic 57.9 
Age (yr) (mean + SD) 23.6 + 5.3 


Obstetric history 
Gravidity (mean + SD) 
Parity (mean + SD) 
Abortions (mean + SD) 
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Prophylaxis group 





Cefazolin Cefazolin Cefoxitin 





19.9 17.9 17.4 

23.6 27.9 23.2 

54.0 52.1 59.4 
24.9 + 5.7 24.6 + 5.8 24.9 + 6.0 


















Primary cesarean section (%) 66.4 63.4 76.8 65.2 
Repeat cesarean section (%) 33.6 36.6 23.2 34.8 
Brought to labor (%) 21.2 23.8 19.0 26.5 
Table III. Baseline clinical characteristics by prophylaxis group 
Prophylaxis group 
Cefazolin Cefazolin Cefazolin Cefoxitin 
Characteristic 1 gm 2 gm I gm x 3 2 gm 

Length of gestation (wk) 38.9 + 2.9 38.9 + 2.9 38.6 + 3.2 . 39.1 + 2.5 
(mean + SD) ° 

Length of labor (hr) 14.8 + 12.8 12.5 + 10.3 12.2 + 9.2 11.9 + 9.8 
(mean + SD) 

Length of rupture of membranes 9.2 + 24.1 7.0 + 7.6 7.24 7.2 8.4 + 20.6 
(hr) (mean + SD) 

Operation time (min) 54.2 + 19.5 52.1 + 16.2 52.3 + 17.7 52.5 + 18.5 
(mean + SD) 

Estimated blood loss (ml) 747 + 343 693 + 264 753 + 240 759 + 332 
(mean + SD) 

Temperature (°F) (mean + SD) 98.4 + 1.0 98.5 + 1.0 98.6 + 0.8 98.6 + 0.9 

White blood cell count (x 10°) 114 + 3.8 10.7 + 3.4 11.3 + 3.9 10.9 + 3.9 
(mean + SD) 

Hematocrit (%) (mean + SD) 35.4 + 4.1 35.6 + 3.3 35.9 + 3:8 35.6 + 4.1 

Fetal monitor (%) 
None 4.3 10.1 5.8 6.6 
Internal-internal 46.6 39.9 46.0 47.4 
External-external 42.8 41.1 46.0 41.4 
External-internal 6.3 8.9 2.2 4.6 





veloped (x? = 21.5, p = 0.0007); among those receiv- 
ing cefazolin 2 gm 10.6% of the patients became in- 
fected (x? = 22.9, p = 0.005); 12.8% of the patients 
receiving ampicillin 2 gm had infection (x? = 24.9, 
p = 0.03). In comparing infected with noninfected pa- 
tients, the infected group differed only in that the du- 
ration of ruptured membranes was longer in the group 
that became infected, 12.3 versus 8.1 hours (p = 0.01) 
(Table V). In comparing the group of laboring patients 
with regard to the status of the amniotic membranes 
and risk of infection, it was found that the relative risk 
of infection increased with the duration of ruptured 
membranes, from 1.47 (95% confidence interval, 0.85 
to 2.53) among patients with % to 3 hours of ruptured 
membranes to 2.81 (95% confidence interval, 1.9 to 
4.15) among those with >12 hours of ruptured mem- 


branes (Table VI). The use of internal monitoring, that 
is, a fetal scalp electrode and intrauterine pressure cath- 
eter, as compared with no monitoring, external mon- 
itoring only, and external pressure monitoring plus a 
fetal scalp electrode was associated with an increased 
risk of postpartum endometritis (p = 0.0001). 

There were no significant differences in the total 
number of bacterial isolates when preantibiotic and 
postantibiotic specimens were compared. In comparing 
preantibiotic and postantibiotic specimens no differ- 
ences were noted among gram-positive aerobic isolates 
in any of the antibiotic groups (Fig. 1). Patients receiv- 
ing a penicillin showed approximately a twofold in- 
crease in the rate of isolation of gram-negative facul- 
tative anaerobes after treatment (Fig. 2). Except for 
piperacillin and ceftizoxime, antibiotic prophylaxis did 
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Prophylaxis group 















Cefoxitin 
I gm Cefotetan Ceftizoxime Cefonicid . Ampicillin Piperacillin 
16.3 13.5 13.8 22.4 16.2 17.4 
29.4 27.0 31.7 19.7 28.4 24.5 
52.5 58.8 53.1 57.1 54.1 56.1 
24.9 + 5.3 24.4 + 6.1 24.1-+ 5.8 24.8 + 6.1 24.6 + 5.7 25.1 + 5.5 
(254 19 2.3 + 14 241.7 24 + 1.5 23414 24415 
21+ 1.3 2.0 + 1.2 2.1+ 14 1.9 + 1.0 19+ 11 2.0 + 1.8 
04+ Ll 0.3 + 0.8 0.3 + 0.7 0.5 + 1.3 0.4 + 0.7 0.3 + 0.7 
63.6 64.2 72.4 67.3 66.2 65.2 
36.4 35.8 27.6 32.7 33.8 34.8 
23.1 21.8 27.1 23.1 23.0 25.3 
Prophylaxis group 


Cefoxitin 


l gm 
39.1 + 2.9 38.9 + 2.9 38.8 + 3.3 
13.8 + 11.9 12.5 + 10.7 13.5 + 8.9 
9.0 + 12.5 10.1 + 28.6 9.8 + 12.2 
53.5 + 18.7 52.1 + 15.1 56.2 + 20.1 
720 + 235 720 + 215 769 + 308 
98.6 + 1.0 98.5 + 0.9 98.7 + 0.9 
10.7 + 3.4 10.6 + 3.3 11.4 + 5.3 
35.1 + 4.4 36.2 + 3.8 36.1 + 3.6 
7.6 7.6 5.6 
41.4 49.3 46.5 
44.6 38.2 43.8 
6.4 4.9 4.2 





not appear to have an effect on anaerobic colonization 
(Fig. 3). However, when individual isolates were com- 
pared, the only bacterium that showed a significant 
difference between preantibiotic and postantibiotic iso- 
lation rates was Enterococcus faecalis. Overall, approxi- 
mately 39% of patients were colonized by Æ. faecalis 
before administration of antibiotic and 62% of patients 
were colonized by this bacterium after prophylaxis. 
Comparing individual antibiotic groups, significant sta- 
tistical differences in pretreatment and posttreatment 
isolation rates were observed for cefazolin I gm x 1 
(p < 0.001), cefazolin 2 gm x 1 (p < 0.0001), cefa- 
zolin 1 gm x 3 (p = 0.04), cefoxitin 2 gm x 1 (p= 
0.0002), cefoxitin 1 gm x 1 (p = 0.0001), cefotetan 
(p = 0.0002), ceftizoxime (p = 0.0063), and cefonicid 
(p = 0.0018). No difference in the preisolation and 
















Piperacitlin 
38.9 + 2.8 39.1 + 3.0 38.8 + 2.4 
13.9 + 12.8 12.8 + 11.4 13.7 + 10.2 
10.1 + 29.2 8.5 + 10.7 8.0 + 9.8 
54.5 + 19.3 51.8 + 15.9 51.4 + 21.5 
744 + 244 744 + 252 709 + 212 
98.5 + 0.8 98.6 + 0.9 98.5 + 1.2 
11.3 + 3.9 11.5 + 4.6 10.7 + 3.8 
_ 35.3 + 3.4 35.0 + 4.0 35.3 + 3.6 
5.0 7.7 5.8 
39.3 44.4 41.6 
50.0 45.1 45.5 
5.7 2.8 7.1 





postisolation rates of enterococci were observed in pa- 
tients given ampicillin or piperacillin (Fig. 4). Although 
there were differences in the isolation rates of Lacto- 
bacillus before and after antibiotic, they did not appear 
to correlate with the development of postpartum en- 
dometritis (Fig. 5). 

No patients experienced an adverse reaction from 
receiving any antibiotic. Specifically, there were no ana- 
phylactoid reactions or bleeding episodes caused by ad- 
ministration of any antibiotic. 


Comment 

Antibiotic prophylaxis has been demonstrated to be 
effective in reducing the incidence of postpartum en- 
dometritis in patients delivered by cesarean section. 
Various antibiotics, both cephalosporins and penicillins, 
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Fig. 1. Percentage of gram-positive aerobic isolates obtained from the vagina in patients, receiving 
antibiotic prophylaxis. Antibiotics given were as follows: cefazolin 1 gm X 1 (AN-1), 2 gm x 1 
(AN-2), and 1 gm x 3 (AN-3); cefoxitin 2 gm X 1 (ME-I) and 1 gm X 1 (ME-2); cefotetan (TAN); 
ceftizoxime (ZOX); cefonicid (MONO); ampicillin (AMP); and piperacillin (PIP). 


Table IV. Rate of infection by antibiotic 
prophylaxis group 





Antibiotic E n. 
Cefazolin 32 225 110 77.5 
lgm x3 


Cefazolin | gm 44 203 173 797 NS 
Cefazolin 2 gm 17 10.6 144 894 0.005 
Cefoxitin 1 gm. 24 15.5 131 845 NS 
Cefoxitin 2 gm 27 16.7 135 833 NS 
Cefotetan 1 gm 9 6.1 139 93.9 0.0001 
Ceftizoxime 1 gm -26 17.9 119 82.1 NS 
Cefonicid 1 gm 22 15.1 124 84.9 NS 
Ampicillin 2 gm 19 128 129 87.2 0.03 
Piperacillin 4 gm 13 84 142 91.6 0.0007 





including the new combinations containing B-lactamase 
inhibitors, have been tested and all have been shown 
to be effective. , 

The present study compared traditionally utilized 
antibiotics for prophylaxis, cefazolin and cefoxitin, and 
compared them with other agents, newer B-lactams 
such as cefotetan, ceftizoxime, and piperacillin. Cefon- 
icid was chosen because of its long half-life, 4% hours, 
and because it has been shown to be suitable for single- 
dose prophylaxis.'’ Cefonicid was found to be equiva- 
lent to cefoxitin for prophylaxis in patients undergoing 
vaginal hysterectomy. In the present study cefonicid 
given in a single dose was less effective than a single 
dose of cefazolin 2 gm, ampicillin 2 gm, piperacillin 
4 gm, or cefotetan 1 gm- in preventing postpartum en- 
dometritis in patients delivered by cesarean section. 
The failure rate in patients receiving cefonicid was 
15.1% and was no different from that of cefoxitin 
1 gm (15.5%) or 2 gm (16.7%). 

Cefazolin 1 gm, administered once and for three 


Table V. Demographic data on infected versus 


noninfected patients 


Characteristic 


Age (yr) 23.2* 24.8* 
Gravidity 2.1 2.5 
Parity 1.7 2.1 
. Gestational age (wk) 38.8 38.9 
Length of labor (hr) 15.4 12.8 
Length of rupture of 12.3 8.1 
membranes (hr) 

Operating time (min) 52.8 . 53.1 
Blood loss (ml) 781 727.9 
Temperature (ml) (° F) 101.4 98.5 
White blood cell count 11,800 ` 10,900 

HCT (%) 
Preoperative 35.3 35.6 
Postoperative i 29.2 30.3 


Fetal monitor 


External-external 79 (11.8%) 592 (88.2%) 
Internal-internal 122 (17.9%) 558 (82.1%) 
External-internal 14 (16.9%) 69 (83.1%) 
Primary cesarean section 193 (18.3%) 864 (81.7%) 
Repeat cesarean section 40 (7.7%) 482 (92.3%) 


*All values represent means. 


doses, resulted in 20.3% and 22.5%, respectively, of the 
patients having postpartum endometritis. However, ce- 
fazolin administered in a single 2 gm dose was effective 
in reducing the incidence of postpartum endometritis: 
The failure rate among patients receiving a single 2 gm 
dose of cefazolin was 10.6%, which was statistically bet- 
ter (X? = 22.96, p = 0.005) than that of cefazolin 
l gm x 3 doses. This difference in failure rates be- 
tween the different doses of cefazolin is difficult to 
explain since the basic difference is probably a slightly 


higher serum concentration of the drug level when 


2 gm is given. Theoretically, this may provide slightly 
longer serum levels and perhaps be more effective 
against organisms that are moderately sensitive to ce- 
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Fig. 2. Percentage of gram-negative facultative anaerobic bacteria isolated from the vagina in patients 
before and 24 hours after administration of prophylactic antibiotics. For abbreviations see Fig. 1 


legend. 
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Fig. 3. Percentage, of anaerobic bacteria isolated from the vagina in patients before and 24 hours 
after administration of prophylactic antibiotics. For abbreviations see Fig. 1 legend. 


fazolin, which results in a reduction of the inoculum 


size. The three-dose regimen was less effective; perhaps 


the prolonged serum concentration of the drug may: 


have suppressed the sensitive organisms, thus allowing 


the more resistant bacteria to increase in numbers and , 


therefore become the dominant organisms. 
Ampicillin, administered in a single 2 gm dose, had 


been previously shown to be effective when used for l 


prophylaxis. In the present study ampicillin 2 gm also 
was found to be effective and the failure rate was 


12.8%. A possible explanation for the slightly higher | 


failure rate in this study may be that approximately 
60% of the isolates of Escherichia coli from patients with 
postpartum endometritis are resistant to ampicillin. 
E. coli is one of the most frequently isolated gram- 
negative facultative anaerobes. isolated from patients 
with postpartum endometritis and therefore is an im- 
portant bacterium. If the’ patient population is colo- 


” Table VI. Relationship between ruptured 
amniotic membranes and - 
postpartum endometritis 





Relative risk of infection 







Length of 


95% 
rupture of Confidence 
membranes ` interval 






- Ohr 43 (30.5) l 
0.5-3 hr ~ + 22 (11.1) 1.4 0.85-2.53 
46hr. | 29 (11.7) 1.75 1.15-3.11 
7-12 hr 60 (24.1) 1.77 1.27-2.9 

2.42 1.9-4.15 


>12hr -. 77 (22.6) 


nized predominantly by E. coli that are resistant to am- 
picillin, use of this antibiotic would, result in selection 
for this bacterium. This would provide an opportunity 
for E. coli to become the dominant organism. 
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Fig. 4. Percentage of enterococci isolated from the vagina in patients ‘before and 24 hours after : 
administration of prophylactic antibiotics. Note increase in isolation rates after | exposure to cepha- 
losporin antibiotics. For abbreviations s see Fig. 1 legend. 
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Fig. 5. Isolation rates of lactobacilli obtained from the vagina’ in patients before and 24 hours after 
administration of prophylactic antibiotics. For abbreviations see Fig. 1 legend. Note: Cefazolin 
(AN-1, AN-2, AN-3) ceftizoxime. (208) and piperacillin (PIP) all au a 1 decrease i in lactobacillus. 


The standard three doses of antibiotic prophylaxis 
has been shown to exert selective pressure on the vag- 
inal flora.’* ° Cephalosporins, especially cefazolin and 
cefoxitin, have been shown to select for E. faecalis and 
show a trend toward an increased colonization by En- 


terobacter cloacae. This study demonstrated that cepha-’ 


losporin prophylaxis, even when administered in a sin- 
gle dose, exerts selective pressure on the vaginal mi- 
croflora. This is reflected in a twofold increase in 
E. faecalis recovery. Several studies examining the ef- 


ficacy of B-lactam antibiotics in the treatment of post-. 


partum endometritis, e.g., mezlocillin, piperacillin, 
ticarcillin—clavulanic acid, and ampicillin-sulbactam in 
comparison with clindamycin-gentamicin, have dem- 
onstrated that patients who are given cephalosporin 
prophylaxis and subsequently become infected tend to 
` have an increase in E. faecalis isolation rates.'*"° Patients 


with postpartum endometritis who are initially treated 
with a cephalosporin, such. as cefoxitin, cefotetan, or 
ceftizoxime, or an.expanded spectrum penicillin, such ` 


_ as ticarcillin—clavulanic. acid, or clindamycin ‘plus an 


aminoglycoside and fail to 'respond to the initial 
treatment often require an anubiowe active against 
E. faecalis. . i 

The explanation of why some antibiotics are more 
effective than others when used for prophylaxis in re- 


- ducing the incidence of postpartum endometritis is yet 


to be established. In a previous study cefoxitin and 
cefazolin prophylaxis reduced colonization of the va- 
gina by Lactobacillus whereas cefotetan did not.t The 
theory put forth was that the Lactobacillus may serve as 
the stabilizing organism in the environment, preventing 
overgrowth by other bacteria, especially anaerobes. 
However, the present study does not support the earlier _ 
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findings. In the present study, colonization’ by Lacto- 


bacillus in patients exposed to cefoxitin or cefotetan did. 
not show any major differences, yet there were. signif-. 
icant differences in the rates of infection. Therefore ~ 


the difference in failure rates observed between cefo- 


tetan and cefoxitin cannot be explained by this hy- f 


pothesis. A decrease in Lactobacillus colonization does 
not appear to influence outcome, since patients receiv- 
ing ceftizoxime had a significantly higher incidence of 
infection and also had a marked decrease in postpro- 


phylaxis colonization by Lactobacillus. Patients. receiving ° s 
piperacillin also had a marked decrease in Lactobacillus | 


colonization (Fig. 5) but a significant decrease in ‘the 
incidence of postpartum endometritis. The question is 
not settled yet, since these isolates have not been spe- 
ciated and the specific species may be important, as well 
as the numbers of organisms present. 


This may be significant if Lactobacillus serves as a ` 


regulatory bacterium, thereby providing appropriate 
conditions that maintain a balanced inhibiting growth 
of more virulent organisms.’ Bacterial antagonism is a 
dynamic process that occurs in all polymicrobial envi- 
ronments, e.g., oral cavity, rectosigmoid, and vagina. 


Once the predominant commensal bacteria is sup-. 


pressed, the microenvironment is altered and the more 
pathogenic bacteria become dominant. This may be the 
initial precursor to the sequence of events that culmi- 
nates in the establishment of infection. 

In summary, this study demonstrated that. cefazo- 


lin 2 gm, ampicillin 2 gm, piperacillin 4 gm, and cefote-' 
tan 1 gm were more effective than other antibiotics . 


tested in reducing the incidence of postpartum endo- 
metritis. The fact that these agents proved to be more 
effective when other studies failed to demonstrate such 
differences is most likely due to the large sample size 
of this study (1580 patients). Thus, in patients who have 
labor with ruptured membranes and are delivered by 
cesarean section, a single dose of prophylaxis should 
be given. Since cefotetan and piperacillin had the lowest 
infection rates, 6.1% and 8.4%, respectively, and have 
broader antimicrobial spectra of activity, these should 
be used. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. Ricard L. SwEET, San Francisco, California. 
The incidence of cesarean delivery has dramatically 


. increased over the past two decades. One of the major 


concerns with this rising rate has been the increased 
risk of maternal infection associated with cesarean de- 
livery. Not only the frequency but the severity of in- 
fection is greater after cesarean delivery.’ 

Over the past 15 years the primary medical approach 
to reduce the risk of postcesarean infection has been 
antibiotic prophylaxis. There have now been more than 
25 prospective, randomized, placebo-controlled studies 
of systemic antibiotic prophylaxis for cesarean delivery 
reported.* ° The nearly unanimous finding of these 
studies has been a significant decrease in the incidence 
of endomyometritis in women undergoing nonelective 


` but not elective cesarean delivery. However, there has 


been no evidence reported demonstrating that the new 


-broader-spectrum agents are any more effective for 


prophylaxis than narrow-spectrum agents such as am- 
picillin or first-generation cephalosporins (cephalothin 
or cefazolin). 
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Thus, while many investigations have shown that 
prophylactic antibiotics are effective in decreasing the 
frequency of postcesarean endomyometritis, contro- 
versy still exists as to which antibiotics should be used 
for prophylaxis, the duration of use of perioperative 
antibiotics, and what effect prophylactic antibiotics have 
on the vaginal flora. 

The study presented by Faro et al. attempts to ad- 
dress some of these issues. The study was undertaken: 
(1) to compare the efficacy of three doses of a first- 
generation cephalosporin (cefazolin) with single dose 
of five cephalosporins and two penicillins and (2) to 
assess the selective pressure exerted on the vaginal 
microflora by a single-dose prophylactic antibiotic 
regimen. 

Single-dose ampicillin 2 gm, cefazolin 2 gm, cefote- 
tan 1 gm, and piperacillin 4 gm were demonstrated to 
be statistically superior to three doses of cefazolin 1 gm, 
while the remaining five single-dose regimens were not. 

In addition, Dr. Faro identified two factors that were 
associated with a statistically significant increased risk 
for endomyometritis. These were duration of ruptured 
membranes and the use of the intrauterine pressure 
catheter. . 

However, caution is necessary in interpreting these 
findings. The power of these results is limited because 
only univariate analysis was used. Where complex in- 
terrelationships exist, multivariate analysis is appro- 


priate and would control for length of labor, duration: 


of membrane rupture, use of intrauterine pressure 
catheter, socioeconomic status, and-other potential risk 
factors for endomyometritis. Moreover, while the au- 
thors claim that they were able to demonstrate differ- 
ences in endomyometritis rates because of their large 
sample size of 1580 patients, in fact, they performed a 
univariate analysis of 10 groups averaging approxi- 
mately 150 patients. This is really no larger than the 


groups in studies by Stiver et al.* and Rayburn et al.,> | 


which showed no difference between cefazolin and 
broader-spectrum cephalosporins. . 

To determine the effect of prophylaxis on the vaginal 
flora the preantibiotic and postantibiotic cultures were 
compared. The authors report that the only individ- 
ual organism that showed a significant difference be- 
tween preantibiotic and postantibiotic isolation rates 
was E. faecalis. Statistically significant increases were 
observed with all the drugs except ampicillin and pi- 
peracillin. 

The authors suggest that the higher serum concen- 
tration of cefazolin with 2 gm may provide a slightly 
longer serum level and be more effective against or- 
ganisms moderately sensitive to cefazolin. However, no 
data are presented to correlate minimum inhibitory 
concentration levels and achievable blood levels to con- 
firm such a suggestion. 

In addition, no data were presented on cultures from 
patients with endometritis. 

Unfortunately Dr. Faro has only addressed the re- 
duction of endomyometritis and the issue of selective 
pressure on the vaginal microflora. No data were pro- 
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vided as to wound infections, severe complications of 
pelvic infection, or hospital stay and cost. Such data are 
a crucial component of the cost-benefit analysis for pro- 
phylactic antibiotics. In today’s world of bottom-line 
philosophy, even for health care, inclusion of a cost 
analysis is almost mandatory, especially where it is dif- 
ficult to demonstrate that any single drug is most ef- 
fective. 

Finally, there are some questions that I would address 
to Dr. Faro. 

1. Why was the outdated definition of standard fe- 
brile morbidity-a requisite criterion for the di- 
agnosis of endomyometritis? A single tempera- 
ture spike associated with leukocytosis and uter- 
ine tenderness seems sufficient, even in the first 
24 hours. 

2. Was there follow-up of the patients after hospital 
discharge to exclude the occurrence of late-onset 
infection? 

3. Was this a single, prospective, randomized study 
that included 10 treatment arms? The fact that 
the 1 gm cefazolin group contained 40% to 50% 
more patients than the other arms raises ques- 
tions. 

4. Were consecutive patients invited to enroll? Why 
include elective repeat cesarean sections? 

5. Did the authors compare the outcomes between 
other groups rather than only the three-dose ce- 
fazolin regimen? If the 2 gm single-dose cefa- 
zolin regimen is used as the baseline, no signif- 
icant differences exist. 

6. Microbiologic specimens were placed in trans- 
port vials containing brain-heart infusion broth. 
Were these immediately processed? If they were 
not transported to the laboratory and immedi- 
ately plated out, the microbiologic results pre- 
sented do not represent primary culture but 
broth culture, which allows overgrowth of or- 
ganisms present in very low concentrations that 
may not be clinically significant. 

7. What effect did the surgical procedure itself 
.have on the vaginal microflora? 

8. Why lump all the anaerobic bacteria together? 
While anaerobic gram-positive cocci such as Pep- 
(dstreptococcus sp. are sensitive to all the study 
drugs, significant susceptibility differences exist 
for the gram-negative anaerobic rods such as 
Bacteroides bivius, B. disiens, and the B. fragilis 
group of organisms. 

9. Similarly, it is too simplistic to lump all the Lac- 
tobacillus sp. together. It appears that hydrogen 
peroxide—producing lactobacilli play a major 
role in regulation of the normal vaginal micro- 
flora. Were these species identified? 

10. Did pretreatment cultures predict clinical 
failures? 

11. Was failure correlated with the induced changes 

’ in vaginal flora such as recovery of enterococci? 

12. Since the in vitro susceptibility patterns of ce- 
fotetan and cefoxitin are so similar, how do you 
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explain the better results with cefotetan (espe- 
cially since recovery of enterococci increased 
similarly with both drugs)? 
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Dr. DENIS CAVANAGH, Tampa, Florida. I enjoyed Dr. 
Faro’s paper, and I think that he has raised some in- 
teresting points. His observation that single-dose ceph- 
alosporin prophylaxis was found to result in a twofold 
increase in enterococcus faecalis colonization of the va- 
gina might explain why enterococcal soft tissue infec- 
tions are on the rise in both gynecologic and obstetric 
patients. His observation that the most effective anti- 
biotics for the prevention of postcesarean endometritis 
were cefotetan, piperacillin, cefazolin, and ampicillin 
(in that order) is interesting because the old drug, am- 
picillin, was still significantly effective. 

However, it seems likely that the antibiotic agent am- 
picillin/sulbactam, which is a combination of ampicillin 
and the B-lactamase inhibitor sulbactam, may have been 
more effective than any of the agents suggested, es- 
pecially because of its activity against enterococci and 
increased activity against anaerobes. The antibiotic has 
been available in the United States for >2 years, and I 
wonder whether Dr. Faro has used it or has any plan 
to include it in further studies of this type? 

Dr. RuDoLPH P. Ga.ask, Iowa City, Iowa. I have 
just a couple of questions. If this was one study that 
looked at all the antibiotics listed, how did you ran- 
domize all those antibiotics on such a busy service? 

Second, as Dr. Sweet suggested, cefotetan and ce- 
foxitin are very close. If these were studied concomi- 
tantly, how do you explain the differences found be- 
tween these two drugs that are almost identical in vitro? 

Dr. Faro (Closing). Dr. Galask, this was truly a study 
done in one institution. It started on December 7, 1987, 
and the randomization was generated by computer by 
a statistician. We had a series of envelopes that were 
numbered; the residents picked an envelope at labor 
and delivery and it told them what drug to use. Re- 
search nurses worked along with them. 

Dr. Cavanagh, when we approached the U.S. Food 
and Drug Administration to do this study and get an 
investigational new drug for it, they refused to grant 
permission to use a B-lactamase inhibitor for prophy- 
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laxis at that time. Subsequent studies have been done, 
and these agents would be ones to be tested in a large 
randomized study. 

We selected the transport media because it was the 
one that facilitated getting quantitative bacteriology on 
such a large number of patients. In a pilot study we 
took brain-heart transport media and ran known poly- 
microbial cultures. The inoculated specimens were re- 
frigerated at 20° C for various periods of time. Se- 
quential culturing showed only a 10% decrease in 
growth. There was no significant increase in the gram- 
positive or facaltative gram-negative organisms. They 
did not apparently grow well under those conditions, 
and your concern is valid because they have rapid gen- 
eration times. 

All patients that get an infection on our obstetric and 
gynecologic services are assigned to the infectious dis- 
ease clinic, which is staffed by the persons listed in this 
study and our research nurses; so these patients have 
nowhere else to go if they have complications. 

We used febrile morbidity, but they had to have other 
characteristics to support the diagnosis of endometritis. 

We did compare the drugs among each other and 
we found that cefotetan was statistically better than ce- 
foxitin 1 and 2 gm, ceftizoxime 1 gm, cefonicid 1 gm 
and ampicillin 2 gm. It was not any different from 
piperacillin. Piperacillin was better than cefoxitin 2 gm, 
and ceftizoxime | gm. 

Did the surgical procedure have any effect on the 
flora? We know from previous studies that it does, but 
we did not study patients who did not receive prophy- 
laxis to determine whether this occurred. 

The question about the enterococcus is a good one, 
and it is one that has been raised several times. To 
answer this question, we are looking at the quantitative 
bacteriology in all infected cases. We see many patients 
who are colonized by enterococcus who are treated with 
cephalosporin (which does not have any activity against 
the enterococcus) and they get well. We think the prob- 
lem probably rests in the inoculum size here and what 
the relative inoculum size of enterococcus is to other 
organisms. It is interesting to note that those patients 
treated with cephalosporin or a combination of met- 
ronidazol and aminoglycoside or clindamycin and 
aminoglycoside and the therapy fails, have a predom- 
inance of enterococcus. Many times it is the only or- 
ganism seen, and when we add an agent that has activity 
against enterococcus we see a rapid resolution of the 
problem. 

This is brought home even further when we look at 
the penicillins that have various minimum inhibitory 
concentrations against enterococcus. When we look at 
an antibacterial agent like Tetrasilane or Timentin, 
which have a relatively high minimum inhibitory con- 
centration against enterococcus (90% minimum inhib- 
itory concentration is 32 pg per milliliter) often we will 
see patients who are heavily colonized with enterococ- 
cus not respond to therapy. When ampicillin is added 
to their regimen they get better. 
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The experience of 271 patients who received mifepristone (RU 486) in experimental protocols from July 
1984 to January 1989 was analyzed by logistic regression methods. The regimen used was the strongest 


predictor of failure, followed by Quetelet’s index and initial B-human chorionic gonadotropin level. The 


relative risk of failure was 2.3 times with 7-day regimens and 6.3 times with the other regimens that 
obtained with regimens of 600 mg given once or twice. The relative risk of failure increased with increasing 
Quetelet’s index; women in the top quartile were 2.9 times more likely to fail to abort than were women in 
the bottom quartile. The risk of failure increased with increasing initial B-human chorionic. gonadotropin 
level; those with an initial level >19,800 mlU/mi were 2.8 times more likely to fail to abort than were 
women with an initial value <6350 mIU/ml. Body mass appears to influence the likelihood of abortion with 


mifepristone. (Am J Osster GynecoL 1990;162:910-7.) 
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In 1988 the licensing and distribution of the anti- 
progestin mifepristone (RU 486) for abortion in France 
opened a new era in fertility control. Since thousands 
of women! are now receiving the drug annually for this 
purpose, identifying the optimal candidates for this 
type of abortion as opposed to suction curettage has 
become an important public health concern. Little is 
known, however, about the determinants of success or 
failure with mifepristone as an abortifacient. 

The literature to date on predictors of failed at- 
tempted abortion is limited and conflicting. Marked 
differences in the likelihood of failure have been noted 
with different regimens and with identical regimens in 
different locations.2* These have ranged from failure 
rates as high as 90% with a regimen of 400 mg/day 
for 4 days to as low as zero® with a regimen of 600 mg 
followed in 36 to 48 hours by a vaginal prostaglandin 
suppository. Opinion has been divided as to whether a 
dose-response relationship exists for single-dose regi- 
mens. Some investigators have noted an inverse rela- 
tion between failure rates and dose,’ while others have 
not.) 8 e 

Many investigators have examined the potential re- 
lationship between efficacy and duration of the preg- 
nancy. Several*” found failure rates to increase with 
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advancing gestational age, although others** did not. 
One group found no significant relationship to gesta- 
tional age as determined by ultrasonography." Several 
authors* '> “ found failure rates to be correlated with 
initial @-human chorionic gonadotropin (B-hCG), level, 
while others** ° did not. Still others found failure rates 
to be related to initial plasma estradiol’ and proges- 
terone levels.‘ , 

This lack of consensus about predictors of failure to 
abort with mifepristone stems from several limitations 
of the existing literature. First, most studies have been 
small, the majority having fewer than 100 subjects. This 
limits the statistical power of such studies to detect dif- 
ferences should they exist. Second, most studies to date 


have not focused.on predictors of failure but rather on 


overall efficacy and safety. Third, use of ultrasonog- 
raphy to confirm gestational age has been limited; 
hence most investigators have not been able to assess 
the usefulness of this technique in predicting failed 
abortions. This study was performed to address 
the question of predictors of failed attempted abor- 
tion in a cohort of more than 250 women with frequent 
use of ultrasonography for assessment of gestational 
age. 


Material and methods 


Between July 1, 1984, and January 31, 1989, 278 
women received mifepristone for abortion at Women’s 
Hospital, Los Angeles Gounty—University of Southern 
California Medical Center. All mifepristone abortions 
were performed under research protocols approved by 
the Institutional Review Board of the Los Angeles 
County—University of Southern California Medical 
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Center, Criteria for entry into these protocols included 
age of 18 years or older, good health as judged by 


history and physical examination, regular menstrual - 


periods (28 + 3 days) before pregnancy, and <49 days 
of amenorrhea. Each patient had determination of se- 
rum B-hCG level by a previously described double- 
antibody radioimmunoassay'® '® before entry into, the 


study. The coefficient of variation for this assay is 7%. - 


In addition, each signed an informed consent docu- 


ment and agreed to have a suction curettage abortion | - 


should the mifepristone regimen fail. 


Exclusion criteria included evidence of threatened, 
abortion, prior attempts at abortion, or a history of - 


cervical incompetence. If pelvic examination revealed 
the uterus to be >7 weeks’ size or if gynecologic ab- 
normality was found, the patient was excluded. If the 
patient’s hemoglobin level was <12.7 gm/dl, she was 
excluded. If the patient had taken any steroid medi- 
cation in the past 6 months, she was also disqualified. 


The mifepristone treatment was begun in the morn- , 
ing after an overnight fast; the initial dose was taken- 


under supervision of the clinic staff. Patients were re- 
quested not to eat or drink for 1 hour after ingesting 
the drug. Blood samples for a complete blood count 
and B-hCG assay were obtained on days 1, 5, 8, and’ 15 
after initiation of treatment, with the first day of drug 
administration counted as day 1. We asked each patient 
to maintain a diary documenting uterine bleeding, 


cramping, passage of tissue, and any gastrointestinal . 


side effects. i o 
© Ultrasonography for assessment of ‘gestational age 


was performed routinely throughout the study interval; _ 


only 16 patients did not have this evaluation done. Of 
the 255 patients who had this evaluation, a gestational 
sac sizé could be determined for 242 (95%). At the 
beginning of the study, abdominal real-time ultraso- 
_hography with a 3.5 mHz transducer was standard 
practice. This was replaced by vaginal ultrasonography 
with either a 3.0 or 5.0 mHz transducer. Of the 255 
patients, 91% had vaginal and 9% had abdominal scans. 
Scans were performed and interpreted by: either 
trained gynecologists or radiologists using an AD 
4000 SL or similar machine. i 
Thirteen different mifepristone regimens were used 
during the study interval. These were grouped into 
three categories for analysis. The first category (118 
patients) included all regimens using a 600 mg dose: 
600 mg single dose, 600 mg plus 600 mg on day 4, and 


. 600 mg plus intramuscular 15-methyl prostaglandin Fo. , 


on day 4. Only nine patients received two 600 mg doses, 
and 10 received a 600 mg dose followed by the pros- 


taglandin. The second category (109 patients) included - 


` all divided-dose regimens with 7-day drug administra- 
tion: 50 mg b.id. for 7 days; 50 mg b.i.d. for 7 days 


plus methylergonovine maleate; 25 mg b.i.d. for 7 days; - 
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Table I. Characteristics of ‘study population 
(n = 271) i 
Distribution 


(%) 






Characteristic 


` Age (yr) ae 
=19 22 8.1 
20-24 .. ` 74 27.3 
` 25-29 9l 33.6 
.=30 ° à. 84 . 31.0 
` Race f aay 
White 124 45.8 
Hispanic 99 36.5 
Black 26 9.6 
Asian 19 7.0 
Other ` 8 1. 
Gravidity ` š ee 
l 45 16.6 
2 51 18.8 
3 60 22.1 
4-6 : 92 33.9 
27 23 8.5 
Parity « 
0 133 49.1 
1 46 17.0 
2 + 48 17.7 
3-4 - 34 12.6 
25 10. 3.7 
Spontaneous abortions ` , 
0 | 231 85.2 
1 36 —C 13.3 
2-35 4 1.5 
Prior induced abortions 
0 103 38.0 
l 87 32.1 
2 43. 15.9 
23 38 14.0 


100 mg q.d. for 4 days and 150 mg q.d. for 3 days. 
The third. category (44 patients) included all other reg- 
imens: 100 mg b.i.d. for 4 days, 200 mg b.i.d. for 4 
days, 450 mg single dose, 50 mg b.i.d. for 4 days, 100 


` mg b.id. on days 1 and 3, and 200 mg single dose. 


‘A therapeutic success was defined as vaginal bleeding 
that was associated with declining B-hCG and did not 
require curettage for removal of products of concep- _ 
tion. If the abortion failed, a suction curettage with the 


- patient under local anesthesia was performed on about 
_ day 15. 


~ Logistic regression methods were used to estimate 
the relative risk (odds ratio) of failure for each treat- 
ment regimen (three categories) and for other factors 
that may be associated with failure of mifepristone to 
induce abortion. These included parity, days of amen- 
orrhea, initial B-hCG level, gestational sac size as de- 
termined by ultrasonography, patient body weight, and 
Quetelet’s index (weight(kg)/height(m’). In logistic 
regression the logit transform, log [p/(1-p)], of the fail- 


` ure probability (p) in each risk category is expressed as 


a linear function of regression variables whose value ~ 





factors. . E Epa 





correspond to levels of “exposure” of PETERA 
vo fo ` y, 


rtm, 
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Table II. Relative risk of failed attempted 
abortion by regimen 


>- | No. of failures/ | Relative | 95% Confidence 
Regimen | No. of successes risk* interval 





600 mg 18/81 1.0 (Referent) 
7-day 43/59 2.3 1.2-4.6 
Other . 25/14 6.3 2.6-15.1 


* Adjusted for Quetelet’s index and initial 8-hCG level. 


Each of the factors of interest (other than regimen) 
was evaluated as a continuous variable and as a cate- 
goric variable. ‘Categories for all variables except Que- 
telet’s index were based on tertiles of the distribution 
of women with successful abortions or on meaningful 
(or convenient) cutpoints that provided a fairly equal 
distribution of successes in each category. Quetelet’s 
index was divided into quartiles on the basis of the 
distribution of women with successful abortions to ex- 
amine the risk of failure in the highest body mass 
group. ae. 

For all of these potential risk factors, we examined 
both the trend in tisk of failure on the basis of the 
continuous values and the trend of failure on the basis 
of the categoric representation. For analyses that used 
the continuous value of B-hCG, the logarithmic trans- 
formation (base 10) was used to normalize the distri- 
bution of values. 


Results 


A total of 278 patients participated in these protocols 
during the study interval; the outcome of seven preg- 
nancies was not known. Each was lost to follow-up and 
was presumed to have aborted successfully. This anal- 
ysis is based on the 271 women whose outcomes were 
documented (Table I). Most (83%) had been pregnant 
before; the majority (62%) had had at least one prior 
induced abortion; and about half had had at least one 
previous live birth. 

Three factors were significantly associated with the 
likelihood of failure to abort with mifepristone: the 
regimen used, Quetelet’s index, and initial 8B-hCG. The 
final multivariate analysis used all patients whose reg- 
imen, Quetelet’s index, and initial B-hCG were known 
(n = 240) to determine whether the variables were in- 
dependent of each other in the final logistic model and 
the relative importance of each variable in the final 
model. Each of the three factors was an independent 
predictor of failure. l 

The regimen used was the most powerful predictor 
of failed attempted abortion (Table II). When adjusted 

for the effect of Quetelet’s index and initial B-hCG, the 
` relative risk of failure with the 7-day divided-dose reg- 
imens was more than double that of the 600 mg regi- 
mens. Similarly, the risk of failure with the other reg- 
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imens was more than six times that of the 600 mg reg- 
imens; both differences were significant at the p < 0.05 
level. 

Quetelet’s index emerged as the second most power- 
ful predictor of failed abortion with mifepristone 
(Table III). The risk of failure was stratified into four 
levels of increasing body mass. When adjusted for the 
effect of the regimen used and initial 8-hCG, the risk 
of failure for women with an index of 20.25 to 21.80 - 
was 1.3 times that of the lowest body mass group. For 
those with an index of 21.81 to 23.81, the risk was 1.6 
times that of the referent group. The risk for the group 
with the largest body mass (Quetelet’s index >23.81) 
was nearly three times that of the referent group, a 
statistically significant difference. Overall, the x’ test for 
trend was highly significant (p = 0.009). 

Initial B-hCG was the next strongest predictor of 
failed abortion (Table IV). The risk of failure was strat- 
ified into three levels of B-hCG. Women with an initial 
8-hCG of 6351 to 19,800 mIU/ml had a risk of failure 
1.7 times that of women with an initial level <6350. 
Women with an initial level >19,800 were nearly three 
times more likely to have a failed abortion than were 
women with initial values <6350; this difference was 
statistically significant at the p < 0.05 level. Again, the 
test for trend was highly significant (p = 0.009). 

The diameter of the gestational sac on ultrasono- 
graphic examination also was associated with the like- 
lihood of failure, although this relationship did not 
achieve statistical significance. Adjusted for the effect 
of the regimen used, the relative risk of failure for 
women with a sac size of 9 to 13 mm was 0.9 times 
(95% confidence interval 0.5 to 1.9) that of women with 
a sac size of <8 mm. Women with a sac size >14 mm 
had a risk 1.8 times (95% confidence interval 0.95 to 
3.3) that of women with a sac size of <8 mm. The test 
for trend approached but did not achieve statistical 
significance (p = 0.068). 

Duration of amenorrhea was a weaker predictor of 
failure than was gestational sac size. Adjusted for the 
effect of the regimen used, the relative risk of failure 
for women with 40 to 44 days of amenorrhea was 1.8 
times (95% confidence interval 0.9 to 3.5) that for 
women with <39 days. Those with 245 days had a 
relative risk 1.6 times (95% confidence interval 0.7 to 
3.3) that of women with <39 days. The test for trend 
was not significant (p = 0.31). Other factors, including 
patient age and parity, were not predictive of failure. 

Determination of serum B-hGG level on day 7 or 8 
after administration of mifepristone was highly pre- 


.dictive of failure to abort. Adjusted for the regimen 


used, the relative risk of failure for a woman whose 
B-hCG level had not declined from the initial value was 
92.8 times (95% confidence interval 40.0 to 239.1) that 
ofa woman whose titer had fallen. Stated alternatively, 
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a decline in 8-hCG level by day 7 or 8 had a sensitivity 
of 95% in predicting successful abortion and a speci- 
ficity of 79%. The predictive value of a falling B-hCG 
level was 89%, and the predictive value of a stable or 
rising titer was 90%. 


Comment 


Three predictors of failed attempted abortion 
proved to be statistically significant: In decreasing or- 
der of importance, they were the regimen used, Que- 
telet’s index, and the initial 8B-hCG level. The associa- 
tions between regimen and duration of pregnancy as 
determined by B-hCG assay have been reported by 
other investigators. +> '*'* On the other hand, the 
association between body mass and efficacy has not 
been reported before. 

The present study has several strengths. It is one of 
the largest series reported to date. The patients came 
from diverse ethnic backgrounds, and the patient man- 


agement and clinic personnel remained largely stable. 


during the 55-month study period. Disadvantages of 
the study include its reliance only on volunteers 
for participation in these research protocols; this re- 
sulted in a population not entirely representative of 
United States women requesting abortions. For ex- 
ample, more than half of our patients (Table I) had 
had at least one previous induced abortion, in contrast 
to a minority of women across the country.'” We do not 
believe this disparity influenced our analysis, however, 
as history of previous induced abortion was not asso- 
ciated with outcome (crude relative risk = 0.9). 


Ascertainment bias must be considered in any ob- 


servational study such as this. The outcome measure 
(failed attempted abortion) was determined by objective 
assessment of serum B-hCG level, and each of the three 
principal predictors of failure (regimen, Quetelet’s in- 
dex, and initial B-hCG level) was not subject to infor- 
mation bias. 

Confounding also can influence the results of obser- 
vational studies. One potential confounding factor is 
the gestational age of patients administered the three 
different categories of regimens. The 600 mg regimens 
were the most recent regimens studied, and during the 
latter months of the study interval, ultrasonographic 
evidence of fetal cardiac activity became an exclusion 
criterion. This restriction resulted in the patients re- 
ceiving 600 mg regimens having earlier pregnancies on 
average than women receiving the other two categories 
of regimens. This was evident in duration of amen- 
orrhea, initial B-hCG level, and gestational sac size. 
However, this potential confounding effect was con- 
trolled for in the analysis and cannot account for the 
lower failure rate seen with the 600 mg regimens. Since 
chance is an unlikely explanation for these observa- 
tions, the associations with the regimen used, Quetelet’s 
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Table III. Relative risk of failed attempted 
abortion by Quetelet’s index 


Quetelet’s No. of failures! | Relative 
No. of successes risk” 


95% Confidence 


interval 











index 


_ <20.25 11/37 1.0 (Referent) 
20.25-21.80 16/40 1.3 0.5-3.4 
21.81-23.81 22/38 1.6 0.6-4.1 

>23.81 37/39 2.9 1.2-6.9 


*Adjusted for regimen and initial B-hCG level. 


Table IV. Relative risk of failed attempted 
abortion by initial B-hCG level 
















‘Initial 
B-hCG > No. of failures/ | Relative | 95% Confidence 
(mIU/ml) No. of successes risk* interval 





$6350 15/54 1.0 (Referent) 
635 1-19,800 26/52 1.7 0.8-3.8 
>19,800 45/48 2.8 1.3-6.1 


*Adjusted for regimen and Quetelet’s index. 


index, and initial B-hCG level appear to be real and 
clinically important. 

Pharmacologists have proposed an algorithm to ex- 
amine failures Ù respond to drug treatment. The phar- 
maceutical process addresses the question, “Is the drug 
getting into the patient?” Compliance and correct use 
may have influenced our results, since the 600 mg reg- 
imens had closer supervision of drug ingestion. That 
600.mg regimens appear superior to alternative regi- 
mens is consistent with other studies overseas.® |" ° 

The pharmacokinetic process addresses the question, 
“Is the drug getting to its site of action?” After oral 
administration of mifepristone, peak serum levels are 
reached in 1 to 4 hours. The plasma clearance is 10 to 
24 hours,’ which may reflect the low metabolic clear- 
ance and strong binding of mifepristone to albumin. 

Obesity apparently increases the likelihood of failed 
attempted abortion with mifepristone, which may be 
mediated through pharmacokinetic processes. To our 
knowledge, studies of serum levels of mifepristone have 
not stratified results by Quetelet’s index, surface area, 
or other measures of body mass. However, one recent 
report has noted a correlation between failure rates and 
body weight.'* Obese women may experience a dilu- 
tional effect stemming from their larger circulating 
blood volume. This may also be attributed to the higher 
fat content of women in this group and to the high 
lipid solubility of the drug; the calculated log Pocanot/water 
is 5.48 (Eric Lien, PhD, personal communication), while 
the observed log Poaanoiwaer Of progesterone is 3.87. Be- 
sides the dilutional factor of higher body weight re- 
ceiving the same amount of drug, the fat compartment 
may also extract a substantial amount of this highly 
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lipophilic drug, thus reducing its plasma level and ef- 
ficacy. 

Alternatively, obese women may metabolize mife- 
pristone more rapidly to an inactive compound. Obese 
women have been found to have increased metabolism 
of cortisol? Sex hormone—binding globulin levels are 
decreased in obese women, and androgens bound to 
sex hormone—binding globulin are cleared more rap- 
idly in obese women than in other women. Moreover, 
androgens not appreciably bound to sex hormone— 
binding globulin are also cleared at an accelerated 
rate.” Mifepristone may be cleared more rapidly in 
obese women by similar mechanisms. 

The pharmacodynamic process addresses the ques- 
tion, “Is the drug producing the required pharmaco- 
logic effect?” Some obese women have evidence of 
hyperestrogenism’® and the influence of estrogen levels 
on the action of mifepristone is not fully known." 

Finally, the therapeutic process addresses the ques- 
tion, “Is the pharmacologic effect being translated into 
a therapeutic effect?” If mifepristone is not present at 
the target organ in sufficient amount or for a sufficient 
length of time, the effect of endogenous progesterone 
may not be counteracted. If inadequate contractility 
occurs, the abortion does not succeed. The former ex- 
planation may account for failed abortion and the latter 
for incomplete abortion. 

Prediction of failure by hormonal assessment of ges- 
tational age proved superior to either history or ultra- 
sonographic assessment. 8-hCG appears to be the best 
index of the quantity of trophoblast. Larger volumes 
of trophoblast may influence failure rates indirectly 
through prompting of greater production of proges- 
terone by the ovary or directly through placental pro- 
duction of progesterone or greater attachment to the 
decidua. Reported duration of amenorrhea may be less 
useful because of variability of date of ovulation after 
last menses, recall errors, or intentional misreporting. 
Since the gestational age range for inclusion in these 
protocols was known to candidates, misrepresentation 
to gain entry is possible. Even high-resolution vaginal 
ultrasonography does not appear to be as discriminat- 
ing in predicting failure as is B-hCG measurement; this 
may reflect in part the different levels of expertise of 
the clinicians interpreting the scans. 

In conclusion, failure rates with mifepristone for 
abortion should be lowest in slender women with low 
serum B-hCG levels who are given a 600 mg regimen. 
While the regimen can be changed, the other two fac- 
tors are beyond the control of the physician. Obese 
women with an initial B-hCG level in excess of 
19,800 mI U/ml can be predicted to have a failure rate 
severalfold higher. This information may be helpful in 
counseling prospective patients and in choosing an 
abortion technique; for women at high risk of failure 
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with mifepristone, suction curettage may be preferable 
to use of this drug. Determination of B-hCG level 1 
week after initial administration of the drug can ac- 
curately predict patients destined to have failed at- 
tempted abortions; suction curettage can then be of- 
fered instead of further expectant management.” This 
intervention should further reduce the total blood loss. 

Our study points out the need for further pharma- 
cokinetic research with mifepristone. Although the cur- 
rent approach of uniform drug dosage is convenient, 
it may not be optimal therapy for each patient. 


Harlene Breaux, Marie Fielding, Eric Lien, PhD, and. 
Roger Jelliffe, MD, provided technical assistance. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. ALLAN ROSENFIELD, New York, New York. I 
would like to congratulate Dr. Grimes and his coauthors 
for the presentation of an important and carefully de- 
signed study of the key issue of method failure in re- 
gard to the new and highly controversial drug RU 486. 
This is one of the largest studies to date to focus on 
this issue, and thus this is an article of great interest at 
a time of both increasing concern about better methods 
of fertility regulation and active interest in the medical 
approaches to pregnancy termination. 

There has long been interest in the development of 
an antiprogestin agent as a means of interrupting a 
very early pregnancy. Thus Baulieu’s studies™” leading 
to the development of RU 486 have generated great 
enthusiasm both in the scientific community and among 
groups interested in abortion rights. 

While there have been many reports on the mech- 
anism of action of this antiprogestin and of the early 
clinical trials, there has been little written about pre- 
dictors of success or failure. This is a most important 
issue if (or when) this drug becomes widely available. 
As Dr. Grimes mentions, Crowley,’ in an editorial in 
The New England Journal of Medicine, has emphasized 
the absence of “clinical or laboratory indexes” that 
would help to predict success or failure with anti- 
progestional compounds. 

Most clinical reports have focused on dosage levels 
of the drug,’ the effect of combining RU 486 with a 
prostaglandin, and length of pregnancy.” As Dr. 
Grimes suggests, the basic concern has been with safety 
issues and with efficacy, not with the predictors of suc- 
cess or failure. Similarly, as he notes, most reports on 
these issues are based on relatively small numbers, a 
major problem in attempting to draw statistically sig- 
nificant conclusions. 

The present study provides careful statistical analysis 
on the largest series of patients to date on this topic. 
The use of sophisticated logistic regression methods 
strengthens the statistical strength of the study and is 
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a model of the marriage of clinical and epidemiologic 
research. 

In regard specifically to the statistical approach, how- 
ever, I have one basic question for Dr. Grimes. It ap- 
pears from the text that the 13 different RU 486 reg- 
imens discussed were not assigned to women at ran- 
dom. If this assumption is correct, it would be 
important to know how the assignment of dosage was 
made. It, for example, they were assigned on the basis 
of clinical or other characteristics of the women, then 
there would be an opportunity for bias in estimating 
the effects of hypothesized predictor variables on the 
chances for treatment failure. There is a thoughtful 
and convincing discussion of possible confounding 
variables, but this particular question is not clearly an- 
swered. 

This study clearly identifies that a 600 mg dose is 
more effective than a wide variety of other dosage 
schedules, although I was surprised that the overall 
failure rate seems to be higher than that reported in 
other studies.? The tables and data presented do not 
differentiate between a single dose of 600 mg, two di- 
vided doses, and, perhaps of most importance, the com- 
bination of 600 mg with a prostaglandin. A combined 
regimen in which a small dose of prostaglandin is ad- 
ministered vaginally or intramuscularly 48 to 72 hours 
after a single dose of RU 486, with treatment being 
initiated within 3 weeks of the last menstrual period, 
appears in recent reports to be the most effective way 
to medically interrupt a pregnancy.” ** Were there a 
sufficient number of cases of women using the com- 
bination of RU 486 and prostaglandin to be able to 
discuss this issue? I assume that the numbers must be 
small, since the overall success rate within the category 
of 600 mg regimens is only 82%, while much higher 
figures have been reported recently for the combined 
regimen.’ In this study prostaglandin was administered 
intramuscularly. Would Dr. Grimes like to comment on 
the vaginal versus intramuscular route of administra- 
tion of prostaglandin? 

I am also curious why such a large number of dif- 
ferent dosage schedules were chosen for study, as I 
would have thought, from a purely statistical point of 
view, that a smaller number of alternatives would have 
made for a cleaner study, with more definitive results 
on the dosage question. I suspect that the reason relates 
to the fact that the University of Southern California 
group was involved in RU 486 studies from a very early 
point and there simply was inadequate information 
available on effective dosage schedules. Would it be 
possible to list each of the 13 regimens or would the 
numbers in each cell then be too small to be of signif- 
icance? 

I assume that Dr. Grimes chose to use Quetelet’s in- 
dex (weight [kg]/height [m]’) because it gives a more 
accurate representation of total body mass than weight 
alone. The increased risk of larger body mass resulting 
in failure of the method (albeit the risk appears to be 
relatively small) is a significant contribution in that it 
gives the clinician help in discussing the options of a 
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medical versus a surgical procedure with patients de- ' 


siring a pregnancy termination. 

The use of sensitive B-hCG levels as a better predictor 
of length of gestation than simply last menstrual period 
is an important conclusion of this study, particularly 
when -hCG levels are above 19,800 mIU/ml. Clearly 


use of B-hCG level before use of the drug and a repeat | 


test at 1 week gives a very strong indicator of success 
or failure, decreasing the period of waiting to assess 
completion of the abortion procedure. Dr. Grimes, is 
the fall significant enough at 1 week to make the test 
a useful procedure to assess the importance of contin- 
ued bleeding even if no initial test was done? Put an- 
other way, how long does it take B-hCG levels to return 
to normal after an abortion procedure generally, and 
specifically after initiating RU 486 therapy? 

While the use of estimated duration of amenorrhea 
was a weaker predictor, I would like Dr. Grimes to 
discuss what he would recommend when this drug be- 
comes available for general use. Would he suggest that 
all women will need to undergo 8-hCG testing before 
administration of the drug or can duration of amen- 
orrhea be used? This will be a question of particular 
importance, given the costs involved, for clinics serving 
the poor and for programs in developing countries. 

Similarly, I would like his comment on the routine 
use of ultrasonography before prescribing the drug. 
He mentions that vaginal ultrasonography to rule out 
fetal cardiac activity is now a standard procedure.in his 
program. Recent reports suggest that fetal heart activity 
can be detected as early in pregnancy as 40 to 45 days 
after the last menstrual period.” * If this is the case, 
then using vaginal ultrasonography, with its increasing 
sophistication and sensitivity, to select favorable pa- 
tients for therapy will actually result in the exclusion 
of some patients for whom this is still a reasonable 
choice (those >40 to 45 days but <50 days after last 
menstrual period). Again, of course, there are cost im- 
plications of this recommendation for general use. 

Dr. Grimes’ discussion of the pharmacologic phases 
involved in drug therapy are both interesting and 
suggestive of avenues of further research. As he sug- 
s, further studies are indicated, related to what is de- 
scribed as the pharmacokinetics process, that is, “the 
absorption, protein binding, tissue distribution, and 
metabolic or renal clearance” of RU 486. His suggestion 
that we may need to consider different dosage sched- 
ules for different patients, perhaps on the basis of Que- 
telet’s index, is an interesting proposition, although for 
a drug such as this, particularly when coupled with a 
second drug, prostaglandin, a uniform dose schedule 
is clearly preferable. 

Finally, although not the focus of the study reported 
today, as the only major study site in the U.S., I wonder 
if Dr. Grimes would like to comment on the potential 
use of antiprogestin as a once-a-~-month contraceptive 
agent, as suggested by Luukkainen et al.’ 

The development of antiprogestins has been a land- 
mark advance in the field of human reproduction. I 
hope that the political climate in this country will not 
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act to prevent the completion of further studies and 
that the Roussel Uclaf Company will allow the steps to 
be taken to bring it before the Food and Drug Admin- 
istration for appropriate review and hopefully eventual 
approval for use. I congratulate Drs. Grimes and Mish- 
ell and their colleagues for their key role as the only 
U.S. center carrying out these most important studies 
and for doing so in such meticulous and careful ways. 
The study presented today has one of the largest series 
of patients in the literature to date and clearly does 
demonstrate the effectiveness of RU 486 alone or in 
combination with a prostaglandin in terminating very 
early pregnancies in a high percentage of patients. It 
is of major significance in helping to suggest improved 
predictive assessment in regard to the clinical use of 
this new class of compounds. 
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Dr. MORTON A. STENCHEVER, Seattle, Washington. 
I enjoyed the paper very much, but as a neophyte in 
this particular area I would like to know what your 
failure rates were in the three groups. 

PROFESSOR SIR MALCOLM MACNAUGHTON, Glasgow, 
Scotland. I wanted to ask the same question as Dr. Ro- 
senfield, which is, did you consider the use of prosta- 
glandins with mifepristone because in the series of mul- 
ticenter trials done in Europe it has been extremely 
successful with the prostaglandin added? In our de- 
partment 95% of the cases have not required further 
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treatment and only 5% of the cases have required treat- 
ment for hemorrhage or failure to progress. I think 
that the use of prostaglandins and mifepristone is 
pretty standard as far as this treatment is concerned, 
certainly on the other side of the Atlantic. 

Dr. JAMES AIMAN, Milwaukee, Wisconsin. Was the 
=49- days postmenstrual chosen to avoid the luteopla- 
cental shift? The implication of that question is, is the 
drug effective only as a luteolytic agent and ineffective 
when the source of progesterone is placental? 

The second question is, is hCG concentration a vari- 
able independent of length of gestation? Perhaps one 
way to address this is, were there any twins in the study 
with higher levels of hCG and what were the results? 

Dr. Kamran S. Mocuisst, Detroit, Michigan. What 
was the reason for using so many different dosages? 

Dr. Grimes (Closing). First, I want to thank Dr. 
Rosenfield for his thoughtful comments. There is prob- 
ably no physician in the United States who is more 
knowledgeable about the terrible tragedy of abortion 
morbidity and mortality around the world than he. 

In response to his comments, he asked how the as- 
signments were made, and this question was also raised 
by Dr. Moghissi. We used a number of different regi- 
mens because our process was empiric: For example, 
we would start with a given dosage and we would aban- 
don it if it proved to be unrewarding. 

There is acombination in these 13 different regimens 
of some case-series reports and some randomized clin- 
ical trials. 

Dr. Rosenfield raised the question of how many pa- 
tients received 600 mg alone versus 600 mg either re- 
peated or with a prostaglandin. In this series we had 
99-patients who received a single 600 mg dose and 19 
patients who received two doses of 600 mg or 600 mg 
followed by prostaglandin. 

Dr. Rosenfield raised an interesting question about 
vaginal versus intramuscular administration. That is an 
avenue that J think bears further research. I think this 
drug should be well absorbed through the vagina— 
better than it is through the gastrointestinal tract. 
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Why was the last menstrual period not particularly 
useful as a predictor of failuré? We think there are 
several reasons for this. One may be because of recall 
error as to when the last menstrual period occurred. 
Another may be we were intentionally misled. Patients 
knew what the upper threshold was for entry into the 
study and they may have misrepresented the date of 
last menstrual period. The third reason would have to 
do with variation in thé time of ovulation after the last 
menstrual period. 

We found that sonography was better than menstrual 
history but not as good as B-hCG in terms of predicting 
success or failure. In choosing between the use of son- 
ography or B-hCG I think timing is important. For 
example, the vaginal sonogram will give us an instant 
reading as to how far along the pregnancy is, whereas 
with a B-hCG (which is more precise) we have to wait 
until the next day. So that decision may be made on 
the basis of time concerns. 

Dr. Stenchever asked about the failure rates for the - 
different regimens. With the 600 mg regimens there 
were 18 failures and 81 successes, for the 7-day regi- 
mens there were 43 failures and 59 successes, and for 
the other regimens there were 25 failures and only 14 
successes. 

Professor Macnaughton asked about the combination 
with prostaglandins in this area. Drs. Bygdeman and 
Swahn pioneered the use of combined mifepristone 
plus prostaglandins in the mid-1980s, and this is now 
standard practice overseas. We have under way a ran- 
domized clinical trial in our hospital to evaluate this 
approach. 

Dr. Aiman asked about our 49-day cutoff. This also 
has been empiric. We and many other investigators 
have found that the efficacy of the drug falls off sub- 
stantially with time, and by 7 weeks from the last men- 
strual period efficacy rates approach only about 80%. 
This may well represent the luteoplacental shift or just 
better implantation into the decidua by the trophoblast. 

Is B-hCG an independent predictor of failure? We 
found that it was. 


The abnormal fetal biophysical profile score 


V. Predictive accuracy according to score composition 


F. A. Manning, MD, I. Morrison, MB, C. R. Harman, MD, and S. M. Menticoglou, MD 


Winnipeg, Manitoba, Canada 


The relationship between last abnormal biophysical profile score, in total and by variable composition, and 
a spectra of abnormal perinatal outcome end points was examined in 525 fetuses. Highly significant 
inverse relationships between last test score and outcome were observed; relationships were linear for 
most end points and exponential for perinatal mortality end points. For biophysical profile scores <6, 25 of 
the 26 possible variable combinations were observed, at varying frequencies. For a biophysical profile 
score of 6, the positive predictive accuracy for some end points was significantly higher with either 
nonreactive nonstress test/fetal tone absent or nonreactive nonstress test/absent fetal breathing 
movement, and significantly lower with absent fetal breathing movement and decreased amniotic fluid 
volume. For a biophysical profile score of 4, the positive predictive accuracy for some end paints was 
significantly higher with nonreactive nonstress test/absent fetal breathing movement/decreased amniotic 
fluid and was significantly lower with absent fetal movement/fetal breathing movement/fetal tone. No 
significant variation was observed for a biophysical profile score of 2. These data indicate that not all 
abnormal biophysical profile scores are equal. (AM J OssteT GYNECOL 1990;162:918-27.) 


Key words: Biophysical profile score, perinatal morbidity, perinatal mortality, biophysical . 


profile score composition 


Since its introduction in 1980,’ fetal biophysical pro- 
file scoring has gained acceptance as a method for an- 
tepartum fetal risk assessment. Cumulative data from 


several centers involving more than 23,000 high-risk 


pregnancies indicate high and reproducible test accu- 
racy parameters using both perinatal disease and death 
end points.? The method is, based on a survey of five 
biophysical variables: fetal breathing movements, fetal 
movements, fetal tone, fetal heart rate reactivity, and 
qualitative amniotic fluid volume. Each variable is 
coded as normal or abnormal according to fixed cri- 
teria,’ then assigned an equal and arbitrary weight of 
2 if normal and 0 if abnormal, yielding a range of scores 
of 10 (all normal) to 0 (all abnormal). Intervention for 
fetal indication has been recommended for a persistent 
biophysical profile score <6.? The relationship between 
abnormal biophysical profile scores and perinatal out- 
come as reflected by perinatal death and a spectrum of 
end points of perinatal disease has been reported.’ In 
this study we examine these relationships further. The 
purpose of the study was threefold: to determine fre- 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics, Gynecology, and Reproductive Sciences, University of Man- 
itoba School of Medicine. 

Presented by invitation at the Eighth Annual Meeting of the American 
Gynecological and Obstetrical Society, Hoi Springs, Virginia, Sep- 
tember 7-9, 1989. 

Reprint requests: Dr. F. A. Manning, Department of Obstetrics, Gy- 
necology, and Reproductive Sciences, Women’s Hospital, WR-120, 
735 Notre Dame Ave., Winnipeg, Manitoba, Canada R3E OL8. 

6/6/18562 


918 


quency and contrast test accuracy parameters for each 
individual variable of the abnormal score, to deter- 
mine the distribution of abnormal scores by variable 
composition, and to determine differences (if any) in 
test accuracy parameters according to test score com- 
position. 


Method 


Over 88 months (Sept. 1, 1979 to Dec. 31, 1986 in- 
clusive) 525 fetuses were delivered or died within 48 
hours of a last abnormal biophysical profile score <6. 
Maternal risk factors prompting initial referral and cri- 
teria for fetal intervention in this population have been 
reported.® For each of these study fetuses, data on the 
composition of the last biophysical profile score by nor- 
mal and abnormal individual variables and on perinatal 
outcome as reflected by perinatal death and a spectrum 
of perinatal disease markers were entered into a com- 
puter database for analysis. Morbid perinatal outcome 
was defined by the presence of the following end points: 
(1) fetal distress in labor, as defined by the presence of 
periodic fetal heart rate decelerations of which the pat- 
terns, repetitive frequency, and magnitude prompted 
foreshortening of labor by either forceps or cesarean 
section. The designation of fetal distress in labor was 
made in all instances by the attending consultant ob- 
stetrician; (2) abnormal 5-minute Apgar score, as de- 
fined by a score <7 and as determined by an indepen- 
dent observer, usually a neonatologist or anesthetist 
and often both; (3) intrauterine growth retardation 
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1 min Apgar =< 7 


IUGR 


41 107: 85 59° 





MORBID PERINATAL OUTCOME 


Fig. 1. Prevalence of indices of abnormal perinatal outcome, including disease markers of fetal 
distress (FD), admission to a neonatal intensive care unit (NICU), IUGR, and meconium (MEC) and 
death markers of perinatal mortality (PNM), stillbirth (SB), and neonatal death (NND), as observed 
among 367 fetuses with a last abnormal biophysical profile score. 


(IUGR), as defined by a birth weight <10th percentile 
for gestational age and sex as derived from the birth 
weight distribution curves for this population. Among 
stillborn infants, if delivery occurred more than 48 
hours after death, a diagnosis of IUGR was assigned if 
at the last observation before death the ultrasound- 
derived fetal biometric data were <10th percentile for 
gestational age; (4) admission to a neonatal intensive 
care unit, as defined by admission for not less than 24 
hours and for reasons either unrelated to or in addition 
to prematurity. The decision to admit a child to a neo- 
natal intensive care unit was the exclusive jurisdiction 
of the neonatologist; and (5) cumulative morbid peri- 
natal outcome as defined by the presence of one, or 
more of these end points. 

In addition, the incidence of a low I-minute Apgar 
score (<7) and the presence of meconium staining of 
amniotic fluid were recorded but not used as end points 


of morbid perinatal outcome. Because umbilical artery. 


pH was not recorded consistently and data were avail- 
able in only 29% of cases, this end point was not used. 

Perinatal death was defined as death of a fetus of at 
least 500 gm or of a neonate up to day 28 of life. 
Perinatal death was further subdivided according to the 
time of death (stillborn or neonatal death). 

Predictive accuracy of each individual biophysical 
profile score variable and combination of variables was 
determined by calculation of sensitivity, specificity, and 


positive and negative predictive accuracy for each in-. 


dividual end point of abnormal perinatal outcome and 
for cumulative morbid outcome. 


A range of statistical tests was applied, including 
x’? with Yates correction when appropriate; Mantel- 
Haenszel x? for trend analysis; linear, exponential, 
multiple linear, and logistic regression analysis; and 
Student ¢ test for paired values of unequal variance. 
Statistical significance was defined by p < 0.05 for é test 
results and for r° values and p < 0.01 for multiple x? 
analysis. 


Results 


Five hundred twenty-five fetuses were delivered 
within 48 hours of a last abnormal biophysical profile 
score; the average gestational age at delivery was 31.3 
weeks (range 26 to 43 weeks). Last abnormal biophys- 
ical profile scores were distributed as 131 fetuses with 
a score of 6 (24.9%), 250 with a score of 4 (47.8%), 113 
with a score of 2 (21.5%), and 31 with a score of 0 
(5.8%). In this select population, the prevalence of cu- 
mulative morbid outcome was 69.9% and the preva- 
lence of individual markers of morbid perinatal out- 
come ranged from 16.2% for a low 5-minute Apgar 
score (<7) to 60% for fetal distress (Fig. 1). Fifty-nine 
perinatal deaths were recorded (perinatal mortality rate 
112 per 1000), of which 32 were stillborn (rate 61 per 
1000) and 27 were neonatal deaths (rate 51 per 1000). 

Individual variables and outcome. Within the pop- 
ulation of last abnormal test results, the most commonly 
recorded abnormal variable was fetal tone (79.4%) and 
the least commonly recorded abnormal variable was 
decreased amniotic fluid volume (42.7%) (Table I). Sig- 
nificant differences in frequency of individual abnor- 
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Table I. Individual biophysical profile score variables and perinatal outcomes: analysis by test 
„accuracy parameters 












Perinatal outcome end points (%) 


Biophysical profile score % Low 5-min 
variable Abnormal Apgar FD | IUGR | NICU | PNM | SB | NND | Cum. Ab. | Meconium 
Fetal breathing movement 59.2 . i 
Sensitivity 70.59 61.9 65.8 62.9 69.5 75 62.9 61 57.9 
Specificity 42.9 44.7 446 442 42.1 418 41 44.9 40.4 
PPA 19.3 62.7 40.8 43.7 13.3 7.3 5.5 72 20 
NPA 88.4 44.3 70.2 65.5 93 97.2 96.4 43.2 79.7 
Fetal movement 66.5 . 
Sensitivity 65.91 66.6 61.1 62.2 62.7 ` 75 48.1 65.1 69.1 
Specificity 33.4 34.3 30.4 30.8 33.12 34 32.5 30.38 34.21 
PPA 15.5 60 33.8 38.1 1I1L7 7i 4.2 69.5 22.2 
NPA 94.5 41 67.4 55.5 87.5 95.5 92.3 27.5 81.2 
Fetal tone 79.4 : 
Sensitivity 80 78.4 75.1 74.1 814 87.5 741 77.4 80.4 
Specificity 20.7 19.5 18.1 17 20.8 21.1 20.4 15.8 20.8 
PPA 16.4 59.3 34.7 37.8 11.6 4.2 4.8 69.2 19.4 
NPA f 94.5 37.2 56.6 49.1 90.1 97.3 93.6 13.5 81.6 
Nonstress test 60 ; 
Sensitivity 80 72.1 74.1 74.1 88.1 90.6 85.2 69.2 63.5 
Specificity 43.9 58.1 48.2 49.7 43.7 42 41.4 61.4 40.9 
PPA 21.6 72.1 45.4 50 16.5 10.2 7.3 80.7 21.6 
NPA 91.9 58.1 76.2 73.8 96.7 98.7 98.1 46.2 81.4 
Amniotic fluid volume - 42.7 
Sensitivity 56.5 48.2 554 50 64.4 62.5 66.7 47.7 48.6 
Specificity 60 56.7 648 62.5 70 58.6 58.3 69 58.8 
PPA ' 21.4 65.7 47.7 47.1 16.9 9.3 8.1 87.2 13.3 
NPA 87.6 45.8 714 648 93 96.1 97.1 36.3 81.3 


FD, Fetal distress; NICU, neonatal intensive care unit; PMN, perinatal mortality; SB, stillbirth; NND, neonatal death; Cum. Ab., 


cumulative abnormal outcome; PPA, pees predictive accuracy; NPA, negative predictive accuracy. 


mal variables were recorded between all pair compar- 
isons except the frequency of absent fetal breathing 
movement to decreased fetal movement and of de- 
creased fetal movement to nonreactive nonstress test 
(Table I). No significant variation in test accuracy pa- 
rameters for individual test variables was reported for 
any of abnormal perinatal outcome variables either 
alone (Table I) or'in combination. 

Biophysical profile score: composition and out- 
come. Highly significant inverse linear correlations 
were observed between the last biophysical profile score 
and each end point of morbid perinatal outcome and 
with cumulative morbid outcome (Table IH). Highly sig- 
nificant inverse exponential (log base 10) relationships 
between the last biophysical profile score and perinatal, 
stillbirth, and neonatal death rates were observed 
(Table II). No significant relationships between last test 
score and the incidence of meconium was observed 
(Table II). 

Ten possible combinations of variables can yield a 
biophysical profile score of 6; we observed nine of these 
(Table IIT). The distribution of observed combinations 
by frequency was not uniform, and for one combination 
only a single example was recorded (Table III). For the 
remaining eight combinations for which statistical anal- 
ysis was possible, significant variation in positive pre- 
dictive accuracy as compared with the mean positive 


predictive accuracy of a biophysical profile score of 6 
was recorded for three combinations (Table III). The 
positive predictive accuracy of fetal distress and peri- 
natal death was significantly higher when the biophysical 
profile score of 6 occurred because of a nonreactive 
nonstress test and absent fetal tone. Similarly, the pos- 
itive predictive accuracy of fetal distress, admission to 
neonatal intensive care unit, and cumulative morbid 
outcome was significantly higher when the biophysical 
profile score of 6 occurred because of a nonreactive 
nonstress test and the absence of fetal breathing move- 
ments. In contrast, the biophysical profile score of 6 in 
which absent fetal breathing movements and AFV were 
the abnormal variables yielded a significantly lower pos- 
itive predictive accuracy for fetal distress. 

Ten possible combinations of variables can yield a 
biophysical profile score of 4; we observed all possible 
combinations, but in varying frequency (Table IV). For 
two of these combinations numbers were insufficient 
to permit statistical analysis. Of the remaining eight 
combinations subjected to statistical analysis, significant 
variation in positive predictive accuracy was observed 
for two combinations (Table IV), The positive predic- 
tive accuracy of a biophysical profile score of 4 in 
which fetal movement and fetal tone were the only 
normal variables (nonreactive nonstress test, absent fe- 
tal breathing, abnormal amniotic fluid volume) was sig- 


Volume 162 
Number 4 


Table II. Perinatal outcome variables 







' Last biophysical pees <7 
profile score 


“32.06 


6 9.16 43.51 . 29 

4 12.40 57.60 31.6 37.2 

2 24.11 75 47.32 53.6 

0 48.39 96.77 74.2 56.7 

r — 0.939 ~0.995. —0.941 — 0.964 
r 0.882+ 0.9914 0.886t 0.9294 
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Cumulative 
morbidity’ Meconium 






56.78 6.11 3.82 2.29, 15.27 
67.6 7.60 1.60 6.0 21.2 
80.36 15.32 10.71 4.46 24.11 
. 100. 48.39 35.48 12.90 22.58 
— 0.984 ~ 0.988 — 0.964 — 0.983 ~0.719 
0.9694 ‘0.9684 0.9414 0.9624 0.588 


NICU, Neonatal intensive care unit; PMN, perinatal mortality; SB, stillbirth, NND, neonatal, death. 


*Exponential log base 10. 
tp < 0.05. 
p < 0.01. 


Table ITI. Biophysical profile score of 6 (three variables normal/ two variables abnormal) 







Frequency 


Score composition 
by normal variable 





FBM/FT/AFV 0 0 — — 
FBM/FT/NST i 0.7 — 
FT/NST/AFV 7 5.3 14.2 28.6 
FBM/FM/AFV 8 6.1 25 87* 
FM/FT/AFV 11 8.4 18.2 63.6 
FBM/FM/NST 13 9.9 7.7 46.1 
FM/NST/AFV 14 10.7 71 35.8 
FM/FT/NST 14 10.7 0 -14.34 
FBM/FM/FT 24 18.3 8.31 54.1 
FBM/NST/AFV 39 29.7 7.7 35.8 
Biophysical pro- 131 100 9.16 43.5 


file score of 6 
(by any combi- 
nation) 





Positive predictive accitvacy (%) 


Cumulative 
morbid 
outcome 






18.6 14.3 ` 28.6 0 

50 37.5 87.5 12.5 370* 
36.4 81.8% 90.1* 18.1 90 
38.5 46.1” 69.3 15.3 83 
21.4 21.4 °° 64 21.4 0 
21.4 14.3 ` 42.3 0 0 
45.8 41.6 75 25 43 
15.4 20.5 41 15.4 26 
29.1 32.1 58.8 15.3 61 


NICU, Neonatal intensive care unit; PNM, perinatal mortality; FBM, fetal Breathing movement; FT, fetal tone; AFV, amniotic 


fluid volume; NST, nonstress test; FM fetal movement. 


*Positive predictive accuracy significantly higher than the mean for a biophysical profile score of 6 by any combination. 
tPositive predictive accuracy significantly lower than the mean for a biophysical profile score of 6 by any combination. 


nificantly higher than for the mean for a biophysical 
profile score of 4 for all abnormal outcome variables 
except perinatal death (Table IV). The positive pre- 
dictive accuracy for this combination did not vary sig- 
nificantly from that reported for a biophysical profile 
score of 2 when measured against all outcome variables 
except perinatal death. In contrast, for the combination 
of a normal (reactive nonstress test) and normal am- 
niotic fluid volume (abnormal fetal movement, absent 
fetal breathing, and absent fetal tone), the positive pre- 
dictive accuracy for the end points of fetal distress, 


IUGR, admission to neonatal intensive care unit, and . 


cumulative morbid outcome was significantly lower than 
the mean for a biophysical profile score of 4. This par- 
ticular combination had a positive predictive accuracy 
for these end points comparable to that observed for 
a biophysical profile score of 6. 

Five possible combinations of variables yield a bio- 
physical profile score of 2; we observed all, at varying 


i frequencies (Table V). For four of the five possible com- 
- binations numbers in each cell were sufficient to permit 


statistical analysis. No significant variation in positive 
predictive accuracy for any combination against any 
of the abnormal outcome variables were observed 
(Table V). l 

Logistic regression analysis was applied to these col- 
lective data to yield a model of best fit based on variable 
inclusion and relative weighting of the indiviudal vari- 
ables. Variable inclusion and relative weight varied by 
select abnormal outcome end point (Table VI); for all 
abnormal perinatal outcome end points the regression 
model was highly significant. 

The nonstress test, fetal breathing movements, and 
amniotic fluid, volume determinations were always es- 
sential variables for any abnormal outcome end point 
prediction. For any abnormal outcome end point, the 
relative weighting was highest for a nonreactive non- 
stress test and least for absent fetal breathing move- 
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Table IV. Biophysical profile score of 4 (two variables normal/three variables abnormal) 














Positive predictive accuracy (%) 


















Score composition 
by normal variable 





FBM/FT 2 0.8 — — 
FT/NST 3 1.25 — — 
FT/AFV 14 5.8 21 86 
FM/NST 14 5.8 21 50 
FBM/FM 17 7 17.6 65 
FM/AFV 22 9.6 9 68 
FBM/NST 25 10.4 6 60 
FM/FT 31 12.9 25 77 
FBM/AFV 58 24.1 69 57 
NST/AFV 64 26.6 ` 4.6 377 
Biophysical pro- 250 100 12.4 57.6 


file score = 4 
(by any combi- 
nation) 


Fetal 
distress 






Cumulative 
morbid 
outcome 







PNM 
per 1000 


NICU 
` admission 






Meconium 






50 57 85 21 71 
43 28 57 14 71 
35 58 29 23 176 
40 50 72 27 91 
28 40 28 60 40 
58 68 87 16 29.5 
20.6 31 70 22 34 
18} 18} 48+ 14 15 
31.6 37.2 67.6% 21.2 76 





NICU, Neonatal intensive care unit; PNM, perinatal mortality; FBM, fetal breathing movement; FT, fetal tone; NST, nonstress 


test; AFV, amniotic fluid volume; FM fetal movement. 


*Positive predictive accuracy significantly higher than mean of BPS of 4 by any combinaton. 
}Positive predictive accuracy significantly lower than mean of BPS of 4 by any combination. 


Table V. Biophysical profile score of 2 (one variable normal/four variables abnormal) 





Frequency 






5-min Low Fetal 






Score composition 





by normal variable Apgar distress 
FT only 1 0.8 — — 
FM only 7 6.2 42.3 85.6 
NST only 15 13.3 13.3 66.6 
FBM only 26 23 26.9 76.9 
AFV only 64 56.6 23.8 74.6 
Biophysical pro- 113 100 24.4 75 


file score = 2 
(by any combi- 
nation) 













IUGR 





Positive predictive accuracy (%) 





Cumulative 
morbid 


outcome 


NICU 
admission. 





Meconium 


85.6 57 85.6 20.5 428 


26.6 53 73.3 26.6 . 66 
57.6 50 80.7 11.5 238 
42.3 55.9 77.3 23.8 142 


47.3 53.5 80.36 24.1 153 





NICU, Neonatal intensive care unit; PNM, perinatal mortality; FT, fetal tone; FM, fetal movement; NST, nonstress test; FBM, 


fetal breathing movement; AFV, amniotic fluid volume. 


ments. Fetal tone was a requirement of the logistic 
regression model for two abnormal outcome end 
points, fetal distress and perinatal death. Fetal move- 
ment was a requirement for the logistic regression 
model for prediction of fetal distress only. 


Comment 


In the original description of fetal biophysical profile 
scoring as a method of antepartum fetal risk assess- 
ment, in which 216 high-risk fetuses were studied (47 
of whom had a last biophysical profile score <6), the 
principle emerged that test accuracy was enhanced as 
more variables were considered, reaching a maximum 
when all five variables were used.' The current study, 
in which the number of fetuses with a last biophysical 
profile score =6 (n = 525) was increased by more than 
elevenfold, sustains this principle. Individual compo- 


nents of the score varied by frequency of occurrence, 
but not by test accuracy. The positive predictive accu- 
racy of the composite of all five variables always ex- 
ceeded that for individual variables. Analysis of the 
results of a biophysical profile score of 2, in which only 
a single variable of the composite score remained nor- 
mal, offers unique ‘insight into these relationships. 
When the results of the 113 fetuses with a last bio- 
physical profile score of 2 are contrasted with previ- 
ously reported results of 6500 comparable fetuses with 
a last normal biophysical profile score result,’ whereas 
variation in the frequency of the abnormal perinatal 
outcome end points is nonsignificant (Table V), the 
observed frequency for all abnormal end points is al- 
ways many times higher than observed among fetuses 
with a last normal score. Thus, for example, a reactive 
nonstress test in the presence of absent fetal breathing 
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Table VI. Logistic regression analysis: Biophysical profile score variables against perinatal 


outcome variables 








Intercept* —4.114 ~ 1.560 
Variables* 
FBM 0.888 0.575 
FM — 0.666 
FT 0.717 — 
NST 1.286 1.416 
AFV 0.937 0.921 
Model x? 39.86 72.05 
Sensitivity 70.6% 73.5% 
Specificity 62% 55.7% 
Positive predictive accuracy 26.4% 71.4% 
Negative predictive accuracy 91.6% 58.5% 


5-min Fetal 
Apgar <7 distress 


Perinatal outcome variable 






Cumulative 
NICU morbid ; 

IUGR admission outcome PNM 
— 2.025 — 1.621 — 0.442 — 5.567 
0.663 0.515 0.456 0.896 
= — — 0.994 
1.037 1.073 0.316 1.944 
0.937 0.580 0.786 1.340 
56.87} 45.05f 59.734 51.28f 
73.7% 64.2% 69.2% 74.6% 
53.9% 64.1% 61.4% 67.1% 
48.1% 54.8% 81.6% 23.3% 
77.8% 72.5% 76.2% 95.4% 


NICU, Neonatal intensive care unit; PNM, perinatal mortality; FBM, fetal breathing movement; FM, fetal movement; FT, fetal 


tone; NST, nonstress test; AFV, amniotic fluid volume. 


*Slope calculated as intercept + [a : (FBM) + b- (FM) + c+ (FT) + d- (NST) + e: (AFV)]. 


tp < 0.001. 
tp < 0.0001. 


movement, fetal movement, fetal tone, and decreased 
amniotic fluid volume is not reassuring, being associ- 
ated with as low as a 3.7-fold increase in the incidence 
of a low 5-minute Apgar to as high as a 17-fold increase 
in perinatal death.* Furthermore, for all end points of 
abnormal outcome, a significant inverse relationship 
with last test score was observed. These latter relation- 
ships are not new, having been previously reported 
from our clinical laboratory’ by Baskett et al.* and hav- 
ing been shown to persist when umbilical artery pH 
recorded after cesarean section without labor is used 
as the end point.’ 

In the original description of the method, it was as- 
sumed all variables of the composite biophysical profile 
score contributed to the positive predictive accuracy 
and in an equally proportionate manner (hence the 
arbitrary assignment of equal score weights for vari- 
ables). The data from this current study cast some 
doubt on this assumption. First, within biophysical pro- 
file score result subgroups, the distribution of score 
combinations is not equal, nor is the positive predictive 
accuracy constant across possible combinations. It is 
unfortunate that despite almost 8 years of data collec- 
tion we were able to observe only 25 of the 26 possible 
combinations for scores of 6, 4, and 2 and, furthermore, 
that for four of these possible combinations numbers 
were insufficient to permit analysis. Despite these draw- 
backs, the data available from the remaining 21 com- 
binations indicate that all variable combinations for 
score subsets are not equal in predictive accuracy. For 
a biophysical profile score of 6, whereas the positive 
predictive accuracy for any of the abnormal outcome 
variables is always higher than that reported for a nor- 


mal score,* the probability of fetal distress or death 
when the nonstress test and fetal tone were abnormal 
was significantly higher, and when fetal tone and fetal 
breathing movements were absent the probability of 
fetal distress was significantly lower (Table III). Similar 
significant variation in positive predictive accuracy oc- 
curred within subsets of variable combinations yielding 
a biophysical profile score of 4. These variations dis- 
appeared with a biophysical profile score of 2. By lo- 
gistic regression analysis, it is evident that models of 
best fit against the spectra of abnormal outcome end 
points vary by both relative variable weight and by vari- 
able inclusion. The nonstress test, amniotic fluid vol- 
ume, and fetal breathing movements emerge as the 
most powerful variables and are necessary for all end 
point equations. Fetal tone plays a lesser role, and fetal 
movement is important only for the model of best fit 
for prediction of fetal distress. 

It remains unclear from these data to what extent 
interdependance of variable assessment contributes to 
predictive models. An example of variable indepen- 
dence would be fetal movement and the nonstress test. 
By the definition we used, a reactive nonstress test im- 
plies fetal movements are present, yet we observed at 
every composite score level examples of a reactive non- 
stress test and abnormal fetal movement. Although this 
paradox may arise because the number of fetal move- 
ments needed for normal designation (3 or more in 30 
minutes) is greater than the number of accelerations 
for a reactive nonstress test (2 in 20 minutes), it seems 


-more likely to be a result of the sequential testing 


method, in which fetal movements are recorded ini- 
tially by a dynamic ultrasound method, then the fetal 
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heart rate is recorded by a Doppler ultrasound method. 
The interval between recording of the two modalities 
might be sufficient to exceed the usual sleep-wake cycle 
of the fetus. Resolution of this issue awaits the intro- 
duction of simultaneous measurement techniques. 
These new observations need to be interpreted in the 
clinical context with some caution. Although these data 
demonstrate that the positive predictive accuracy of 
combinations does significantly vary, these data do not 
diminish the significant relationship between the ab- 
normal scores and abnormal outcome. Thus, although 
a biophysical profile score of 4 in which the nonstress 
test is reactive and amniotic fluid volume is normal has 
a positive predictive accuracy more similar to a score 
of 6, the risk of adverse outcome still remains increased.. 
Thus these data do not support the concept that an- 
tepartum fetal assessment can be reduced to nonstress 


testing and amniotic fluid volume determination, as has . 


been suggested.’ The clinical application of these data, 
by constructing a new scoring system in which variables 
receive relative weights (Table VI), is an intriguing con- 
cept but will require rigorous clinical testing. The very 
good results achieved to date with the existing method 
and the paucity of abnormal scores within the high-risk 
population will make completion of this study difficult 
in the short term. 

It was our hope that analysis of these data might 


reveal a sequential pattern of progressive loss of vari- 


ables preceding either score deterioration or the oc- 
currence of select end points of adverse outcome. Such 
a pattern, if it exists, is not apparent. The spectra of 
possible combinations observed yielded a full range of 
adverse outcome and the positive predictive accuracies 
for any of the possible combinations, while variable, 
were always high. These data suggest that the switching 
off of normal biophysical variables in the process of 
deterioration must depend more on the extent and 
cadence of the disease process than on specific thresh- 
olds. Although the concept of response thresholds re- 
mains attractive, it would seem that the complexity of 
fetal disease is such that recognizing these patterns will 
remain exceedingly difficult. 

In summary, it seems that some 10 years after the 
original article on fetal biophysical profile scoring, the 
essential foundation on which the concept was con- 
structed remains solid: multiple variable testing is a 
reliable means of detecting the presence and quanti- 
fying the magnitude of fetal risk. The expanded ex- 
perience confirms that not all abnormal tests are equal, 
but rather vary by composition. Active management of 
a score =4 has been advocated with excellent clinical 
success, whereas repeat testing in the immature fetus 
with a score of 6, has been recommended, with active 
intervention reserved for the fetus with the persistent 
score of 6.” These data now suggest that for some fe- 
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tuses with a score of 4 (i.e., those who retain a reactive 
nonstress test and normal amniotic fluid volume), re- 
peat testing rather than active intervention may be ap- 
propriate. However, future advances will be as likely 
the result of adding new variables to the spectrum as 
to modifying the original method by inclusion or 
weighting criteria of the original variables. 
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Discussion 


Dr. IRWIN R. MERKATZ, Bronx, New York. The sci- 
ence of antepartum fetal assessment is now a quarter- 
century old. It is considered to have originated with 
Liley’s use of the change in optical density at 450 nm 
and Saling’s search for meconium with the amnioscope. 
The science has experienced misadventures associated 
with containers full of 24-hour urine samples, serial 
measurement of changes in hormones and enzymes, 
and attempts to link such changes to the fetus’ condi- 
tion. Antepartum fetal assessment has, but recently, 
confirmed a mother’s recognition of loss of fetal move- 
ment as a more reliable indicator in forecasting fetal 
disaster.’ It has produced convincing evidence that fetal 
movement is typically associated with a healthy, reactive 
acceleration of the heart rate, provided the fetus is 
neurologically mature and awake. New concepts of sen- 
sitivity and specificity have been introduced into the 
daily lexicon of the practicing obstetrician. This new 
science has indelibly altered the content of prenatal 
care. 

In the 1980s real-time ultrasonography has sup- 
planted all other tools in providing obstetricians with 
data about fetal status. Dr. Manning and his coworkers 
have been at the forefront of developments in this 
arena. They were the first to report using a 10-point 
fetal biophysical profile score with nonstress heart rate 
monitoring together with four ultrasonic parameters. 
A healthy fetus demonstrates a reactive nonstress test, 
periodic breathing movements, discrete body move- 
ments, and adequate limb tonus. These fetal changes 
and the volume of amniotic fluid are assessed by a 
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trained professional. Algorithms of clinical interven- 
tion are advocated for scores of <6. 

The authors’ current work attempts to dissect the 
abnormal score to determine whether one combination 
of components has greater predictive value than do 
others. There are 25 possible combinations for a score 
of 6, 4, or 2. Elegant statistical evaluation demonstrates 
that the nonstress test, fetal breathing movement, and 
amniotic fluid volume determinations are always essen- 
tial variables for adverse otucome prediction. Although 
the nonreactive nonstress test is awarded highest rel- 
ative weighting in logistic regression models predicting 
abnormal outcome, a reactive test, by itself, is not always 
reassuring. The data fail to reval a consistent sequence 
of loss with these five parameters; and are interpreted 
as not supporting any proposed streamlining of the 
procedure to incorporate just nonstress testing and the 
amniotic fluid volume determination. In these two re- 
spects the authors disagree with other investigators in 
the field.?° 

Their data are derived from a retrospective review 
of the outcome of 525 fetuses who either were delivered 
or died within 48 hours of a last abnormal biophysical 
profile score. They are but a tiny subset of a much 
larger sample compiled over 1979 to 1987. To para- 
phrase one politician, “we must question whether or 
not we are better off today than we were eight years 
ago.” During the period of study, the perinatal mor- 
tality rate in the United States fell from 18.3 per 1000 
to 14.4 per 1000 livebirths. The neonatal mortality rate 
fell by 25%, while the now higher fetal death rate fell 
by only 17%.* To date no prospective randomized con- 
trolled trials have proved the efficacy of this type of 
antepartum fetal testing nor clarified how much it has 
contributed to our continuing decline in perinatal 
death.? In view of the financial and professional re- 
sources required and the competing demands on such 
resources, a response to such issues must be forthcom- 
ing. At our own center we also use twice-weekly fetal 
testing. In one recent 2-year period, all of the ante- 
partum deaths occurred in the nontested population. 
Obviously high-risk identification remains the critical 
first step because no one is yet advocating investing in 
universal testing for all pregnancies. 

I have several questions for Dr. Manning. First, how 
does he explain the fact that there were twice as many 
scores of 4 as there were scores of 6 in this data set, if 
indeed testing identifies a continuum of fetal deterio- 
ration? Why were there so many stillbirths and such a 
high perinatal mortality rate if the testing protocols 
were followed? Why was the risk of stillbirth relatively 
greater among scores of 6 than among scores of 4? 
What was the interobserver variability of the scoring 

_ process?’ How does Dr. Manning adjust the scoring and 
management for a nonreactive nonstress test when 
there are additional fetal heart rate abnormalities such 
as spontaneous variable or late decelerations?’ Finally, 
if the mean gestational age at delivery was only 31.3 
weeks, then the mean gestational age at testing was but 
31.1 weeks. Many of the fetuses were probably too im- 


Abnormal fetal biophysical profile score. V 925 


mature to demonstrate a reactive nonstress test. How 
did that affect the scoring and the decision to intervene 
in these pregnancies? 

I compliment Dr. Manning and his colleagues for 
their pursuit of clarifications and new insights into this 
most important clinical issue. 
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Dr. THomas H. Kirscupaum, Los Angeles, Califor- 
nia. I enjoyed your paper very much as I have enjoyed 
everything you have written in this area. I think I un- 
derstood it, but I would like to ask two things. 

First, could you say anything about the relative pre- 
dictive value, positive‘and negative, of the nonstress 
test versus the multiple regression equation that you 
have shown to us? That may not be a question that is 
amenable to answer, but I would like to hear you try. 

Second, to fit amniotic fluid volume to a regression 
equation you must use it as a continuous variable. Does 
the frequency distribution of that variable enable you 
to decide what is normal and abnormal? And if so, what 
is the positive and negative predictive value of abnor- 
mal amniotic fluid volume alone versus the regression 
equation? , 

Dr. RICHARD Depp, Philadelphia, Pennsylvania. In- 
asmuch as gestational age is a determinant to some 
extent of how you use the biophysical profile, and be- 
cause gestational age is a determinant of two of your 
outcomes (i.e., how long the baby is in a neonatal in- 
tensive care unit and perhaps even the Apgar score), 
have you looked at gestational age as one of the vari- 
ables in your formula? l 

Dr. RICHARD BERKOWITZ, New York, New York. If 
I understood the slides correctly, abnormal fetal tone 
seemed to be the most common abnormality seen in 
each of the three groups, yet it was the least valuable 
predictor of poor outcome. You have defined abnormal 
fetal tone as opening and closing of the fetal hand, but 
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I do not think that this is a widely accepted definition. 
To my knowledge most people use criteria that involve 
the return of limbs to initial positions of flexion or 
flaccid presentation of the fetus. 

Do you think that if you used a different definition 
of fetal tone that you might find it to be a more valuable 
predictor? 

Dr. EBERHARD MUELLER-HEUBACH, Winston-Salem, 
North Carolina. In one of the early slides there was a 
comparison between biophysical profile scores and var- 
ious adverse outcomes. It is difficult to understand the 
high percentage of admissions to a neonatal intensive 
care unit in the group with a biophysical profile score 
of zero. 

The issue of fetal breathing movements as part of 
this profile has always been a troubling one because 
many physiologic circumstances influence this partic- 
ular aspect (e.g., glucose concentration). There is a 
diurnal pattern to fetal breathing and furthermore, it 
is altered for some time before the onset of labor. It is 
conceptually difficult to understand how this can be 
used as an indicator of a pathologic condition. 

Finally, in the biophysical profile scoring groups with 
a value of 2, it was said that there was no statistical 
difference when one compared those with a reactive 
nonstress test with all the other groups. However, when 
one looked carefully, one saw that the perinatal mor- 
tality in patients with a reactive nonstress test was mark- 
edly lower than that in the other groups. There were 
only 15 patients in that particular group. The fact that 
statistical significance was not reached may be merely 
a result of a Type H error. 

Dr. MILTON LEE, Los Angeles, California. Because 
you have stressed the predictive importance of the non- 
stress test and also of the amniotic fluid volumes that 
you measured qualitatively, and because we are all fa- 
miliar with varying criteria for a reactive nonstress test 
across the country, I would be appreciative of your 
definition of the reactive nonstress test and the quali- 
tative amniotic fluid volume. 

Dr. MANNING (Closing). I was never short of opin- 
ions. In fact, my mother told me I was born with one. 
Nonetheless, in view of the number of questions posed 
I do not think there is sufficient time to address them 
all. 

Dr. Merkatz has suggested that the application of 
sophisticated antepartum fetal surveillance has not re- 
duced fetal mortality. I would challenge this position 

` in light of our own published data! and that of Baskett 
et al? Both studies were conducted in large referred 
high-risk obstetric populations and show a large and 
sustained fall in fetal death rates. In Manitoba the in- 
stitution of antepartum fetal assessment by fetal bio- 
physical profile score has yielded a near 50% drop in 
fetal deaths in the study population and a >30% re- 
duction in fetal death rates for the entire obstetric pop- 
ulation. 

Dr. Merkatz notes there are fewer biophysical profile 
scores with results of 6 (N = 131) than otherwise ex- 
pected. The discrepancy is real, resulting from a power 
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surge loss of some computer data files. Subsequent to 
submission of this report to Dr. Merkatz for his review 
the data files have been recovered and analyzed; the 
updated file of 641 cases with a biophysical profile score 
of 6 yields not significant variation from that presented 
today. I considered it unfair to give my reviewer one 
data set then present another so I have stuck to the 
original submission with the knowledge that the added 
data only confirms the original. 

In regard to interobserver variability for biophysical 
profile score determination we have maintained a keen 
interest in these questions because we may have as many 
as 15 observers in our program. We have published 
data on these factors previously showing a minimal in- 
traobserver variability, the result no doubt of the very 
strict and rigid criteria for biophysical profile score— 
variable scoring. 

Several questions about variable criteria were raised. 
Dr. Lee asked about the definition used for nonstress 
test results. By our criteria a reactive (normal) nonstress 
test is defined by two accelerations of the fetal heart 
rate-of at least 15 beats/min amplitude and 15 seconds 
duration in a 20-minute period. A nonreactive non- 
stress test is a test that fails to meet these criteria in 40 
minutes. Dr. Paul asked when do we do a nonstress 
test? The answer is whenever one or more of the dy- 
namic ultrasonography-monitored variables of the fetal 
biophysical profile score is abnormal. 

Dr. Kirschbaum and Dr. Lee sought further clarifi- 
cation of normal and abnormal amniotic fluid volume. 
We record the vertical axis of the largest pocket of 
amniotic fluid in all cases, but use a pocket of <2 cm 
as the definition of abnormal amniotic fluid volume. 
We have previously published the relationship of am- 
niotic fluid pocket size and perinatal mortality.’ 

Dr. Meuller-Heubach questioned the value of fetal 
breathing monitoring in view of the many factors 
known to affect this fetal activity. He is of course quite 
correct in pointing out the effects of glucose, labor, 
smoking, and circadian rhythms. However, I think 
there is some confusion here. These variables will affect 
the incidence, that is the proportion of time spent 
breathing, but not the presence or absence of breath- 
ing. In the fetal biophysical profile it is this binary con- 
cept that is used, not the incidence of fetal breathing. 

Dr. Berkowitz’s question with regard to the definition 
of fetal tone is interesting. In our group as the 
resolution of our ultrasonographic instruments has 
improved we have moved from the limb flexion- 
extension-flexion definition of tone toward more spe- 
cific analysis of fetal hand movement, that is the open- 
ing and closing of the fetal hand. Studies in fetuses 
paralyzed by intravascular pancuronium help define 
these tone characteristics. In such fetuses in which 
blood gases are known by measurement to be normal, 
we can show that both limb measurements of tone and 
hand measurements of tone are similar and inter- 
changeable. We prefer the hand measurement of tone 
because in our clinical laboratory its use minimizes in- 
terobserver variability. 
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Designing a schedule of progestin administration in the control 
of endometrial carcinoma growth in the nude mouse model 


Rodrigue Mortel, MD, Richard J. Zaino, MD, and Pondichery G. Satyaswaroop, PhD* 


Hershey, Pennsylvania 


We previously showed that combined treatment with tamoxifen and progestin was effective in arresting the 
growth of human endometrial carcinomas in the nude mouse model. After a 15- to 20-week tumoristatic 
period, the tumors began to regrow, reminiscent of the clinical situation. Lack of progestin sensitivity during 
the regrowth period appeared to reflect the absence of progesterone receptor. To test the prediction that 
intermittent progestin administration may circumvent the regrowth phenomenon, the effect of various doses 
of progestin on blood progestin levels, EnCa 101 tumor progesterone receptor profiles, and rate of tumor 
growth were examined. Whereas 1 mg progestin was ineffective in totally down-regulating tumor 
progesterone receptor, 2 and 5 mg doses resulted in the total disappearance of tumor progesterone 
receptor by 1 week followed by its reappearance at 5 to 6 weeks and 9 to 10 weeks, respectively. On the 
basis of these results we predict that intermittent progestin administration may result in better control of 
endometrial cancer growth in the nude mouse system. (Am J OssTeT GYNECOL 1990;162:928-36.) 


Key words: Endometrial cancer, progesterone receptor, combination treatment ` 


Progestational agents are widely used in the treat- 
ment of recurrent or metastatic endometrial carcino- 
mas, with a 25% to 30% response rate.’ However, the 
mean duration of response is about 10 months and the 
tumors begin to regrow. With the nude mouse model 
for endometrial carcinoma,’ we previously showed the 
efficacy of combined treatment with tamoxifen and me- 
droxyprogesterone acetate in controlling the growth of 
estrogen receptor—positive tumors. Although contin- 
uous administration of medroxyprogesterone acetate 
to tamoxifen-exposed EnCa 101 resulted in the 
suppression of endometrial carcinoma growth. for 15 
to 20 weeks, the tumors became resistant and regrew 
during this treatment, resembling the situation with 
patients with endometrial carcinoma undergoing pro- 
gestin therapy. Detailed studies during the tumoristatic 
and regrowth phases indicated the concomitant dis- 
appearance of tumor progesterone receptor during this 
treatment.’ These studies further suggested that inter- 
mittent medroxyprogesterone acetate administration 
may render the tumors more responsive to medroxy- 
progesterone acetate by permitting resynthesis of pro- 
gesterone receptor. In this study we have tested this 
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prediction by examining the dynamics and modula- 
tion of tumor progesterone receptor status, by West- 
ern blot analysis, after a single administration of me- 
droxyprogesterone acetate to nude mice bearing EnCa 
101. l 


Material and methods 


Constant-release 17ßB-estradiol pellets were produced 
by Innovative Research of America, Toledo, Ohio, and 
medroxyprogesterone acetate (Depo-Provera) was ob- 
tained from The UpJohn Company, Kalamazoo, Mich. 
Electrophoresis supplies, molecular weight standards, 
horseradish peroxidase—conjugated goat antimouse 
immunoglobulin G (IgG) (heavy and light chain spe- 
cific, affinity purified), and 4-chloro-1-naphthol were 
from Bio-Rad Laboratories (Richmond, Calif.). Nitro- 
cellulose was obtained from Schleicher & Schuell 
(Keene, N.H.). 

Animals. Athymic male Balb/c, nu/nu nude mice 
were purchased from Harlan Sprague Dawley, Inc. (In- 
dianapolis, Ind.), castrated J week before tumor trans- 
plantation, and maintained in separate barrier facilities 
used exclusively for these animals. 

Tumor transplantation and treatments. EnCa 101, 
a histologically well-differentiated and estrogen 
receptor—positive human endometrial carcinoma 
grown in nude mice, was used in these studies. This 
tumor shows increased growth and progesterone re- 
ceptor concentrations in the presence of tamoxifen.® 
Twenty to 30 mg of tumor per site was transplanted 
subcutaneously (infrascapular and lumbar regioris of 
each flank) in groups of castrated nude mice at four 
sites per animal, two in each flank, as described pre- 
viously. Animals were implanted subcutaneously with 
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Fig. 1. Western blot analysis of progesterone receptor in the cytosols of EnCa 101 grown in the 
presence of 200 pg/ml 178-estradiol and after a single intramuscular administration of 1 mg Depo- 
Provera. Lanes 1 and 2, Before medroxyprogesterone acetate administration; lanes 3 and 4, | day; 
lanes 5 and 6, 2 days; lanes 7 and 8, 3 days; lanes 9 and 10, 7 days; lanes 1] and 12, 14 days; lanes 
13 and 14, 21 days; lanes 15 and 16, 28 days; lane 17, 35 days after medroxyprogesterone acetate 


administration. MW, Molecular weight. 
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Fig. 2. Medroxyprogesterone acetate (MPA) levels in serum of animals given a single administration 
of Depo-Provera. Serum medroxyprogesterone acetate levels were determined by a specific radio- 
immunoassay after 1 mg (A), 10 mg (B), 5 mg (C), and 2 mg (D) intramuscular administration of 


Depo-Provera to EnCa 101-bearing nude mice. 


17B-estradiol pellets (200 pg/ml blood concentration 
for 60 days), and pellets were replaced at 55- to 60-day 
intervals. The growth of tumors was followed at weekly 
intervals with vernier calipers. When the geometric 
mean diameter of tumors reached 10 mm, the animals 
were administered a single intramuscular injection of 
1, 2, 5, or 10 mg medroxyprogesterone acetate per 
mouse. One tumor was excised under ketamine- 
xylazine anesthesia (2.4 mg ketamine hydrochloride 
and 0.26 mg xylazine per animal intraperitoneally in 
saline solution) before medroxyprogesterone acetate 
administration (zero time), and the remaining tumors 
were removed at various times after the animal was 


killed. The blood from each animal was removed by 
heart puncture, and the three remaining tumors were 
pulverized and stored individually in liquid nitrogen 
for the determination of progesterone receptor status 
by Western blot analysis. 

Sodium dodecyl sulfate—polyacrylamide gel elec- 
trophoresis and western blot analysis. Progesterone 
receptor status of EnCa 101 tumors at various times 
during treatment was ascertained by Western blot anal- 
ysis of cytosol proteins separated by sodium dodecyl 
sulfate—polyacrylamide gel electrophoresis with pro- 
gesterone receptor monoclonal antibodies generated in 
our laboratory.” Gels (6.5%) were prepared and run 
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Fig. 3. Western blot analysis of progesterone receptor in the cytosols of EnCa 101 grown in the 
presence of 200 pg/ml 178-estradiol and after a single intramuscular administration of 5 mg Depo- 
Provera. Lane 1, Before medroxyprogesterone acetate administration; lanes 2, 3, and 4, 1 day after 
medroxyprogesterone acetate; lane 5, before medroxyprogesterone acetate administration; lanes 6, 
7, and 8, 3 days after medroxyprogesterone acetate administration; lane 9, before medroxyproges- 
terone acetate administration; lanes 10, 11, and 12, 7 days after medroxyprogesterone acetate ad- 


ministration; lane 13, standard progesterone receptor preparation. MW, Molecular weight. 
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Fig. 4. Western blot analysis of progesterone receptor in the cytosols of EnCa 10] grown in 
the presence of 200 pg/ml 178-estradiol and after a single intramuscular administration of 
5 mg Depo-Provera. Lane 1, Before medroxyprogesterone acetate administration; lanes 2 and 3, 14 
days after medroxyprogesterone acetate; lane 4, before medroxyprogesterone acetate administration; 
lanes 5, 6, and 7, 21 days after medroxyprogesterone acetate administration; lane 8, standard pro- 


gesterone receptor preparation. MW, molecular weight. 


according to the method of Laemmili.* Cytosol proteins 
(200 ug) were separated by 6.5% sodium dodecyl 
sulfate—polyacrylamide gel electrophoresis and trans- 
ferred electrophoretically at 30 V for 16 to 18 hours 


to nitrocellulose paper according to the method of Tow- ` 


bin et al.° All reactions were performed at room tem- 
perature. Nitrocellulose sheets were incubated with 
TTBS buffer (20 mmol/L Tris, 500 mmol/L sodium 
chloride, and 0.05% Tween 20; pH 7.5) for 60 minutes 
to block unreacted sites on the nitrocellulose. Blocked 
sheets were incubated with human progesterone re- 
ceptor a (1:10 dilution in TTBS buffer) for 120 min- 


utes, washed (two times 30 minutes) with TTBS buffer, 
and incubated with horseradish peroxidase—linked IgG 
(1: 1000 dilution in TTBS buffer for 60 minutes). Im- 
munoreactive proteins were revealed with 4-chloro-1- 
naphthol (0.05%) as chromogen and hydrogen per- 
oxide (0.03%) and methanol (16%) in triethanolamine- 
buffered saline solution (20 mmol/L Tris and 500 
mmol/L sodium chloride; pH 7.5). 

Diethylaminoethyl cellulose—eluted tumor cytosols 
containing progesterone receptor were run routinely 
as positive controls. Molecular weight estimates of im- 
munoreactive bands were made from a standard curve 
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Fig. 5. Western blot analysis of progesterone receptor in the cytosols of EnCa 101 grown in the 
presence of 200 pg/ml 17B-estradiol and after a single intramuscular administration of 5 mg Depo- 
Provera. Lane 1, Before medroxyprogesterone acetate administration; lanes 2, 3, and 4, 35 days after 
medroxyprogesterone acetate; lane 5, before medroxyprogesterone acetate; lanes 6, 7, and 8, 42 days 
after medroxyprogesterone acetate administration; lane 9, standard progesterone receptor prepa- 


ration. MW, Molecular weight. 


by comparing the R; values of the sample lane with an 
adjacent lane containing molecular weight standards. 
Standard lanes were excised: and stained with amido 
black. 

Serum medroxyprogesterone acetate concentrations 
were determined by radioimmunoassay with a specific 
goat antiserum raised against medroxyprogesterone 
acetate-3-(0-carboxymethyl)-oxime bovine serum al- 
bumin provided by Dr. Kenneth Kirton, The UpJohn 
Co." 


Results 


Tumors grown in the presence of 178-estradiol 
contained high concentrations of progesterone recep- 
tor, which showed the characteristic triplet bands at 
116,000 d and a singlet at 81,000 d on Western blot 
analysis of cytosolic proteins. Administration of 1 mg 
medroxyprogesterone acetate to 17R-estradiol-exposed 
EnCa 101 led to the decrease in the intensity of im- 
munostaining of all bands, which lasted for a 3-day 
period (Fig. 1). The intensity of the immunostained 
bands began to increase after this period. The proges- 
terone receptor bands, however, did not disappear af- 
ter the single administration of 1 mg medroxyproges- 
terone acetate. Serum medroxyprogesterone acetate 
determinations in these animals indicated that maxi- 
mal medroxyprogesterone acetate levels were reached 
within hours after intramuscular administration of 
Depo-Provera followed by a relatively rapid clearance 
from the blood, with a half-life of about 3 to 4 days 
(Fig. 2, A). 

On the other hand, administration of 10 mg Depo- 
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Fig. 6. Western blot analysis of progesterone receptor in the 
cytosols of EnCa 101 grown in the presence of 200 pg/ml 
17f-estradiol and after a single intramuscular administra- 
tion of 5 mg Depo-Provera. Lane 1, Before medroxyproges- 
terone acetate administration; lanes 2, 3, and 4, 63 days 
after medroxyprogesterone acetate; lane 5, standard proges- 
terone receptor preparation; lane 6, before medroxyproges- 


. terone acetate administration; lane 7, 77 days after me- 


droxyprogesterone acetate administration. MW, Molecular 
weight. 


Provera intramuscularly resulted in increasing accu- 
mulation of serum medroxyprogesterone acetate levels 
as late as 4 weeks after administration (Fig. 2, B). The 
progesterone receptor profiles on Western analysis in- 
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Fig. 7. Western blot analysis of progesterone receptor in the cytosols of EnCa 101 grown in the 
presence of 200 pg/ml 178-estradiol and after a single intramuscular administration of 2 mg Depo- 
Provera. Lane 1, Before medroxyprogesterone acetate administration; lane 2, 3 days; lane 3, 7 days; 
lane 4, 14 days; lane 5, 21 days; lane 6, 35 days; lane 7, 42 days; lane 8, 49 days; lane 9, 56 days after 
medroxyprogesterone acetate administration; lane 70, standard progesterone receptor preparation. 


MW, Molecular weight. 


dicated progesterone receptor absence beginning at 7 
days and throughout the experimental period of 28 
days (results not shown). 

We then examined the effect of a 5 mg medroxy- 
progesterone acetate dose. After a single intramuscular 
administration of 5 mg medroxyprogesterone acetate 
per animal, a decrease in progesterone receptor was 
evident between days 1 and 3 (Fig. 3) followed by the 
disappearance of progesterone receptor bands between 
l and 3 weeks (Fig. 4). Evidence that progesterone 
receptor was beginning to be synthesized in these tu- 
mors was evident.at week 6 and thereafter. However, 
the original intensity of progesterone receptor bands 
was not achieved until 13 weeks, the longest time the 
tumors were followed (Figs. 5 and 6). The serum me- 
droxyprogesterone acetate profiles determined by ra- 
dioimmunoassay with the 5 mg dose ( Fig. 2, C) showed 
a reciprocal relationship with the progesterone recep- 
tor status in tumors observed on Western blots. There 
appears to be a threshold serum medroxyprogesterone 
acetate level of about 20 ng/ml for the down-regulation 
of progesterone receptor. The resumption of proges- 
terone receptor synthesis in tumors exposed to Depo- 
Provera began when serum medroxyprogesterone ac- 
etate levels decreased below 20 ng/ml. 

Study of the effects of 2 mg medroxyprogesterone 
acetate on the progesterone receptor profiles also re- 
vealed the down-regulation and disappearance fol- 
lowed by the restoration of progesterone receptor pro- 
teins. The immunostaining intensity of progesterone 
receptor on Western blots was reduced dramatically 
between 3 and 7 days (Fig. 7, lanes 2 and 3) followed 


by their disappearance between weeks 2 and 3 (lanes 4 
and 5). The progesterone receptor bands begin to reap- 
pear starting at week 4 and achieve essentially the orig- 
inal intensity of 178-estradiol-treated tumors from 5 
weeks and thereafter (lanes 6 through 9). Again, a 
20 ng/ml serum medroxyprogesterone acetate concen- 
tration appears to be a threshold level below which 
progesterone receptor synthesis resumes (Fig. 2, D). 

The tumor growth measurements in animals receiv- 
ing 2 and 5 mg medroxyprogesterone acetate doses 
clearly indicated that the tumor growth suppression 
under the influence of administered progestin lasted 
for 6 to 10 weeks (Fig. 8). 


Comment 


Since the original report of Kelley and Baker' in 
1961, progestational agents continue to be used rou- 
tinely to treat patients with recurrent and metastatic 
endometrial carcinoma. Although the dose varies from 
study to study, the progestins are administered in a 
continuous manner to eligible patients. Under these 
conditions the reported response rate ranges from 20% 
to 35% and the duration of response averages 10 
months. 

It is generally accepted that the down-regulation of 
progesterone receptor by progestins may be responsi- 
ble for the relatively short duration of response. There- 
fore addition of tamoxifen to the treatment regimen 
could increase the duration and magnitude of response 
in patients with endometrial cancer." However, this 
premise remains untested because of problems of 
tumor/tissue heterogeneity,” difficulty in obtaining 
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Fig. 8. EnCa 101 growth in. nude mice in the presence of 17ß-estradiol and after a single admin- 
istration of 5 mg medroxyprogesterone acetate (MPA). Tumor growth was monitored by vernier 
calipers and expressed as geometric mean diameter (GMD). The tumor measurements in individual 
animals ceased after their death for tumor progesterone receptor determinations. Similar tumor 
growth inhibition was observed with a single injection of 2 mg medroxyprogesterone acetate. 


samples from metastatic lesions, and technical difficul- 
ties in measuring progesterone receptor by binding as- 
says in patients receiving progestin. l 

The establishment of the nude mouse model for 
studying endometrial carcinoma? and the development 
of monoclonal antibodies to progesterone receptor’ 
have permitted the systematic study of progesterone 
receptor dynamics during progestin treatment, as re- 
ported in this study. Previously we used the nude mouse 
model to test various treatment regimens and con- 
cluded that a combination of tamoxifen and progestin 
administered simultaneously was superior to progestin 
alone in animals xenografted with human endometrial 
- cancer. However, as in humans, the tumors regrew in 
animals treated with the combination of tamoxifen and 
progestin after a period of growth inhibition.‘ Exper- 
iments conducted during the growth-suppession and 
regrowth phases of continuous progestin treatment re- 
vealed that the apparent resistance was not the result 
of any altered characteristics of the tumor or the 
appearance of resistant clones. Rather the down- 
regulation and disappearance of progesterone receptor 
may be responsible for the regrowth phenomenon. Be- 
cause of this we reasoned that a treatment modality 
that permits the resynthesis of progesterone receptor 
after its down-regulation (e.g., intermittent progestin 
treatment) may result in better control of tumor 
growth. This study designed to examine the dose and 
schedule of progestin administration indicated that an 
intermittent 2 mg progestin treatment at 5- to 6-week 
intervals or 5 mg every 12 weeks may be ideal for testing 
the therapeutic strategy. 

On the basis of the studies in the experimental model, 


it appears that, although effective, the continuous ad- 
ministration of tamoxifen and progestin will not yield 
further therapeutic benefits in patients with recurrent 
or metastatic endometrial carcinoma. The nonrandom- 
ized phase II clinical trial of Carlson et al.,'* with ta- 
moxifen and progestin used in patients with recurrent 
endometrial carcinoma, suggested that the combination 
therapy was not superior to standard progestin therapy. 
However, in view of the problem of tumor heteroge- 
neity inherent in this disease and the lack of determi- 
nation of tumor progesterone receptor status during 
treatment, it is premature to come to any conclusion 
from the above study. 

The results of this study in the nude mouse model 
show the down-regulation, disappearance, and reap- 
pearance of progesterone receptor when the progestin 
is withdrawn. Therefore we believe that a treatment 
sequence that would allow resynthesis and reappear- 
ance of progesterone receptor may be a better thera- 
peutic strategy and potentially more effective than con- 
tinuous administration of tamoxifen and progestin. 
Hence our proposal is to withhold progestin intermit- 
tently in subjects receiving tamoxifen continuously. The 
pattern of progestin clearance from the blood and the 
dynamics of tumor progesterone receptor in endo- 
metrial carcinoma obviously need to be established be- 
fore testing the effectiveness of this strategy in patients 
with recurrent or metastatic disease. Although several 
studies have determined the blood levels of medroxy- 
progesterone acetate during intramuscular or oral 
therapy with the progestin, simultaneous progesterone 
receptor status in endometrial carcinoma has not been 
monitored. The availability of monoclonal antibodies 
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to human progesterone receptor now enables us to 
monitor systematically the tumor progesterone recep- 
tor status simultaneously with the serum medroxypro- 


gesterone acetate levels and develop a rational and ef- 


fective combination-treatment strategy. 


We thank Shane Miller and Jeri Miller for their ex- 
cellent technical assistance. 
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Editors’ note: This manuscript was revised after these 
discussions were presented, 


Discussion 


Dr. WESLEY C. FOWLER, JR., Chapel Hill, North Car- 
olina. Endometrial adenocarcinoma is the fourth most 
common cancer in women in the United States, ac- 
counting for 34,000 cancers per year and 3000 deaths. 
Unfortunately, unless the patient has an isolated vag- 
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inal cuff recurrence amenable to radiation therapy, 
there are no known markedly effective modalities to 
treatment failures. 

In 1961 Kelly and Baker' described objective regres- 
sion of metastatic endometrial cancer. The regressions 
lasted for 9 to 54 months in 6 of 21 patients receiving 
high-dose progesterone. This finding was followed by 
others reporting 20% to 40% response rates. Recent 
reports demonstrate response rates to progestational 
agents at only 10% to 15%.*> In a favorable subset are 
patients who have well-differentiated tumors, small vol- 
ume, and late recurrences from the time of the original 
diagnosis. There are numerous publications comparing 
responses to estrogen and progesterone receptor activ- 
ity.‘ Regardless, long-term survival in patients with re- 
current adenocarcinoma of the endometrium is at best 
only 12% to 15%. 

It is of tremendous importance that effective meth- 
ods be found for treating the patient with recurrent 
endometrial cancer. Tamoxifen is a hormonal agent 
being studied extensively in the laboratory, as well as 
the clinical setting. Much of the work has looked at 
tamoxifen’s effect on estrogen and progesterone re- 
ceptor activity, as well as its effect on tumor response, 
when used either alone or with other treatment mo- 
dalities. 

Your presentation today represents important pre- 
liminary data that focus on expanding the usefulness 
of hormonal therapy in endometrial cancer, You have 
chosen to evaluate hormonal therapy in a nude mouse 
model employing a well-differentiated human endo- 
metrial cancer. Your goal is to refine the scheduling of 
hormonal therapy and the doses employed in this an- 
imal system as a model for treating patients with en- 
dometrial cancer. In principle this work. has the poten- 
tial of contributing to the development of better meth- 
ods for treating human endometrial cancers. 

Your work is based on the premise that the presence 
of progesterone receptors in endometrial cancer may 
be essential for progestin action on tumor growth. 
There seems to be ample evidence to suggest such a 
mechanism of action, but proof is lacking that the sup- 
pressive effect of progestin on tumor growth is me- 
diated by the progesterone receptor system. 

In the presentation you have tried to answer the fol- 


_ lowing: (1) Does tumor progression relate to down- 


regulation of progesterone receptors? (2) Can the 
down-regulation of progesterone receptors be affected 
by tamoxifen? (3) Can a schedule of progestin admin- 
istration be developed that enables the tumor to resyn- 
thesize progesterone receptor levels during progester- 
one withdrawal? 

There appears to be a threshold serum progesterone 
level of 20 ng/ml for down-regulation of progesterone 
receptor activity. Resumption of progesterone receptor 
synthesis in tumors exposed to progesterone occurs 
when serum levels drop below 20 ng/ml. 

The results can be interpreted to indicate that inter- 
mittent administration of progesterone at 5- to 6-week 
intervals will result in replenishment of progesterone 


Volume 162 
Number 4 


receptor activity after its disappearance. This replen- 
ishment may repetitively render these tumors receptive 
to growth inhibition by progestin. 

Your presentation today invites many unanswered 
questions. 

1. Referring to the data in which the group of mice 
received tamoxifen and weekly injections of pro- 
gesterone, suppression of tumor growth was seen 
4 weeks after the first injection. This effect lasted 
about 22 weeks. Data also showed that cytosol 
from 16-week tumors under this treatment was 
devoid of progesterone receptor activity. Would 
that not argue against the supposition that pro- 
gesterone exerts its effect on tumor growth 
through progesterone receptors? 

2. Will all estrogen receptor—positive tumors re- 
spond similarly to this tumor line (EnCa 101)? 

3. How do the doses of progesterone in mice equate 
to administration and serum progesterone levels 
in humans? 

4. You did not test to see how repetitive administra- 
tion of progesterone effects down-regulation and 
reappearance of progesterone receptors. Would 
repetitive administration of the same progester- 
one dose affect the time intervals that were noted 
with single doses? 

5. If progesterone alone causes down-regulation and 

eventual disappearance of progesterone recep- 
tors, why do not all patients treated in this manner 
eventually have recurrence? 
On the basis of observations in animals, how could 
a clinical test be designed for an improved 
progestin therapy protocol? Speculating further, 
what is anticipated as the added benefit to patients 
from the results of these studies? 

You are to be congratulated on your beginning ef- 
forts. Although we do not know the dose schedule for 
progesterone administration, nor do we know if re- 
petitive scheduled treatments can work and be an im- 
provement at all, I think the presentation is a good 
idea, a reasonable start, and an effort that should be 
encouraged. i 


a 
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Dr. Denis CAVANAGH, Tampa, Florida. I enjoyed Dr. 
Mortel’s paper. His conclusion that intermittent pro- 
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gestin administration after progesterone receptor reap- 
pearance may result in better control of endometrial 


` cancer in the nude-mouse model appears to be amply 


justified. Whereas the application to human beings of 
conclusions reached after the study of animal models 
is often fraught with hazards, and it may seem like a 
giant step from mouse to woman, I wonder whether 
Dr. Mortel may be suggesting to us the way to more 
effective therapy for women with metastatic endome- 
trial carcinoma. 
_ Surely most of us now know on the basis of our own 
experience that combinations of cytotoxic drugs such 
as cyclophosphamide, Adriamycin, 5-fluorouracil and 
cyclophosphamide, Adriamycin, prednisone are of lit- 
tle value in patients with advanced endometrial carci- 
noma, and that these regimens significantly reduce a 
patient’s quality of life. On the other hand, although 
. agents such as tamoxifen and progestins produce only 
modest results when used alone, they rarely reduce a 
patient’s quality of life. Would it not be reasonable to 
give such agents as megestrol acetate and tamoxifen 
cyclically at about 3-week intervals to determine 
whether better results can be obtained with hormonal 
therapy in patients with metastatic endometrial car- 
cinoma? — 
Dr. HERBERT J. BuCHSBAUM, Milwaukee, Wisconsin. 


`I have two concerns about applying these findings in 


male rats to human beings. 

The animals that received only tamoxifen had a tu- 
mor growth rate greater than that of the controls. Sec- 
ond, inasmuch as in the human female there are ex- 
traovarian sources of estrogen precursors that are con- 
verted peripherally to estrone, what would be gained 
by giving a drug that stimulates tumor growth in this 
system? 

Dr. JAMES SCHREIBER, Chicago, Illinois. I have a cou- 
ple of questions about the method of the.Western blot. 

With regard to the disappearance of the progester- 
one receptor with the injection of the progesterone, is 
it possible that the lack of appearance on the Western 
blot is a result of stabilization of the receptor in the 
nucleus? In other words, are the changes a result of an 
extraction problem? 

I also have questions on the specificity of the antibody 
used in the Western blot. Is it monospecific? Does it 
bind equally well to the occupied and unoccupied re- 
ceptor? 

Dr. WILLIAM T. CREASMAN, Charleston, South Car- 
olina. Dr. Mortel, in view of the fact that we are seeing 
some reports in the literature of endometrial cancer 
that appears in patients who have been treated with 
long-term tamoxifen for breast cancer, do you think 
that we ought to consider the use of this drug in our 
armamentarium for endometrial cancer? 

Dr. Mortex (Closing). Let me start by thanking Dr. 
Fowler for his critical review of the manuscript and the 
people in the audience for their insightful questions. 
This paper raises more questions than it answers, 

Dr. Fowler raises some very fascinating questions that 
we have been wrestling with over the years. He is right 
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in noting that at week 16 the progesterone receptor 
disappeared, but regression in tumor size continued 
until about week 22. In our opinion this does not argue 
against the fact that the progesterone receptor exerts 
its effect through the receptor. I do not think it argues 
for it either. What we do know is that in our experi- 
mental model progestin response cannot be elicited un- 
less progesterone receptor is present. The duration of 
that response varies but usually lasts much longer after 
the disappearance of the receptor. As you recall from 
the slide that shows the growth characteristics after a 
single dose of 5 mg of medroxyprogesterone acetate, 
the receptor disappeared after 1 week, but the effect 
lasted about 10 weeks. 

We do not have a clear-cut explanation for this phe- 
nomenon. It would be simplistic to think that after the 
receptor disappeared it takes time for the remaining 
cells to proliferate and for the differential growth of 
the tumor to be clinically detected. Such explanation 
would ignore the possible inhibitory effects of various 
growth factors through which the effect may also be 
mediated. In addition, and this would also answer Dr. 
Creasman’s question, the long- -term effect of tamoxifen 
is yet to be established. It is possible that tamoxifen, 
like gonadotropin-releasing hormone analogs, has a 
long-term inhibitory effect after an initial phase of stim- 
ulation. 

The second question that Dr. Fowler raises is whether 
all estradiol receptor positive-tumors respond the 


same way. I can say that all six estradiol receptor 


positive—tumors that were transplanted in our animals 
show the differential growth and progesterone recep- 
tor induction in the presence of estrogen. Let me ven- 
ture to say that all estradiol receptor positive—tumors 
will probably respond the same way, providing the re- 
ceptor is functional, and underline the term functional. 

Our study did not address the progestin dose in mice 
and the medroxyprogesterone acetate serum levels in 
human beings. The 1 mg dose that we used in the 
animals is the dose that we found to produce proges- 
tin effects in tumors (i.e., subnuclear vacuolization 
and induction of estradiol dehydrogenase activity, a 
progestin-dependent enzyme). That 1 mg dose derives 
from a study that was published back in 1979 that I 
cowrote with Drs. Sall, Creasman, Morrow, and DiSaia 
in which 300 mg of medroxyprogesterone acetate 
(Depo-Provera) administered intramuscularly every 
week in women with endometrial cancer achieved a 50 
ng/ml serum level in 5 to 6 weeks. From this study we 
arrived at the dose of 1 mg for our 20 gm mouse. 

The monitoring of the progesterone receptor after 
repetitive doses of progestin is a key question. We 
thought of it ourselves, and have started the experi- 
ment to answer this question. Such data is necessary 
before we propose any clinical trial in human beings. 
We cannot say more at the present time. 

Why don’t all patients treated with progestin even- 
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tually recur? To my knowledge hormone therapy alone, 
at least the way it has been administered over nearly 
30 years, has not cured anyone, and Dr. Fowler alluded 
to that in his opening statement. Some patients may 
have long remissions, but the duration of that remission 
really depends on a lot of factors including. but not 
limited to the presence and concentrations of proges- 
terone receptors and the extent of homogeneity or het- 
erogeneity of the tumor itself. 

- With regard to the question about the design of clin- 
ical protocol and anticipated added benefits, our ob- 
jective is to increase the magnitude or the duration of 
response in patients with endometrial cancer treated 
with progestin. These studies in the animal model are 
intended to outline the steps that need to be followed 
in human beings to achieve our goal. Accordingly, I do 
not believe human experimentation is appropriate be- 
fore determination of the threshold dose of progestin 
that causes down regulation | and reappearance of the 
progesterone receptor. Although numerous studies in 
the breast cancer literature reported on serum me- 
droxyprogesterone acetate levels and medroxyproges- 
terone acetate clearance, progesterone receptor was not 
monitored in any of them. That should probably be 
our next step. That also answers the question raised by 
Dr. Cavanagh on new therapeutic strategy in women 
with metastatic endometrial cancer. 

Dr. Buchsbaum’s question is very interesting. We use 
males instead of females -because the female mice 
treated with estrogen during long-term experiments 
developed cervical stenosis, pyometra, or died before 
the experiment was completed. Of course, as Dr. Buchs- 
baum indicated, the use of male mice also eliminated 
the possibility of extra gonadal estrogen production. 

Tamoxifen causes increased growth indeed. We 
showed in the original experiment that the growth rate 
in nude mice exposed to tamoxifen is higher than that 
in the control group but lower than that in estradiol- 
treated animals. We are talking about the short-term 
effect of tamoxifen in the model. A 

Dr. Schreiber’s question about the Western blots is a 
good one. I apologize for failing to point out during 
the presentation that nuclear preparations were also 
studied and consistently showed the absence of bands 
characteristics of the receptor. They are represented in 
the columns next to the cytosolic preparations of the 
same tumor. 

As far as unoccupied progesterone receptor is con- 
cerned, I would like to point out that our antibody 
recognizes occupied and unoccupied progesterone re- 
ceptor. This is one of the reasons why Western blot 
analysis is more accurate than the usual ligand-binding 
assay. If present, I do not believe these receptors are 
functional because they were not observed in Western 
blot analysis of any tumor removed under any con- 
dition. 


The impact of luteal phase inadequacy in an 
infertile population 


Anne Colston Wentz, MD, Liliana R. Kossoy, MD, and Robert A. Parker, DSc 
Nashville, Tennessee 


A retrospective analysis of patients evaluated and treated for infertility was performed. Luteal phase 
inadequacy was diagnosed when the late luteal endometrial biopsy pattern was greater than 2 days out of 
phase in two cycles; in patients treated with clomiphene citrate therapy was changed if one biopsy was out 
of phase. One hundred ninety-seven patients underwent 242 biopsies. Among 137 women not treated with 
clomiphene citrate, 24 (17.5%) had out-of-phase biopsy specimens; 7 of 24 (29.2%) repeat biopsies were 
out of phase, with luteal phase inadequacy in 7 of 137 (5.1%) women. The probability of an out-of-phase 
biopsy occurring by chance alone was 4.2 of 137 or 3.1%. No woman was diagnosed to have luteal phase 
inadequacy as the single infertility factor. Fifty-three pregnancies (41%) occurred in 130 women without 
luteal phase inadequacy and in 2 of 7 (28.6%) diagnosed to have luteal phase inadequacy with other 
infertility factors. In clomiphene citrate—treated patients, pregnancy occurred in 15 of 26 (57.7%) with 
corrected luteal phase inadequacy and in 21 of 34 (61.8%) without luteal phase inadequacy. In this 
population the diagnosis of luteal phase inadequacy was not made more frequently than by chance alone. 
Moreover, fecundity in patients with treated luteal phase inadequacy is comparable to that in patients 
without this diagnosis. (AM J OBsTET GYNECOL1990;162:937-45.) 


Key words: Luteal phase inadequacy, endometrial biopsy, fecundity, pregnancy rates, female 


- infertility 


The impact of luteal phase inadequacy on fecundity 
has seldom been addressed. Most studies have focused 
on the diagnosis and prevalence of luteal phase inad- 
equacy and have analyzed correlations between luteal 
variables such as plasma progesterone levels, estra- 
diol/progesterone ratios, decidual prolactin produc- 
tion, endometrial protein levels, endometrial histologic 
features, and other parameters. Few studies have at- 
tempted to ascertain if the diagnosis and treatment of 
luteal phase inadequacy have altered the outcome for 
infertile couples. 

The purpose of this retrospective study was to ana- 
lyze fecundity in an infertile population with and with- 
out luteal phase inadequacy. Four questions were pro- 
posed: (1) In what percentage of infertile couples is 
luteal phase inadequacy the sole diagnosis? (2) Does the 
diagnosis of luteal phase inadequacy represent only 
a chance event? (3) Does the chance of conception 
vary between those women with clomiphene citrate— 
induced luteal phase inadequacy and those treated with 
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clomiphene citrate without induced luteal phase in- 
adequacy? (4) Does the diagnosis of luteal phase in- 
adequacy further affect fecundity when fecundity is 
already impaired by other infertility factors? 


Material and methods 
Diagnostic classification. A retrospective review of 


. the charts of patients with infertility first seen between 


January 1981 and January 1988 was performed. Pa- 
tients with recurrent spontaneous fetal wastage were 
excluded. 

Charts were examined to determine the factor(s) re- 
sponsible for the couple’s infertility. Patients were ex- 
cluded from the analysis if an adequate infertility in- 
vestigation had not been completed. An adequate in- 
fertility investigation included semen analysis of the 
male partner, evaluation of a basal body temperature 
chart for documentation of menstrual cyclicity, post- 
coital test, hysterosalpingogram, and late luteal phase 
endometrial biopsy. A laparoscopy was required if the 
patient had not achieved pregnancy within 6 months 
of diagnosis and the institution of treatment. 

Charts were reviewed by a single observer, using a 
scoring system that relied primarily on the presence or 
absence of a factor. Criteria for these factors are as 
follows: 

1. Ovulatory factor. Ovulatory factor was diagnosed 
if menstrual cycles were oligomenorrheic (ordi- 
narily >40 days), if the patient had secondary 
amenorrhea for =3 months, or if, in the judgment 
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Table I. Results of endometrial biopsy 
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First endometrial 
biopsy 


Clomiphene 
citrate 


Yes 60 34 (56.7), 26 (43.3) 17 
No 137 113 (82.5) 24 (17.5) 0 
TOTAL 197 147 (74.6) 50 (25.4) 17 





Second endometrial biopsy 
(clomiphene citrate patients “treated’*) 


nee LoL «| neti | ee 










Third endometrial biopsy 
(all patients treatedf) 





Out of phase 






No biopsy | In phase | Out of phase 








5 4 (44.4) l l 2 
17* 7 (29.2) 1 6 0 
229* 11 (33.3) 2 7 2 


*“Treatment” in clomiphene citrate patients was a change in clomiphene citrate dose. 
Excludes three women whose initial and second biopsy were both in phase. 


of the physician, ovulation induction using either 
clomiphene citrate or human menopausal gonad- 
otropin was indicated. Patients undergoing em- 
piric ovulation stimulation were not included in 
this classification. 

2. Male factor. World Health Organization criteria 
for normality, which specify a sperm concentra- 
tion of =20 million/ml, motility =50%, or normal 
morphologic features =50%, were used.' Male 
factor infertility was also diagnosed if, in the pres- 
ence of a normal semen analysis, a sperm pene- 
tration assay” was 0% in the presence of a positive 
control. 

3. Tubal factor, Incontrovertible evidence of mor- 
phologic tubal abnormality on hysterosalpingo- 
gram or unilateral-bilateral distal occlusion was 
required. Unilateral cornual occlusion was not 
graded as positive; bilateral cornual occlusion was 
considered a tubal infertility factor. , 

4. Peritoneal factor. Endometriosis, pelvic adhe- 
sions, or other mechanical-physical factors that, 
in the judgment of the operator, could impair 


fertility were diagnosed at laparoscopy. Most pa- ` 


tients undergoing laparoscopy were treated by la- 
ser vaporization of endometriosis, lysis of adhe- 
sions, or another operative procedure. 

5. Other. Uterine factor, defined as an abnormality 


of the uterine cavity or myometrium sufficient to 
induce infertility; cervical factor, defined as in- ' 


adequate or hostile cervical mucus on repeated 
postcoital tests; unexplained infertility; and “not 


unexplained infertility’ were included in this- 
group. The final category of “not unexplained — 


infertility” was used as a check, requiring the re- 


viewer to indicate that a decision had been made ` 


concerning diagnostic classification. 

Endometrial dating. All endometrial biopsy speci- 
mens were reviewed by the A. C. W. and read for the 
medical record by faculty of the Department of Pa- 
thology. The biopsy readings were compared for in- 
terobserver variation. 

Criteria for the diagnosis of luteal phase inadequacy 


have been previously established.° The endometrial bi- 


opsy was performed on ideal cycle day 25 or later (de- 
fined in some women as at least 11 days of elevated 
temperature judged from the basal temperature chart), 
and a histologic lag of >2 days was required in at least 
two different cycles. Because of the repetition of en- 
dometrial inadequacy in clomiphene citrate—treated 
patients,’ therapy was instituted if one out-of-phase bi- 
opsy specimen was obtained. Endometrial dating was 
accomplished according to the criteria of Noyes et al.° 
The next menstrual period, the onset of full menstrual 
flow (not spotting), was assigned as day 28, and the 
expected endometrial date was determined by counting 
backward from the day of menstruation. Charts were 
reviewed for the presence or absence of out-of-phase 
biopsy specimens, for the diagnosis for luteal phase 
inadequacy, for whether luteal phase inadequacy was 
the only factor identified, for whether it was associated 
with clomiphene citrate ovulation induction, and for 
whether it was diagnosed in the presence of other in- 
fertility factors. 

All charts were further reviewed for the number of 
treatment cycles, the number of untreated cycles, the 
number of spontaneous or untreated conceptions, the 
number of cycles after hysterosalpingography if preg- 
nancy occurred within 3 months of the hysterosalpin- 
gography and no other treatment was instituted, and 
the number of cycles after surgery if the patient had a 
tubal and/or peritoneal factor, up to 24 cycles. 

The end result was determined. This included preg- 
nancy, patient still under treatment, treatment termi- 
nated because of adoption, voluntary termination of 
treatment, or patient lost to follow-up. The outcome of 
pregnancy was also determined and was recorded as 
ongoing if there was no chart documentation of deliv- 
ery or abortion. 

Statistical analysis. A life-table analysis was used to 
determine the expected conception rate. Significance ' 
was determined by the log-rank test. The starting point 
in the life-table analysis was the first cycle of treatment, 
the first cycle after surgery, the first ovulatory cycle in 
patients treated with clomiphene citrate, or the first 
cycle after hysterosalpingography in patients who con- 
ceived in the three cycles after this procedure. The end 
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Table II. Analysis of pregnancy results in 60 
clomiphene citrate—treated patients 













Luteal phase 


inadequacy 
No 34 57.6 21 61.8 
Yes 26 43.3 15 57.7 
TOTAL 60 100 36 60.0 








point in the life-table analysis was conception, the end 
of the study, or patient lost to follow-up. A one-sided 
Fisher’s exact test was used to compare the results of 
first and second endometrial biopsies. A x statistic was 
used to compare interobserver variation of endometrial 
biopsy readings, and a ¢ test was used to determine a 
difference in endometrial dates. 


Results 


Endometrial biopsy specimens. Two hundred forty- 
two endometrial biopsies were performed. Among 197 
women, 161 underwent one endometrial biopsy, 27 un- 
derwent two endometrial biopsies, and 9 patients had 
three endometrial biopsies. 

The 242 endometrial biopsy specimens were ana- 
lyzed for interobserver variation. The mean of the se- 
cretory data read by the Department of Pathology was 
25.492 + 1.059 days and by A. C. W. 25.731 + 1.05 
days, significantly different at p < 0.02. Concordance 
or identical biopsy reading was reached in 108 cases, 
disagreement by | day in 77, by 2 days in 55, and by 
>2 days in 2 cases. A. C. W, read =2 days later than 
Pathology in 33 cases, and Pathology was 22 days later 
in 22 cases. 

With a « statistic, the expected value of concordance 
is 0.2046, the observed proportion concordant is 
38/108 (0.3519), and the « value is 0.1852. This con- 
firms the results of the paired ¢ test. 

Comparison of abnormality rates in first and second 
biopsy specimens. In the analysis of first and second 


biopsy results, we found, of 197 initial endometrial ` 


biopsies done, 50 were out of phase and 147 were in 
phase (Table I). Of the 147 in-phase biopsy specimens, 
repeat biopsies were performed in subsequent cycles in 
three women, and these biopsies were in phase. 

A total of 36 second endometrial biopsy specimens 
were taken, of which three were in women with a pre- 
vious in-phase biopsy specimen. Of the remaining 33 
biopsy specimens taken in women in whom the previous 
sample had been out of phase, 4 of 9 (44.4%) in 
clomiphene-treated women and 7 of 24 (29.2%) in un- 
treated women were out of phase. One hundred sixty- 
one women did not undergo second biopsy. 

Statistical analysis was done to see if there was a dif- 
ference between the results for the first and second 
biopsy specimens in women not receiving clomiphene 
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Table III. Probability of conception in patients 
with only ovulatory factor infertility: Effect of 
clomiphene citrate—induced luteal phase 
inadequacy on pregnancy rate 












Clomiphene citrate—induced 
luteal phase inadequacy 
(n = 4) 


Clomiphene citrate, no 
luteal phase inadequacy 
(n = 7) 









2 0.000 0.200 
3 0.333 0.200 
6 0.333 0.200 
7 0.333 0.200 
8 0.333 0.600 
9 0.333 0.600 


*Log-rank test, p > 0.5. 


citrate. This difference was not statistically significant 
(p = 0.14, Fisher’s exact test, one-sided since the sec- 
ond biopsy specimen would be expected to have a 
higher abnormal proportion than the first biopsy). 
Stated differently, 29.2% of second endometrial biopsy 
specimens were out of phase compared with an initial 
expectation of 17.5% out of phase for women not 
treated with clomiphene citrate. 

Luteal phase inadequacy. Fifty of 197 (25.4%) first 
biopsy specimens were out of phase (Table I). Thirty- 
six women underwent a second biopsy; of these, three 
initial biopsy specimens that had been in phase were 
again in phase, and of the remaining 33 specimens, 11 
were out of phase. 

One hundred thirty-seven women were not under- 
going ovulation induction, and 24 (17.5%) of them had 
out-of-phase first biopsy specimens. All patients un- 
derwent a second endometrial biopsy, with seven 
(29.2%) again out of phase. Seven of 137 patients 
(5.1%) were diagnosed to have luteal phase inadequacy 
by the two-biopsy criteria. Among the 7 patients di- 
agnosed to have luteal phase inadequacy in the absence 
of ovulation induction, 6 underwent rebiopsy on treat- 
ment and all repeat specimens were in phase. 

Sixty of the 197 women were undergoing ovulation 
induction with clomiphene citrate. In these 60 women, 
26 (43.3%) first biopsy specimens were out of phase, 
and a change in the clomiphene citrate dosage was in- 
stituted on the basis of a single out-of-phase specimen. 
Nine women underwent rebiopsy, with 4 (44.4%) spec- 
imens persistently out of phase on therapy; 3 of these 
women underwent a further additional biopsy with 
changed therapy, and 2 (one diethylstilbestrol-exposed 
patient and another on high-dose clomiphene citrate 
for obesity-associated anovulation) had persistently out- 
of-phase specimens. 

Infertility diagnosis and pregnancy rate. An ovu- 
latory factor was diagnosed in 98 women, 26 of whom 
developed luteal phase inadequacy, and a tubal factor 
was found in 24. A peritoneal factor was present in 77, 
absent in 37, and not evaluated in 83 women. Male 
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Table IV. Probability of conception in 
clomiphene citrate—-treated patients with and 
without luteal phase inadequacy 











With clomiphene 
citrate—induced. luteal 
phase inadequacy* 
(n = 12) 


Without luteal 
phase inadequacy* 
(n = 26) 





2 0.250 0.231 
3 0.344 : 0.352 
4 0.344 0.352 
5 0.475 0.514 
6 0.475 0.514 
7 0.475 0.514 
8 0.475 0.676 
9 0.475 0.838 
10 ` 1.000 i 0.838 


*Log-rank test, p > 0.5. 


factor infertility was an additional diagnosis in 55 cou- 
ples. Luteal phase inadequacy was not diagnosed as the 
sole infertility factor in any couple. 

One hundred twenty-five patients had one or more 
infertility factors other than anovulation; fifty-four of 
125 (43.2%) conceived. Among 17 couples, a cause was 
not found to explain the infertility. Eight of these cou- 
ples did not have evaluation for a peritoneal factor, 6 
because pregnancy occurred and 2 because the evalu- 
ation was ongoing at the close of the study. Three of 
the 9 couples with unexplained infertility achieved 
pregnancy. ' 

Endometrial inadequacy in one biopsy specimen was 
diagnosed in association with clomiphene citrate ad- 
ministration in 26 women; 15 (57.7%) achieved preg- 
nancy (Table II). Thirty-four patients taking clomi- 
phene citrate for ovulation induction had in-phase en- 
dometrial biopsy specimens; 21 of 34 (61.8%) achieved 
pregnancy. Luteal phase inadequacy was unassociated 
with clomiphene citrate administration in 7 women, all 
of whom had other infertility factors; 2 (28.6%) 
achieved pregnancy with treatment. 


Chance of conception. A life-table analysis was per- _ 


formed, limited to patients with ovulatory factor infer- 
tility analyzed from the second treatment month. Of 
the initial 197 charts reviewed, 98 had an ovulatory 
factor. Fifty-one charts were excluded from the analysis 
since one or more other factors also were identified, 
and 36 were excluded since a potential cause of infer- 
tility (luteal phase inadequacy) was not excluded. 
Among the remaining 11 charts with only ovulatory 
dysfunction, there was one pregnancy among four 
women with clomiphene citrate—induced luteal phase 
inadequacy and two pregnancies among seven women 
with in-phase endometrial biopsy specimens. The preg- 
nancy rate in patients with only ovulatory function in- 
fertility, whether with or without clomiphene citrate— 
induced luteal phase inadequacy, was not significantly 
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different by the log-rank test (p > 0.5). The probability 
of conception by month is shown in Table III. 
Among the initial 47 women with only ovulatory fac- 
tor identified as a cause of infertility, nine women 
had results for no or only one treated cycle. When 


these nine women are excluded, there are 38 women 


treated with clomiphene citrate for ovulation induction, 
with no other identified infertility factors. Six of 12 
women with clomiphene citrate—induced luteal phase 
inadequacy achieved pregnancy, and 14 of 26 without, 
clomiphene citrate—induced luteal phase inadequacy 
achieved pregnancy. The difference between the two 
groups is not statistically significant by the log-rank test 
(p > 0.5). The probability of conception by month is 
shown in Table IV. 

To ascertain if the diagnosis of luteal phase inade- 
quacy has an impact on fecundity, 67 charts were an- 
alyzed in which there was no ovulatory or male factor 
identified. Forty-four women had no treated cycles, so 
that 23 charts were available for analysis. Two of 7 
women with luteal phase inadequacy plus other factors 
achieved pregnancy; two of 16 patients without luteal 
phase inadequacy and one or more infertility factors 
achieved pregnancy. This difference was not statisti- 
cally significant by the log-rank test (p > 0.4). The 


` probability of conception by month is shown in Ta- 


ble V: 


Comment 


Murthy et al. diagnosed luteal phase inadequacy in 
37 of 335 infertile patients, none of whom had habitual 
abortion and in whom the luteal phase inadequacy was 
repetitive in only 13 women (3.9%). When treated and 
untreated groups were compared, the data indicate that 
treatment had no effect on either the incidence or the 
outcome of pregnancy. Driessen et al.” compared preg- 
nancy rates among 232 women divided according to 
the single endometrial biopsy results and found that 
the cumulative pregnancy rate of all patients was 53% 
within 2 years. Balasch et al.* compared the incidence 
of luteal phase deficiency among fertile women (4.0%), 
infertile patients (12.9%), and women with early re- 
current miscarriage (28.3%); their data showed that the 
outcome of pregnancy in infertility patients not receiv- 
ing treatment is similar to that observed in treated 
women and that the incidence of luteal phase inade- 
quacy does not differ between fertile and control 
groups. DiPaola et al’ studied 41 cases of retardation 
of progestational phase endometrium among 620 in- 
fertile patients and found no difference in the inci- 
dence and outcome of pregnancy between couples in 
whom luteal phase inadequacy was the sole fertility fac- 
tor and those with other causes for infertility. These 
authors state that this entity does not constitute an in- 
fertility factor. Davidson et al.” analyzed 774 endo- 
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metrial biopsies performed because of infertility, di- 
agnosed luteal phase inadequacy in 5.7%, and con- 
cluded that endometrial biopsies may be useful only if 
performed in cases of habitual abortion or ovulation 
induction with clomiphene citrate. The conclusions of 
these five studies, which analyzed the impact of the 
diagnosis on the incidence and outcome of pregnancy, 
have not been generally recognized or accepted. Most 
studies emphasize only the frequency of diagnosis, and 
the incidence of luteal phase inadequacy has been re- 
ported as high as 65%!! and 86%” of an infertile pop- 
ulation. The implication in the literature is that luteal 
phase inadequacy must be identified and treated to 
improve the incidence and outcome of pregnancy, 
which we challenge. 

Analysis of the predictability of biopsy results. A 
major discrepancy between this and other recent 
studies'' '? is in the incidence of endometrial inade- 
quacy and thus in the diagnosis of luteal phase inad- 
equacy. Among our criteria for adequacy of the en- 
dometrial biopsy, we require that the biopsy be done 
as close to the expected menses as possible, no earlier 
than ideal day 25; Balasch and Vanrell'? also use these 
criteria. The diagnosis of luteal phase inadequacy re- 
quires consistently out-of-phase biopsy specimens in at 
least two cycles. We*' and others'!?:'§ have shown that 
biopsy material obtained in the midluteal phase and 
earlier does not predict the onset of menses and has a 
wide interobserver error. 

Li et al.” have reported that an in-phase biopsy spec- 
imen would have a 5% chance of being read as out of 
phase in the early luteal phase compared with an 18% 
chance in the late luteal phase and that intraobserver 
variation of histologic dating’ was greater in the late 
luteal phase. However, these authors assign dates from 
the luteinizing hormone surge and not from next 
menses and assign a single day (i.e., luteinizing hor- 
mone day + 10 compared with secretory day 23 to 
24). We were therefore startled to find a significant 
difference in endometrial dating between Pathology 
(25.452 + 1.059 days) and A. C. W. (25.731 + 1.05 
days). In our experience interobserver and intraob- 
server variation in dating endometrium in the late lu- 
teal phase is not clinically different; despite the statis- 
tical difference, clinically, the readings are identical. 
Further, an endometrial pattern dated secretory day 
25 to 26 and taken the day before (secretory day 27) 
the onset of menstruation (secretory day 28) is in phase, 
so only real asynchrony in endometrial development is 
diagnosed as significant. 

One might then argue that the criteria described 
above will “miss” patients with luteal phase inadequacy 
requiring treatment. However, the incidence of preg- 
nancy in our group of patients with unexplained in- 
fertility (9/17, 52.9%) is consistent with that in the 
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Table V. Probability of conception in infertile 
couples with and without luteal 
phase inadequacy 











Patients with luteal 
phase inadequacy and 
other infertility factors* 
(n = 7) 


Infertile couples without 
luteal phase inadequacy* 
(n = 16) 


1 0.000 0.0625 
2 0.000 0.0625 
3 0.200 0.0625 
5 0.200 . 0.0625 
6 0.200 0.0625 
8 0.200 0.0625 
10 0.200 0.0625 
12 1.000 0.0625 
16 1.000 1.0000 


` *Log-rank test, p > 0.4 


literature.!8 Furthermore, Navot et al.'° have shown 
that consistent glandular-stromal disparity and asyn- 
chronous early biopsy readings are compatible with suc- 
cessful implantation. 

In what percentage of couples is luteal phase in- 
adequacy the sole diagnosis? A reason sufficient to 
explain the infertility was diagnosed in 180 couples and 
the infertility remained unexplained in 17 couples. 
Two or more factors other than an ovulatory factor 
were diagnosed in 125 couples. No patient was found 
to have luteal phase inadequacy as the only infertility 
factor identified. 

Does the diagnosis of luteal phase inadequacy rep- 
resent only a chance event? One hundred thirty-seven 
women did not undergo treatment with clomiphene 
citrate. Twenty-four endometrial biopsy specimens 
were out of phase on initial sampling (17.5%), and on 
repeat biopsy 7 (5.1%) patients were again found to 
have out-of-phase endometrial biopsy specimens. 

To assess whether the 7 cases of luteal phase inad- 
equacy are more than would be expected solely on the 
basis of chance, probability calculations can be used. 
With a baseline rate of 24 of 137 biopsy specimens being 
out of phase, the chance of a randomly selected sample 
being out of phase is 24 of 137. If the results of two 
consecutive specimens are random, then we would ex- 
pect two consecutive specimens to be out of phase 
by chance with a probability: (24/137) x (24/137) = 
0.1751824 x 0.1751824 = 0.0306880. 

Of 137 women, we would expect 137 x 0.0306880 
or 4.204256 women with luteal phase inadequacy by 
chance. We observed 7 women with luteal phase in- 
adequacy; the chance of observing 7 women when 
the expected number is 4.2 isp = 0.133, using a Poisson 


` distribution. As such, there is no evidence that the di- 


agnosis of luteal phase inadequacy is more than a 
chance event in the population studied. Davidson 
et al., finding that 5.7% of their infertility population 
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had two consecutive out-of-phase biopsy specimens, ar- 
rived at the same conclusion. Driessen et al.’ in their 
discussion note that the 3.5% incidence reported by 
Katayama et al.” is not different from the 3.6% chance 
occurrence found in their own study. 

Does the chance of conception vary between those 
women with and those without clomiphene citrate— 
induced luteal phase inadequacy? This analysis re- 
quired limitation to those women with an ovulatory 
factor who were analyzed from the second treatment 
month on. For the first month only, the probability of 
conception could be analyzed between women with lu- 


teal phase inadequacy in the presence of other factors ` 
and women with only ovulatory dysfunction. The’ 


chance of conception could be analyzed between 
women with luteal phase inadequacy and other factors 
against all women without other identified factors, and 
the pregnancy rate was not significantly different. 
There was also no difference found in the probability 
of conception in clomiphene citrate—treated patients 
with and without luteal phase inadequacy. Luteal phase 
inadequacy did not influence fecundity in this popu- 
lation. i 

Does the diagnosis of luteal phase inadequacy fur- 
ther affect fecundity when fecundity is already im- 
paired by other infertility factors? There are three 
major flaws inherent in this investigation. These in- 
clude: (1) the problem of multiple variables, (2) the 
inability to achieve adequate statistical power, and (3) 
a lack of untreated controls. 

One can deal with multiple variables only by defining 
each of these variables in a consistent manner. For in- 
clusion into and exclusion from a particular category, 


all charts were reviewed with the same definition, and- 


a decision made whether the particular subject should 
be included or excluded from the classification and 
whether there were sufficient data to allow judgment. 
If data were insufficient, the chart was not included in 
the analysis. All charts included in the analysis were 
from one physician’s practice and were reviewed by one 
physician. The statistical analysis was carried out by an 
independent unbiased observer. These analyses were 
done on the basis of “yes” or “no” or “not evaluated,” 
and infertility factors were not graded as to degree or 
severity. 

The second problem is that of inadequate statistical 
power, a problem of numbers. That no charts were 
included in which luteal phase inadequacy was the sole 
diagnosis is unusual, considering that approximately 
3% of charts should have this diagnosis by chance. 
However, there were seven charts reviewed in which 
luteal phase inadequacy was found in the presence of 
other infertility factors but in the absence of clomi- 
phene citrate administration. The observed occur- 
rences are low but conform to those reported in the 
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context of pregnanéy outcome; the occurrences are 
very low when compared to reports of incidence in the 
literature. 

Finally, to an infertile- population, participation in a 
blinded study, in which a no-treatment arm is compared 
with a treatment arm, is not viewed as a positive op- 
portunity. This is one explanation why the suggestion 
by Andrews”! of a double-blind controlled study of lu- 
teal phase inadequacy has never been implemented. 
Data presented here suggest that the incidence of luteal 
phase inadequacy is low and so confounded by other 
infertility variables that an appropriate study design 
would be elusive. 

In conclusion, the salient observations from this in- 
vestigation are that the incidence of luteal phase in- 
adequacy is low, about 5% in an infertile population, 
and that there were no differences observed in fe- 
cundity in patients diagnosed to have or not to have 
luteal ‘phase. inadequacy. Although clomiphene citrate 
administration resulted in a higher incidence of luteal 
phase inadequacy, pregnancy rates did not differ if 
treatment was instituted. By the use of a life-table ap- 


` proach to analysis, we show that couples in whom luteal 


phase inadequacy was identified (first cycle) and treated 
(second cycle) did not show a delay, or an increased 
number of cycles, until conception. In the population 
studied the diagnosis of luteal phase inadequacy did 
not have a negative impact on fecundity. 


We thank Dr. Carl M. Herbert and Dr. George A. 
Hill for their critical review of the manuscript and Bev- 
erly Steele and Karen Bernabei for their editorial as- 
sistance. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. VaL Davajan, Los Angeles, California. Dr. 
Wentz, I commend you and your co-workers for the 
enormous amount of work you did in preparing this 
manuscript. 

My first question has to do with the definition of 
luteal phase inadequacy as diagnosed by an endome- 
trial biopsy. Some authors make the diagnosis of luteal 
phase inadequacy only when the luteal phase endo- 
metrial biopsy pattern is >2 days (therefore at least 3 
days) out of phase in two cycles as calculated by sub- 
tracting 14 days from the date of onset of subsequent 
menses. In this manuscript you used the definition of 
“lag of 22 days.” Davis et al.’ reported the incidence 
of single and sequential out-of-phase endometrial bi- 
opsy specimens (using the count-back method) to be 
51.4% and 26.7%, respectively, in five fertile women 
studied. Using a lag of 23 days to define luteal phase 
inadequacy, the incidence of single and sequential out- 
of-phase biopsy specimens was 31.4% and 6.6%, re- 
spectively. These incidences in normal fertile women 
are as high as the rates quoted for the infertile popu- 
lation.’ Dr. Wentz, does the |-day difference in defi- 
nition make a significant difference? Would you also 
comment as to how and why two out-of-phase cycles 
are required—why not only one or three? If the inci- 
dence of out-of-phase biopsy specimens decreases with 
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sequential biopsies, could a requirement of four out- 
of-phase specimens essentially eliminate luteal phase 
inadequacy as a cause of infertility? 

My next question has to do with dating of the en- 
dometrium on the basis of subtracting 14 days from 
the date of subsequent menses to assign the presump- 
tive day of ovulation to the cycle. In two recent pub- 
lications this method proved to be inaccurate. Li et al.? 
in 1987 reported that 42% of endometrial biopsy spec- 
imens were =2 days out of phase when onset of next 
menstrual period was used and only 10% were found 
to be out of phase when luteinizing hormone peak was 
used to establish dates for the endometrium.? More 
recently, Shoupe et al.* reported the results of dating 
of maturity of endometrium by histologic examination 
as correlated with four methods of ovulation detection 
in 13 cycling, parous women. The histologic date was 
assigned and correlated with the postovulatory dura- 
tion as determined by daily transvaginal ultrasono- 
graphic scanning, serum luteinizing hormone mea- 
surements, basal body temperatures, and subtraction 
of 14 days from onset of menses. These authors re- 
ported that dating of endometrium was highly corre- 
lated (p < 0.002) with day of ovulation as determined 
by ultrasonography and found to be within 2 days of 
the correct postovulatory day on evaluation of 25 of 26 
(96.1%) of the interpretations. With the use of lutein- 
izing hormone surge, there was an 84.6% correlation 
and with the use of a basal body temperature there was 
a 76.9% correlation. However, dating of endometrium 
was within 2 days of correct day in only 17 of 26 in- 
terpretations (65%) as determined by subtracting 14 
days from the onset of subsequent menses. In other 
words, with this latter method of dating a biopsy spec- 
imen, 35% of fertile cycling women were found to be 
out of phase.’ 

My third question has to do with the so-called 
clomiphene—induced luteal phase inadequacy. Did all 
26 women with luteal phase inadequacy who received 
clomiphene have an in-phase biopsy specimen before 
starting clomiphene therapy? Would you also discuss 
how clomiphene causes luteal phase inadequacy? It has 
been shown that women treated with clomiphene have 
higher preovulatory serum 17§-estradiol levels (and 
larger follicles) when compared with those of sponta- 
neously ovulating women.‘ How can higher levels of 
178-estradiol result in luteal phase inadequacy? On the 
other hand, if you accept the fact that clomiphene is 
one of the causes of luteal phase inadequacy, how can 
increasing the dose in an effort to correct the defect 
be considered a rational approach? 

My next question has to do with the finding that there 
was a statistically significant difference (p < 0.01) in the 
number of in-phase biopsy specimens obtained from 
patients not taking clomiphene as compared with the 
number’ obtained from patients taking clomiphene. 
The critical test requires that all 197 women undergo 
an initial endometrial biopsy before entering into this 
study. The clomiphene group could very well be the 
patients with ovarian dysfunctions who could be ex- 
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pected to have a higher incidence of luteal phase in- 
adequacy before initiating clomiphene therapy. 

My last question has to do with the use of probability 
calculations to assess whether the seven cases of luteal 
phase inadequacy were more than would be expected 
solely on the basis of chance. The probability of two 
out-of-phase biopsy specimens is the product of indi- 
vidual probabilities only if the probability of two events 
is independent. The probability of two out-of-phase 
biopsy specimens may in fact not be independent events 
since the cause of luteal phase inadequacy may be per- 
sistent follicular dysfunction. 
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Dr. Epwarp E. WALLAacs, Baltimore, Maryland. 
Thank you very much for a very stimulating article. 
You have had a great deal of experience with this entity 
and have continually enlightened us with regard to it. 

My question will be a lot simpler than Dr. Davajan’s, 
namely, are we diagnosing the syndrome, if there is 
such a syndrome or entity, on the basis of all or none 
criteria thereby using a 2-day or >2-day lag in all pa- 
tients? 

Would there not be a better rationale in looking at 
data regarding treatment and fecundity after treatment 
for luteal phase defect by categorizing the condition as 
mild, moderate, or severe as we do with other entities 
such as endometriosis? In so doing, we would be con- 
sidering in separate categories patients whose discrep- 
ancy in dating is brief or long and not including the 
patient with a discrepancy of 6 days in the same cate- 
gory as a patient whose endometrium is only 2 or 3 
days out of phase. 

Dr. MICHAEL SOULES, Seattle, Washington. If I un- 
derstand correctly, you are questioning the clinical rel- 
evance of luteal phase deficiency as a cause of infertility. 

I think the whole matter of luteal phase deficiency is 
based on a “bed of sand” in the sense that it all comes 
down to the diagnostic method used. The endometrial 
biopsy is the method that you discussed. 

What we need is a gold standard for the diagnosis 
of luteal phase deficiency. The biopsy, as such, is an 
unproved diagnostic method. 

We have recently looked at the diagnostic methods 
used in diagnosing luteal phase deficiency. The women 
we studied underwent endometrial biopsies and daily 
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blood sampling throughout a complete menstrual cycle. 
We used a low integrated serum progesterone level over 
the course of the luteal phase as the gold standard for 
luteal phase deficiency. Obviously, daily progesterone 
measurements are not practical in the clinical setting 
but do serve as a definite indication that the problem 
is present. The endometrial biopsy, in comparison to 
this gold standard, had a 25% false-positive rate and a 
30% false-negative rate. Therefore I think we are jump- 
ing ahead to get into the clinical relevance of luteal 
phase deficiency when we don’t have a good method 
for diagnosis. 

Personally, I believe that luteal phase deficiency is 
relevant and occurs in 5% to 10% of chronically infertile 
women. However, in the context of your presentation, 
I would appeal to everyone to come up with a better 
method to diagnose luteal phase deficiency. 

Dr. Wentz (Closing). Dr. Davajan asked first about 
the definition of luteal phase inadequacy. By conven- 
tion, we have consistently defined endometrial inade- 
quacy as a biopsy =2 days out of phase. In 1949, Dr. 
Georgeanna Jones initially described luteal phase in- 
adequacy. During the 1960s, she showed that it could 
be experimentally induced by the administration of clo- 
miphene citrate.’ At that time, she validated a definition 
that was based on dating for 2 days, for example, se- 
cretory day 26 to 27 or 22 to 23. She also made a very 
important point that has been ignored; that point is 
that the biopsy must be done as closely as possible to 
the next menstrual period. That biopsy specimen then 
reflects a bioassay of the totality of estrogen and pro- 
gesterone stimulation during the luteal phase. If one 
performs an endometrial biopsy as close as feasible to 
menses and it is read by 2-day dating to be secretory 
day 25 to 26 or even 27 to 28, it cannot be out of phase. 
In answer then to Dr. Wallach’s question, “Should we 
have a mild, moderate, or severe defect,” one cannot 
have a defect that is mild, moderate, or severe. The 
biopsy specimen is either in phase or out of phase, and 
no grading is possible. 

In addressing Dr. Davajan’s second question about 
the number of cycles, our data showed that the ability 
of a first out-of-phase biopsy specimen to predict a 
second out-of-phase specimen is not statistically signif- 
icant, although the significance fails by very little. There 
is a trend, but for the diagnosis to be made, two cycles 
would be needed. 

In reference to the article by Dr. Shoupe et al.,? 
which, of course, was read with great interest, it is im- 
possible to compare their data to those presented in 
our article. Since 1949, we have used the same criteria 
for the diagnosis of endometrial inadequacy and thus 
the diagnosis of luteal phase inadequacy. Shoupe et al. 
have used different criteria. Most endometrial biopsies 
in their study were done earlier, closer to secretory day 
22 to 23 of the luteal phase and not close to menses. 
Their findings confirm the data of Cumming et al° 
showing that the earlier the biopsy, toward secretory 
day 20 to 21, 21 to 22, or even 24 to 25, the more often 
the endometrial biopsy specimen will be out of phase. 
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In reference to Dr. Davajan’s question about the in- 
duction of endometrial inadequacy by the administra- 
tion of clomiphene citrate, I was delighted to see a slide 
from his group confirming the previous work of Taub- 
ert and Dericks-Tan,* showing that estradiol is indeed 
markedly increased in the midcycle in clomiphene- 
treated patients. The estradiol level correlates with the 
number of follicles, perhaps 500 pg/ml of estradiol. 
What Dr. Davajan failed to show us were the midluteal 
phase estradiol levels in those same patients; indeed, 
reflective of the midcycle estradiol increases, estradiol 
levels in the midluteal phase in these patients are also 
three to four times those anticipated during the normal 
menstrual cycle. However, in these patients progester- 
one levels are not increased three or four times and, 
in fact, are closer to normal. Therefore there is an 
abnormal estradiol-to-progesterone ratio induced by 
the increased amount of estrogen, and this then is re- 
flected at the level of the endometrium. 

Dr. Davajan, there is no paradox that clomiphene 
citrate can be used to treat luteal phase inadequacy and 
that it also causes endometrial inadequacy. There is a 
dose-response relationship between the dosage of clo- 
miphene administered and the follicle-stimulating hor- 
mone increase. If clomiphene citrate is administered to 
patients with, for example, a long follicular phase, one 
will correct the luteal phase inadequacy by inducing 
a follicle-stimulating hormone increase. However, if 
one gives clomiphene citrate to a normally ovulating 
woman, one will then induce an inadequacy of go- 
nadotropin output and the other inadequacies of ratio 
that I have already discussed. There is therefore no 
paradox. 

In response to Dr. Soules, indeed, yes, we need a 
better mousetrap. If Dr. Soules measured daily pro- 
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gesterone levels during the luteal phase to diagnose 
luteal inadequacy, I would question even daily levels if 
these were from serum. Salivary progesterone mea- 
sured on a daily basis may be the only way that we can 
find that the area under the progesterone curve does 
indeed decrease in patients with endometrial inade- 
quacy. This correlation with the endometrium is almost 
perfect. 

I conclude that if criteria are used that are consistent, 
if endometrial dating that reflects the totality of 
estrogen-progesterone stimulation is used, and if those 
biopsies are done as close to menses as possible, then 
indeed the endometrial biopsy can be used as a means 


- of diagnosing endometrial inadequacy. 


What our data were meant to show was that in a 
routine infertile population, among whom hyperpro- 
lactinemia and low body weight and other conditions 
were rare, the diagnosis and treatment of luteal phase 
inadequacy did not benefit the population in terms of 
pregnancy and its outcome. 
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Urinary incontinence in community-dwelling women: Clinical, 


urodynamic, and severity characteristics 


J. A. Fantl, MD, J. F. Wyman, MD, D. K. McClish, MD, and R. C. Bump, MD 
Richmond, Virginia 


Descriptive data on 145 community-dwelling older women with urinary incontinence are presented. 
Assessment included history, physical and functional examinations, and urodynamic and severity 
evaluations. Patients were 67 + 8 years old, mentally and functionally intact, predominantly white, and of 
middle-to-upper socioeconomic strata. Specific urodynamic criteria were used to establish the diagnosis of 
sphincteric incompetence and detrusor instability. Fifteen (10%) did not fulfill either criteria, 90 (62%) had 
sphincteric incompetence, 17 (12%) had detrusor instability, and 23 (16%) had both. Detrusor and urethral 


function variables showed some impairment in all patients. Impairment was least in subjects without 
demonstrable diagnosis and worst in those with both disorders (p < 0.01). The findings suggest that 
detrusor and urethral functions are impaired in all incontinent women and that the degree of impairment 
varies. The impairment seems worse when both urodynamic diagnoses are demonstrable. The data 
support the pathophysiologic association of urethral and detrusor dysfunctions. (Am J OBSTET GYNECOL 


1990;162:946-52.) 


Key words: Urinary incontinence, urodynamics, severity of incontinence 


Urinary incontinence affects approximately 37% of 
older women living in the community; 20% to 25% of 
cases may be classified as severe.’ In nursing homes, 
the prevalence seems to exceed 50%.* Lack of urinary 
control not only has significant psychologic and social 
impact, but also influences survival.’ Conservative es- 
timates in the United States indicate annual costs in 
excess of 6 billion dollars in managing urinary incon- 
tinence.* Although recent advances in standardiza- 
tion of nomenclature and assessment techniques have 
been significant, further improvements in diagnos- 
tic characterization and management strategies are 
needed.? 

To characterize patients with urinary incontinence, 
we studied 145 incontinent women living in the com- 
munity and entering a clinical trial of behavioral 
treatment. Our purpose is to describe the patients 
with regard to their specific clinical and urodynamic 
characteristics and the objective severity of their con- 
dition. 
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Material and methods 


The study population consisted of 145 women en- 
tering a clinical trial of behavioral management for uri- 
nary incontinence. Inclusion criteria included age 55 
years or older, independent resident in the community, 
ambulatory status, mental intactness (Mini-Mental State 
score =23),° and at least one episode of urinary incon- 
tinence per week. Exclusion criteria included persistent 
urinary tract infection, reversible cause of incontinence 
(i.e., fecal impaction, direct drug effect), metabolic de- 
compensation, inability for self- or assisted toiletting, 
outlet obstruction, genitourinary fistula, urethral di- 
verticulum, and permanent catheterization. 

The initial assessment consisted of a demographic 
and functional characterization, comprehensive his- 
tory, physical examination, urinalysis, and serum chem- 
istry tests. Data on symptoms were obtained by inter- 
view following a structured questionnaire. The history 
also included duration of the incontinence, previous 
treatment of the condition, use of pads for perineal 
protection, and a review of drug use. Functional status 
was assessed by the Older Americans Resources and 
Services’ Activities of Daily Living Scale. Diurnal and 
nocturnal micturition frequencies were determined by 
a l-week urinary diary.” More than 8 micturitions a day 
constituted diurnal frequency and more than one mic- 
turition a night constituted nocturnal frequency.® 

The pelvic examination incorporated the specific de- 
termination of both anterior and posterior vaginal de- 
scensus during maximal bearing-down effort. Descent 
was categorized as second degree or greater when the 
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Table I. Symptoms and pelvic examination ‘results (N = 145) 








Symptom 
Stress incontinence 80 
Urge incontinence 80 
Diurnal frequency 60 
Nocturnal frequency 53 
Pelvic examination 
Anterior vaginal wall descensus = 2 a 2 
Rectocele = 2 20 
Enterocele 13 
Levator ani tone 100 
Bulbocavernosus reflex 73 


91 38 57 
52 88 64 
46 63 48 
48 56 65 
26 18 13 
20 24 22 
3 6 17 
88 53 78 
72 82 70 











SI, Sphincteric incompetence; DI, detrusor instability. 


specific segment of the vagina descended further than 
the mid-vaginal plane. Urethral axial mobility was de- 
termined in the supine position by comparing the axis 
at rest to that during a maximal bearing-down effort. 
A specially designed goniometer and metallic swab 
were used. The minimal measuré unit was 5 degrees.° 

The detrusor function filling phase was assessed 
through retrograde subtracted provocative cystometry 
with room temperature saline solution at a medium 
infusion rate (50 mL/min). Intravesical and intraab- 
dominal transrectal pressures were measured with an 
8-F microtip transducer catheter. Electronic subtraction 
of intraabdominal from intravesical pressure allowed 
simultaneous monitoring of true detrusor pressure. 
Cystometric variables were measured while the patient 
was supine and consisted of residual urine, first sen- 
sation to void, maximal cystometric capacity, volume 
from the first sensation to void to maximal cystometric 
capacity, and compliance. Gravitational and auditory 
provocative maneuvers to determine detrusor stability 
included positional changes (supine to erect), forceful 
coughing, heel bouncing, and listening to running wa- 
ter. Detrusor instability was diagnosed urodynamically 
when bladder contractions occurring during cystome- 
try could not be voluntarily suppressed.” The bladder 
volume at which the initial detrusor contraction oc- 
curred and the amplitude of the strongest contraction 
were measured and recorded. 

Urethral function was assessed with passive and dy- 
namic urethral profilometry as described by Asmussen 
and Ulmstead" and standardized by Anderson et al.”* 
An 8-F microtip transducer catheter with two sensors 
(6 cm apart) was pulled through the urethra at a rate 
of 1 mm/sec. The vesical (distal) sensor remained in 
the bladder, while the urethral (proximal) sensor tra- 
versed the urethra in the 9 o'clock position. Continuous 
simultaneous electronic subtraction of the intravesical 
pressure from the urethral pressure provided the ure- 


thral closing pressure. All measurements were done at 
maximal cystometric capacity and with the patient su- 
pine. Passive urethral profilometry was performed with 
the patient at rest and measurements included func- 
tional urethral length and maximal urethral closing 
pressure. Dynamic urethral profilometry was under- 
taken as the patient was asked to cough forcefully while 
the urethral sensor traversed the urethra. The test was 
judged positive when zero closing pressure was reached 
with each cough throughout the entire functional ure- 
thral length.” Fluid loss was directly visualized with the 
bladder at maximum cystometric capacity in both the 
supine and erect positions. Urethral incompetence was 


` diagnosed when a spurt of fluid was observed to exit 


the external meatus at the peak of a maximal cough 
effort.” The presence of positive dynamic profilometry 
or a direct visualization test fulfilled the urodynamic 
criteria for urethral sphincteric incompetence. The se- 
verity of the incontinence was determined by monitor- 
ing the number of incontinent episodes using the 1- 
week urinary diary’ and the quantity of fluid lost during 
a controlled laboratory-based perineal pad weighing 
test.” 

Subjects were classified into four groups according 
to their urodynamic characteristics. The no sphincteric 
incompetence or detrusor instability group consisted of 
subjects who did not fulfill the diagnostic criteria for 
either dysfunction. Subjects in the sphincteric incom- 
petence group fulfilled only the criteria for urethral 
sphincteric incompetence. Subjects in the detrusor in- 
stability group fulfilled only the criteria for detrusor 
instability. Subjects in the last group demonstrated uro- 
dynamic evidence of both sphincteric incompetence 
and detrusor instability. 

Statistical analysis. Means and standard deviations 
were calculated for continuous variables and percent- 
ages for categoric variables. Analysis of age and the 
duration of urinary incontinence used one-factor anal- 
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Table II. Cystometry and passive urethral profilometry (N = 23) 








Cystometry 

Residual urine (ml) 6+ 14 8+ 19 13 + 16 7+ 18 

First sensation to void (ml) 239 + 135 191 + 95 197 + 125 191 + 102 

Maximal cystometric ca- 404 + 124 351 + 111 306 + 112 275 + 125 
pacity (ml)* 

Maximal cystometric 165 + 108 160 + 108 110 + 103 84 + 94 
capacity ~ first sensa- 
tion to void (ml)* 

Compliance (ml/cm H,O)* 186 + 143 182 + 121 137 + 92 99 + 88 

Mean bladder volume trig- N/A N/A 276 + 118 161 + 87 
gering detrusor con- 
tractions (ml)} 

Mean amplitude of detru- N/A - N/A 27 + 17 32 +9 
sor contractions 
(cm/H:0) 

Passive urethral profilometry 

Functional urethral length 28 + 4 25 +7 2727 22 +8 
(mm)* 

Maximal urethral closure 44+ 18 29 + 15 31 + 13 19 + 10 
pressure (cm H,O)* 

Urethral axial mobility 26 + 17 21+ 14 22 + 14 13 + 13 


(degrees)* 





SI, Sphincteric incompetence; DI, detrusor instability. 


For cystometry volumes, compliance, and passive urethral profilometry, regression analysis was done to test for trends across 
groups. For cystometry volumes and compliance, the diagnostic groups were coded 0 = no sphincteric incompetence or detrusor 
instability, 1 = sphincteric incompetence, 2 = detrusor instability, and 3 = sphincteric incompetence + detrusor instability. For 
data on passive urethral profilometry, the diagnostic groups were coded 0 = no detrusor instability or sphincteric incompetence, 


= detrusor instability, 


= sphincteric incompetence, and 3 = sphincteric incompetence + detrusor instability. Two sample 


t-tests determined differences between volumes triggering detrusor contractions and their amplitudes. 
*p < 0.01; tp < 0.001. Trends and differences remain when controlling for age. 


ysis of variance to compare means among the four di- 
agnostic groups. Significant differences among groups 
prompted pairwise comparisons at the alpha = 0.05 
level using Tukey’s standardized range test. Chi-square 
tests were used to compare among groups the propor- 
tions of subjects using drugs, perineal protective pads, 
those women having had previous incontinence treat- 
ments, and those having positive urethral function di- 
agnostic tests. 

Regression analysis was used to test the hypothesis 
that detrusor function and quantity of fluid lost wors- 
ened from subjects without demonstrable dysfunction, 
to those with only sphincteric dysfunction, to those with 
only detrusor dysfunction, and finally to those with 
both. A similar analysis tested the hypothesis that ure- 
thral function and frequency of incontinence worsened 
from those subjects showing no demonstrable dys- 
function, to those with pure detrusor dysfunction, to 
those with sphincteric dysfunction, and finally to those 
with both. The volume at which detrusor contrac- 
tions occurred and their amplitude were compared 
between subjects with detrusor instability and with 
sphincteric incompetence + detrusor instability using 
a two-sample t-test. All analyses were reevaluated, in- 
corporating age as an independent factor, to determine 


if the observed effect remained after controlling for 
age. j l 


Results 


Demographically, 93% of the patients were white, 
57% had an undergraduate college degree or more 
education, and 58% had an annual income in excess of 
$20,000. Mean age, parity, and weight were 67 + 8 
years, 3 + 1.7 births, and 158 + 29 pounds. All pa- 
tients were considered functionally intact. Fifteen 
(10%) did not fulfill the urodynamic diagnostic criteria 
for either sphincter incompetence or detrusor insta- 
bility. Ninety (62%) showed only sphincteric incom- 
petence during urodynamic assessment. Seventeen 
(12%) had only detrusor instability, and 23 (16%) had 
both sphincteric incompetence and detrusor instability. 
Between groups, a significant difference (p < 0.05) 
was found only in age. Subjects in the sphincteric in- 
competence + detrusor instability group were older 
(73 + 9 years) than those in the group with neither 
sphincteric incompetence or detrusor instability (67 + 
7 years), the sphincteric incompetence group (65 + 8 
years), and the detrusor instability group (69 + 11 
years). 

The mean duration of the symptoms of urinary in- 
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Table ITI. Severity by frequency of incontinent episodes and quantity of fluid loss (N = 145) 








Frequency of incontinence episodes (no./wk)* 
Quantity of fluid lost (gm)* 





SI, Sphincteric incompetence; DI, detrusor instability. 


8 +6 92 + 94 


4+ 10 


14 + 10 25 + 19 


22 + 54 65 + 84 91 + 101 





Regression analysis was done to test for trends across groups. For the frequency of incontinence episodes, the diagnostic groups 
were coded 0 = no sphincteric incompetence or detrusor instability, 1 = detrusor instability, 2 = sphincteric incompetence, 
3 = sphincteric incompetence + detrusor instability. For the quantity of fluid loss, the code was 0 = no sphincteric incompetence 


or detrusor instability, 
instability. 
*p<0.01. Trends remained when controlling for age. 


continence for the entire study group was 10 + 10 
years. This duration did not differ significantly in any 
given group. Thirty-seven percent of the women had 
previously béen treated for their urinary incontinence 
at least once and 72% indicated they used perineal pads 
for protection, Diuretics were used by 32% of the sub- 
jects, cardiovascular medications by 29%, and estrogen 
by 28%. The distribution of these variables was similar 
among diagnostic groups. 

The main presenting symptoms and observations on 
pelvic examination are listed on Table I. Loss of urine 
during exertion (symptom of stress incontinence) oc- 
curred in all diagnostic categories. Those women with- 
out demonstrable urodynamic diagnosis (80%) and 
those with pure sphincteric incompetence (90%) com- 
plained of this symptom more often than did those with 
an unstable detrusor (37%) or those with both dys- 
functions (57%). The sensation of imminent micturi- 
tion before urine loss (symptom of urge incontinence) 
was also present in all diagnostic groups, more com- 
monly in subjects with pure detrusor instability (88%) 
and in those without demonstrable urodynamic abnor- 
mality (80%). Symptoms of diurnal and nocturnal mic- 
turition frequency were distributed similarly among di- 
agnostic groups. 

Data on cystometry and. passive urethral pressure 
profilometry are presented and compared across 
groups in Table IJ. Volumes of maximal cystometric 
capacity, first sensation to void to maximal cystometric 
capacity, and compliance showed a reduction trend that 
was statistically significant (p.<.0.01). Volumes were 
largest in women without evidence of urodynamic ab- 
normality and lowest in those with both dysfunctions. 
Those with only unstable detrusor function had smaller 
volumes than those with only sphincteric dysfunction. 
Uninhibited detrusor contractions occurred at signifi- 
cantly lower volumes in patients with both dysfunc- 
tions than in those with detrusor instability alone 
(p < 0.001). The amplitudes, however, did not differ 
statistically. 


= sphincteric incompetence, 2 = detrusor instability, and 3 = sphincteric incompetence + detrusor 


Equalization of pressure across the entire functional 
urethral length during dynamic urethral profilometry 
was the only positive urethral function diagnostic test 
result in seven (8%) women in the sphincteric incom- 
petence group and two (11%) women in the sphincteric 
incompetence + detrusor instability group. Direct vi- 
sualization of fluid lost was the only positive test in 22 
(25%) in the sphincteric incompetence group and in | 
(5%) in the combined dysfunction group. Both diag- 
nostic criteria were positive in 60 (67%) of subjects in 
the sphincteric incompetence group and in 16 (84%) 
of subjects in the combined dysfunction group. The 
distribution of positive test results among both diag- 
nostic groups was similar (p > 0.1). In four subjects 
with combined dysfunction, dynamic urethral profilo- 
metry was technically not satisfactory because of severe 
detrusor instability stimulated by coughing. One direct 
visualization test was not performed satisfactorily in a 
subject with sphincteric incompetence alone because 
extreme obesity did not allow proper visualization. Ure- 
thral sphincteric function variables were also analyzed 
for trends. Functional urethral length, maximal ure- 
thral closure pressure, and mobility of the urethral axis 
showed the largest values in the group lacking uro- 
dynamic diagnosis, decreasing to smaller values in 
the group with evidence of both urodynamic diagnoses 
(p < 0.01). © 

The severity of incontinence as determined by the 
number of incontinence episodes reported in a weekly 
diary and by quantitating fluid loss is presented in Table 
III. Incontinent episodes were most frequent in sub- 
jects with both diagnoses and less in those without de- 
monstrable dysfunction. Those subjects with pure 
sphincteric incompetence lost urine more frequently 
than those with only detrusor instability (p < 0.01). The 
quantity of the fluid lost was, again, greater for patients 
with both dysfunctions and least for those without any 
demonstrable abnormality. Subjects with only an un- 
stable detrusor lost more fuid than those with only 
sphincteric incompetence (p < 0.01). 
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Comment 


The descriptive data presented provide the oppor- 
tunity to review and correlate specific characteristics of 
community-dwelling women with urinary inconti- 
nence. The study population consisted of predomi- 
nantly white, educated women of middle to upper so- 
cioeconomic strata. Such demographic selection may 
have resulted, at least in part, from the media-based 
recruitment strategies and/or the behavioral nature of 
the treatment protocol. The inclusion/exclusion crite- 
ria limited the study to older, mentally intact, and func- 
tionally able subjects who clinically resembled those in- 
continent patients most commonly seen in medical 
practice. 

The distribution of subjects among diagnostic groups 
is mostly in line with that observed by other investi- 


gators.” " Review of lower urinary tract symptoms - 


within each group confirms that these occur within each 
diagnostic category and are not specific, but are sen- 
sitive. '® '6 

All subjects demonstrated some degree of detrusor 
dysfunction during filling cystometry. Patients without 
demonstrable urodynamic diagnosis had volumes of 
maximal cystometric capacity and first sensation to void 
smaller than the average volumes observed in normal 
continent women.” A significant deterioration of these 
volumes occurs among groups. Subjects in both the 
detrusor instability and the sphincteric incompe- 
tence + detrusor instability groups demonstrated in- 
voluntary detrusor contractions, but these occurred at 
significantly lower volumes in patients with dual dys- 
function. Similar observations can be made regarding 
urethral function. Subjects without demonstrable ab- 
normality have urethral closure pressures and func- 
tional urethral lengths somewhat reduced when com- 
pared with normative data.” In addition, these vari- 
ables worsen in subjects with pure instability and 
continue to do so in women with pure sphincteric dys- 
function and dual pathology. A progressive deterio- 
ration of both detrusor and urethral functions becomes 
most severe when both dysfunctions are demonstrable. 

The severity of the incontinence also reveals a wors- 
ening trend from subjects without demonstrable uro- 
dynamic abnormality to those having evidence of both 
dysfunctions. However, when measured by the number 
of incontinent episodes, subjects with pure sphincter 
dysfunction reveal increased severity compared with 
those with pure detrusor instability. The reverse is seen 
when the measure is the quantity of fluid lost. These 
observations are probably best explained by the mech- 
anism by which the incontinence occurs. In sphincteric 
dysfunction, the episode is triggered by exertions that 
result in intermittent sporadic sphincteric failures. Fre- 
quency will therefore depend on the number and de- 
gree of exertions and the extent of the sphincteric in- 
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competence. In detrusor dysfunction, the frequency is 
likely to depend primarily on the bladder reaching crit- 
ical volumes. This mechanism is likely to occur less 
frequently and induce larger volumes of fluid loss 
than episodes occurring as a result of pure sphincteric 


- failure. 


Patients in the four diagnostic groups described com- 
plained of involuntary urine loss at least once a week. 
This condition led the patients to seek help within a 
clinical trial that used a behavioral intervention as a 
treatment. Fifteen (10%) of these patients did not fulfill 
any of the established urodynamic criteria and, the spe- 
cific mechanism of their incontinence remains un- 
known. Lack of a urodynamic diagnosis in a symptom- 
atic patient is likely due to reduced sensitivity of the 
diagnostic protocol. These include issues of urody- 
namic technique, diagnostic criteria, and restrictions in 
reproducing conditions of normal daily activities within 
a laboratory environment. The urodynamic and sever- 
ity data of this group indicate that they represent 
women with a lesser degree of dysfunction, and their 
physiopathologic mechanism most likely would be dem- 
onstrated if diagnostic restrictions were overcome. 

Ninety (62%) of women had only urethral incom- 
petence and 12% had only detrusor instability. Cysto- 
metric volumes in women with pure urethral incom- 
petence were smaller than those in women without de- 
monstrable pathology. In addition, these values are 
smaller than available data on continent subjects.” Al- 
though not confirmatory, these observations seem to 
indicate that in this group, detrusor filling function is 
not as “normal” as usually thought. 

Seventeen (12%) of the women had only detrusor 
instability. Variables of urethral function in this group 
were reduced when compared with those with no de- 
monstrable urodynamic diagnosis and with continent | 
subjects of similar age.” However, these were less com- 
promised than in patients with pure sphincter incom- 
petence. These data lead to the perception, again, that 
in women with pure instability, urethral function also 
departs from “normality.” 

Finally, 23 (16%) of women fulfilled both diagnostic 
criteria. Variables of both detrusor and urethral func- 
tion were compromised more in this group than in any 
other. Filling volumes are smaller and involuntary 
contractions occur sooner. Urethral closure pressures 
and functional length are reduced and the urethral axis 
is less mobile than in any other diagnostic group. 
From a clinical viewpoint they therefore represent a 
unique group. The presence of detrusor contractions 
at smaller volumes and low urethral closure pressures 
with poor axial mobility imposes specific management 
dilemmas. f 

The observations we present are descriptive. How- 
ever, they seem to support the hypotheses that (1) some 
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degree of detrusor and urethral dysfunction is present 
in all symptomatic patients, and (2) the degree of dys- 
function varies and is less in subjects with no demon- 
strable urodynamic diagnosis and greater in those with 
both dysfunctions. 

A causal relationship between urethral and detrusor 
dysfunctions has been postulated in women" and 
men.'? Our observations seem to substantiate such a 
hypothesis. The specific correlation between these dys- 
functions, and whether such an association is present 
in all incontinent subjects, remains to be answered by 
future research. Considerable debate exists as to the 
appropriateness of therapeutic plans, particularly in 
subjects without demonstrable urodynamic diagnosis 
and those with both dysfunctions.” We hope that the 
observations presented here, as well as those resulting 
from future investigations, will lead to rational solu- 
tions to these elusive problems. 
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Discussion 


Dr. R. PETER Beck, Edmonton, Alberta, Canada. Dr. 
Fantl and his associates have reported an interesting 
study of 145 women who gave a history of urinary 
incontinence that was essentially stress and/or urge in- 
continence. They identified four subgroups. 

One group of 15 women gave a history of urinary 
incontinence but had no demonstrable urodynamic ev- 
idence of sphincteric incompetence or detrusor insta- 
bility. I would suspect that most, if not all, of these 
patients had detrusor instability, a condition subject to 
spontaneous exacerbations and remissions. Either these 
patients were in remission at the time of testing or 
urodynamic testing did not identify existing detrusor 
instability. 

Another group of 90 women demonstrated evidence 
of sphincteric incompetence as either visualized urine 
loss or pressure equalization between the urethra and 
the bladder synchronous with cough. In this group, 7 
women demonstrated pressure equalization but no de- 
monstrable urine loss with cough, and another 22 
women demonstrated urine loss but no urodynamic 
evidence of pressure equalization synchronous with 
cough. These findings are paradoxic because if pres- 
sure equalizes between the urethra and the bladder, the 
woman should lose urine synchronous with cough, and 


. vice versa. I believe three explanations exist for these 


paradoxic findings. Although the microtip transducer 
these authors used is very popular in North America, 
in my opinion it is not as accurate in performing ure- 
thral profilometry as the balloon catheter system first 
described by Enhorning. I would stress that, through- 
out the study, the investigators used standard accepted 
procedure devised by those urodynamic units using the 
microtip transducer technique. My comments regard- 
ing technique do not in any way reflect on Dr. Fantl 
and his group, but relate to the microtip transducer 
technique itself. A second reason for the paradoxic re- 
sults is that visually identifying urine loss with and only 
with cough can be extremely difficult, especially if the 
patient coughs in a “stuttered” fashion. I do not think 
one can diagnose sphincteric incompetence solely on 
the basis of visualized urine loss synchronous with 
cough. On the other hand, I very strongly believe the 
type and timing of loss relative to stress (especially the 
timing) are very important in the overall assessment. A 
third explanation for the paradox is that women in this 
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study were tested for urine loss with cough in the stand- 
ing and supine positions, but underwent urethral pro- 
filometry only in the supine position. This is standard 
procedure for those units using the microtip transducer 
technique because of real technical difficulties in per- 
forming standing urethral profilometry using the mi- 
crotip transducer. Thus some patients may have lost 
urine only in the standing position, but urethral pro- 
filometry was not performed in that position. Postural 
change has a very significant effect on urethral profil- 
ometry results. A real advantage of the balloon catheter 
technique is that standing urethral profilometry can be 
easily done. We make this a part of our routine. 

A third group of 17 patients demonstrated evidence 
of detrusor instability. The only criticism I have is that 
no mention has been made of how many patients in 
the detrusor instability group and in the mixed incon- 
tinence group lost urine with and after, or after cough 
(i.e., incontinence with stress other than loss synchro- 
nous with cough). These data, in relation to the detru- 
sor instability group, would have been interesting to 
compare with the 38% incidence of stress incontinence, 
by history, in these women and other urodynamic find- 
ings that were present. 

The fourth group of 23 women had a mix of sphinc- 
teric incompetence and detrusor instability. Two 
women demonstrated pressure equalization and no 
urine loss with cough and another woman demon- 
strated the reverse findings. Explanations for these par- 
adoxic findings were discussed in relation to the sphinc- 
teric incompetence group. This group of 23 patients 
showed the lowest incidence of significant anterior wall 
descensus, the least urethral axial mobility, but the 
highest incidence of enterocele formation. Did this 
group have a higher incidence of surgery affecting 
the anterior vaginal wall, especially Burch-type pro- 

cedures? 

Most of the data presented in relation to sphincteric 
incompetence and detrusor instability have been pre- 
viously documented. However, to my knowledge no 
one has documented as extensively and carefully the 
various urodynamic findings in mixed sphincteric in- 
competence and detrusor instability as the Fantl group. 
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Their findings may better our understanding of how 
to manage these patients. Patients with mixed incon- 
tinence, in general, have the most severe symptoms 
(greater volumetric loss and more frequent loss) and 
the worst urethral and detrusor function when com- 
pared with the other two incontinent groups. It is there- 
fore little wonder that this patient is most difficult to 
treat, as often a mix of medical and surgical therapy is 
required. 

The other significant generalization that can be made 
from this study is that one must always remember that 
the urethra and bladder are a functional unit. When 
there is detrusor instability, there are often significant 
changes in urethral function. Also, when there is ure- 
thral sphincteric incompetence, there are often signif- 
icant changes in detrusor function. Patients with mixed 
incontinence, therefore, often represent a type of full- 
blown urethral and detrusor dysfunction. 

I believe this study from the Medical College of Vir- 
ginia will make a significant contribution to our un- 
derstanding of the urethrovesical unit. 

Dr. Leo J. Dunn, Richmond, Virginia. The new cath- 
eter technique that Dr. Fantl is working on might an- 
swer some of the questions that have been asked today. 

Dr. Fanti (Closing). Thank you very much, Dr. 
Beck, for your comments. As you know, I have always 
enjoyed your friendship and respected your work. I 
have learned tremendously from it. Your comments are 
definitely very welcome and they are very appropriate. 

My perception of the so-called “paradoxical obser- 
vations” with regard to urethral function tests relate to 
their specificity and sensitivity. The reason to use two 
tests was to improve on sensitivity, inasmuch as both 
tests are reasonably specific, but modestly to poorly 
sensitive. . 

I agree with you that the microtip transducer catheter 
has its shortcomings, and I think the technology to 
study this small sphincter still is way behind. Dr. Dunn 
mentioned the fact that we are working at trying to 
improve those techniques. However, as it stands now, 
we must know just how these state-of-the-art techniques 
perform. 


Pathophysiology of antiphospholipid antibodies: Absence of 
prostaglandin-mediated effects on cultured endothelium 


Donald J. Dudley, MD, Murray D. Mitchell, DPhil, and D. Ware Branch, MD 


Salt Lake City, Utah 


Antiphospholipid antibodies are associated with recurrent pregnancy loss and thrombosis. Studies suggest 
that antiphospholipid antibodies may inhibit the production of prostacyclin by vascular tissues. We 
incubated sera from women with moderate to high levels of antiphospholipid antibodies with primary 
human umbilical vein endothelial cell cultures. Intact confluent, subconfluent, hydrogen 
peroxide—damaged, and mechanically damaged endothelial cell monolayers were evaluated for the 
production of the prostacyclin metabolite 6-keto-prostaglandin F,, in the presence of sera that were 
positive and negative for antiphospholipid antibodies. All sera were assayed for baseline concentrations of 
6-keto-prosiaglandin F,. before incubation with endothelial monolayers. Additionally, the extent of binding 
of antiphospholipid antibodies to intact and damaged endothelium was studied by immunofluorescent 
techniques and enzyme-linked immunosorbent assay. Our results indicate that prostacyclin production is 
not impaired by sera containing antiphospholipid antibodies, regardless of the condition of the endothelium. 
Further, we were unable to demonstrate binding of immunoglobulin from sera containing antiphospholipid 
antibodies to intact or damaged endothelium. However, the baseline concentration of 6-keto-prostaglandin 
F,, was nearly fourfold higher in sera containing antiphospholipid antibodies. The finding of elevated 
baseline serum concentrations of prostacyclin metabolite in patients with antiphospholipid antibodies 
suggests a condition of long-term stimulation or altered metabolism of prostacyclin. (AM J OBSTET GYNECOL 


1990;162:953-9.) 
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Antiphospholipid antibodies, including the lupus an- 
ticoagulant and anticardiolipin antibodies, have been 
associated with recurrent fetal loss, second-trimester 
fetal death, thrombosis, and thrombocytopenia.'* As a 
result of these clinical associations, the “antiphospho- 
lipid antibody syndrome” has recently been proposed.* 
However, the precise pathophysiologic mechanisms of 
these antibodies remain unclear. Altered arachidonic 
acid .metabolism,*’ diminished protein C activity," in- 
hibition of antithrombin III,’ and alteration of platelet- 
endothelium interactions” have been proposed on the 
basis of in vitro experiments using confluent monolay- 
ers of cultured endothelium or rat aortic rings. Other 
investigators, using endothelial monolayers and platelet 
suspensions, have been unable to confirm the role of 
prostanoids in the pathophysiologic features of anti- 
phospholipid antibodies.“ Given these conflicting data, 
we investigated the effect of sera with antiphospholipid 
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antibodies on prostacyclin synthesis by intact and dam- 
aged endothelial cell cultures. 

The release of the prostacyclin metabolite 6-keto- 
prostaglandin F,, (6-keto-PGF,,) from confluent mono- 
layers of endothelial cells in the presence of sera con- 
taining antiphospholipid antibodies was determined. 
Further, since oxidant-mediated damage to endothe- 
lium may play a role in activating platelets and en- 
hancing thrombotic tendencies,'? we damaged cultured 
cells with low concentrations of hydrogen peroxide and 
measured the biosynthesis of the prostacyclin metab- 
olite. Since mechanical damage of endothelium may 
initiate and promulgate thrombosis of major vessels 
in vivo, endothelial cells also were mechanically dis- 
rupted and the production of 6-keto-PGF,, deter- 
mined. Additionally, we evaluated the responses of sub- 
confluent endothelial cells, since they are metabolically 
more active than confluent cells.’ Finally, experiments 
were performed to determine if antiphospholipid an- 
tibodies bind to endothelial cells in culture. 


Methods 

Endothelial cell cultures. Endothelial cells were har- 
vested from human umbilical veins and maintained in 
culture by the method of Jaffe." Briefly, fresh human 
umbilical cords were obtained and the vein was can- 
nulated and rinsed with cord buffer (0.15 mol/L so- 
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dium chloride, 0.004 mol/L potassium chloride, 0.01 
mol/L glucose, 0.0008 mol/L sodium phosphate, and 
0.0002 mol/L sodium diphosphate, pH 7.35). Colla- 
genase (Sigma Chemical Co., St. Louis) was diluted in 
cord buffer to a concentration of 1000 units/ml and 
filter sterilized. A quantity sufficient to fill the cord 
specimen was injected and allowed to incubate 10 min- 
utes at 37° C. The cells were then isolated and colla- 
genase was inactivated with modified medium 199 con- 
taining 20% normal human serum. These cells were 
plated on gelatin-coated 24-well plates (16 mm diam- 
eter) and maintained in modified medium 199 with 
20% pooled normal human serum containing penicillin 
(100 units/L), streptomycin (100 units/ml), and am- 
photericin B (0.25 pg/L). 

Sample sera. Serum was obtained from 14 nonpreg- 
nant women with a well-characterized lupus anticoag- 
ulant diagnosed as previously reported.’ Sera from all 
patients were moderately or strongly positive for an- 
ticardiolipin antibodies, and each patient had a history 
of fetal loss or thrombosis or both. To remove drugs 
that might affect assay results, these samples were di- 
alyzed with a membrane having a molecular weight 
cutoff of 12 to 14 kd against 3 to 4 L of phosphate- 
buffered saline solution for 24 hours before storage at 
~ 20° C. Control sera were obtained from eight normal 
control patients with no evidence of antiphospholipid 
antibodies by history or laboratory parameters. These 
samples were also dialyzed. In addition, sera from 
one patient with lupus anticoagulant and one con- 
trol subject were purified into monomeric immuno- 
globulin G with a diethylaminoethy] affinity chroma- 
tography column followed by a Sephacryl 300 sizing 
column. 

Prostaglandin production from untreated confluent 
endothelial cell monolayers. Confluent monolayers of 
endothelial cells were incubated with a mixture of pa- 
tient’s serum and serum-free modified medium 199 to 
make final serum dilutions of 100%, 50%, 25%, and 
12.5% in 1 ml. In separate experiments the cells were 
incubated at 37° C for 30 minutes and 24 hours. Neg- 
ative and positive contro] wells included addition of 
acetylsalicylic acid (1 mmol/L, Sigma) and thrombin (1 
unit, Sigma) in serum-free modified medium 199 to 
confirm appropriate responsiveness of the endothelial 
cells.’* © Thrombin was used to stimulate prostaglandin 
production since in our hands endogenous prostaglan- 
din production by quiescent endothelial cells was min- 
imal. Furthermore, thrombin stimulation of endothe- 
lium is an important in vivo mechanism for endothelial 
prostacyclin generation." After incubation, all test wells 
were stimulated with 1 unit of thrombin for 10 minutes 
at 37° C. The supernatants were then aspirated and 
frozen until assayed for 6-keto-PGF,, (radioimmuno- 
assay kit, Advanced Magnetics, Cambridge, Mass.). 
Thrombin-stimulated 6-keto-PGF,, production ranged 
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from 475 to 47,200 pg/ml, with a median of 9470 
pg/ml. In acetylsalicylic acid-treated wells, the con- 
centration of 6-keto-PGF,, ranged from 125 to 6606 
pg/ml and averaged 19% of the 6-keto-PGF,, stimu- 
lated in the thrombin controls. 

The endogenous concentration of 6-keto-PGF,, was 
determined for each dialyzed serum sample at each 
dilution. These values were subsequently subtracted 
from assay levels to produce corrected 6-keto-PGF,, 
levels. Our experience with cultured endothelial cells 
revealed marked variation in prostaglandin generation 
between different umbilical cords and thus different 
plates. To standardize the results from different plates, 
the 6-keto-PGF,, results for these two experiments are 
reported as a percentage of the thrombin-stimulated 
positive control wells for each individual plate accord- 
ing to the formula: 


Corrected 6-keto-PGF,,, production of 
test well (pg/ml) 
6-Keto-PGF,,. production 
of thrombin-stimulated wells (pg/ml) 





The average protein content per well was 65 + 2 pg 
(mean + SE; 48 samples). f 

Oxidant damage. Oxidant damage was induced by 
preincubation of cells with 5 mmol/L hydrogen per- 
oxide for 20 minutes. The cells remain viable yet are 
morphologically damaged." The cells were then rinsed 
and serum samples at 50% and 20% (diluted to 1 ml 
in modified medium 199) were applied to each well for 
30 minutes at 37° C. On the same plate, wells not treated 
with hydrogen peroxide were tested with the same se- 
rum dilutions. Duplicate control wells of 500 mmol/L 
acetylsalicylic acid and 5 mmol/L hydrogen peroxide 
were included. One unit of thrombin was then applied 
to each well for 10 minutes at 37° C. The supernatants 
were collected and frozen at — 20° C until assayed for 
6-keto-PGF,,. Results are reported as a percentage of 
the hydrogen peroxide—positive control wells for each 
individual plate according to the formula: 


Corrected 6-keto-PGF,, 
production for each well (pg/ml) 
6-Keto-PGF,, production 
in hydrogen peroxide control wells (pg/ml) 





Mechanical damage. Mechanical damage was in- 
flicted on confluent monolayers in 16 mm diameter 24- 
well culture plates by scraping the wells with a 2 mm 
Teflon plunger, such that approximately one third of 
the monolayer was disrupted and lost. Sera at dilutions 
of 50% and 20% (total volume of 1 ml in modified 
medium 199) were then applied. Control wells included 
500 mmol/L acetylsalicylic acid in undamaged wells 
and 1 unit of thrombin stimulation in damaged wells. 
After 30 minutes’ incubation at 37° C, one unit of 
thrombin was applied to each test well for 10 minutes 
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Table I. 6-Keto-PGF,, levels after serum treatment* 





Serum Control Patients with p 
Experiment (%) subjects aPLA Value 
30 min incubationt 100 1.36 + 0.26 1.39 + 0.22 0.877 
50 1.26 + 0.28 1.14 + 0.17 0.653 
25 1.32 + 0.24 0.98 + 0.17 0.185 
12.5 1.27 + 0.28 1.19 + 0.18 0.775 
24 hr incubationt 100 1.54 + 0.43 1.48 + 0.15 0.945 
: 50 1.62 + 0.44 1.03 + 0.10 0.295 
25 1.28 + 0.24 0.89 + 0.11 0.233 
12.5 1.23 + 0.28 1.03 + 0.09 0.633 





aPLA, Antiphospholipid antibody. 
*Values reported are corrected amounts of 6-keto-PGF,, per test well/6-keto-PGF,, in thrombin control well, mean + SE. 
{For 30-minute incubation there were 8 control subjects and 16 patients with antiphospholipid antibodies. For 24-hour incubation 


the respective numbers were 3 and 12. 


Table II. 6-Keto-PGF,, production after hydrogen peroxide treatment* 





Serum Control subjects Patients with p 
Experiment (%) (n = 6) aPLA (n = 14) Value 
No hydrogen peroxide 50 31.54 + 11.09 110.36 + 76.99 0.207 
20 51.54 + 24.14 76.30 + 17.77 0.397 
Hydrogen peroxide 50 2.3 + 1.47 8.47 + 2.49 0.051 
20 1.68 + 0.74 2.72 + 0.48 0.397 


aPLA, Antiphospholipid antibody. 


*Values reported are corrected anounts of 6-keto-PGF,, per test well/6-keto-PGF,, in hydrogen peroxide control wells, 


mean + SE. 


at 37° C. Test solutions were then aspirated and stored 
at — 20° C. These results are reported according to the 
formula: 


Corrected 6-keto-PGF,, production 
(pg/ml)/Total protein of each well 
6-Keto-PGF,, production (pg/ml)/ Averaged 
protein per positive contro] well 





Total protein determinations were used to standardize 
results since the mechanical damage inflicted is not re- 
producible between wells. 

Subconfluent endothelial cell monolayers. Subcon- 
fluent monolayers of endothelial cells were obtained by 
seeding 24-well plates at a lower cellular density during 
primary culture. After the cells were rinsed twice, sam- 
ple sera were applied as described previously for 30 
minutes’ incubation at 50% and 20% dilutions in serum- 
free modified medium 199 (total volume 1 ml). Neg- 
ative and positive control cells were incubated with ace- 
tylsalicylic acid (500 mmol/L) and thrombin stimulation 
(1 unit) in duplicate. After 1 unit thrombin stimulation 
for 10 minutes, supernatants were collected and stored 
at —20° C. Results are reported according to the 
formula: 


Corrected 6-keto-PGF,, — 
production/Total protein each well 
6-Keto-PGF,, production/ Averaged 
protein per thrombin-stimulated well 





Binding experiments. Endothelial cells were cul- 
tured in 96-well plates (1.0 x 0.6 cm), and after 
reaching confluence, one half of the wells were dam- 
aged with 5 mmol/L hydrogen peroxide for 20 min- 
utes. Serum dilutions of 100%, 50%, 25%, 12.5%, 
and 2% in modified medium 199 were applied to 
damaged and undamaged wells for 2 hours. Control 
wells with no serum were included, and all outside wells 
were developed for a zero optical density control. The 
cells were gently rinsed, and peroxidase-conjugated 
affinity-purified goat antihuman IgG (Cappel, Orga- 
non Teknika Corp., West Chester, Pa.) at a 1:500- 
dilution was applied for 2 hours. After three rinses 
with phosphate-buffered saline, the plates were de- 
veloped with 2,2'-azino-bis(3-ethylbenz-thiazoline-6- 
sulfonic acid) (Sigma) in hydrogen peroxide (3%, 
vol./vol.) in citrate buffer for 20 minutes. The reaction 
was stopped with sodium fluoride (2.5%, wt./vol.) and 
optical density was determined with a Titertek (Flow 
Laboratories, McLean, Va.) at 405 nm. 

In a separate experiment confluent endothelial cell 
monolayers grown in 6-well 35 mm diameter plates 
were scraped with a 2 mm Teflon-coated plunger, dis- 
rupting approximately one third of the cells. Four 
hours later, 50% serum dilutions from one patient with 
antiphospholipid antibodies and one control subject 
were applied to separate wells. Concomitantly, hydro- 
gen peroxide at a 5 mmol/L concentration was applied 
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Table IIL. Effect of trauma on 6-keto-PGF,, 
production* 


















Patients with 
aPLA 
(n = 14) 


Control 
subjects 
(n = 6) 





p 
Value 





0.84 + 0.09 0.312 
0.61 + 0.08 0.444 


50 0.62 + 0.12 
20 0.49 + 0.09 





aPLA, Antiphospholipid antibody. 

*Values expressed are corrected 6-keto-PGF,,/total pro- 
tein in each well (ug) and 6-keto-PGF,, in thrombin control 
wells/total protein in each well (ug), mean + SE. 


Table IV. 6-Keto-PGF,, production in 
subconfluent endothelial cell monolayers* 














Sera with 
aPLA 
(n = 14) 





Control sera 


(n = 6) 





4.24 + 0.56 0.062 
3.92 + 0.78 0.894 


50 7.78 + 6.18 
20 3.94 + 1.23 


aPLA, Antiphospholipid antibody. 


*Values expressed are 6-keto-PGF,, production/total pro- 
tein in each well (wg) and 6-keto-PGF,, in thrombin control 
wells/total protein in each well (ug), mean + SE. 


to different wells for 20 minutes and the same serum 
was applied. After incubating the sera for 2 hours at 
37° C, a 1:200 dilution of fluorescein-labeled antihu- 


man IgG (heavy chain-specific, Cappel, Organon Tek- , 


nika Corp.) was overlayed and incubated for 30 minutes 
at 37° C. The cells were gently rinsed with phosphate- 
buffered saline solution and then examined on an in- 
verted fluorescent microscope for activity indicative of 
binding. pons 

‘Protein determinations. Total protein was deter- 
mined according to the method of Lowry et al.” 

Statistics. Rank sum values were used to compare 
groups. The p values are as listed. _ 


Results 


There was no difference in generation of 6-keto- 
PGF, from confluent endothelial cells when treated 
with sera from patients with antiphospholipid antibod- 
ies and those without antiphospholipid antibodies at 30 

-minutes’ or 24 hours’ incubation after thrombin stim- 
ulation (Table I). Purified IgG fractions did not signif- 
icantly inhibit or enhance the generation of 6-keto- 
PGF. (purified serum containing antiphospholipid an- 
tibodies, 6-keto-PGF,,, test well/6-keto-PGF;,,,, thrombin 
well = 1.69; control purified serum, 6-keto-PGF,, test 
well/6-keto PGF,, thrombin well = 0.56). 

Oxidant damage with hydrogen peroxide resulted in 
no difference in cellular prostacyclin production when 
treated with sera from patients with and without an- 
tiphospholipid antibodies (Table II). Indeed, our stud- 
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ies show diminished prostacyclin production in both 
groups with this treatment, accounting for the higher 
values in the untreated cells. Mechanical damage to 
endothelial cell cultures incubated with sera from the 
two groups of patients also resulted in no difference in 
6-keto-PGF,, production (Table III). Finally, subcon- 
fluent monolayers of endothelial cells incubated with 
sera from patients with and without antiphospholipid 
antibodies had similar rates of prostacyclin production 
(Table IV). 

Endogenous concentrations of 6-keto-PGF,, were 
significantly different between the two groups; the 
group with antiphospholipid antibodies had almost 
fourfold greater levels of the prostacyclin metabo- 
lite (1947 + 253 vs. 507 + 331 pg/ml, mean + SE, 
p = 0.004). 

Antibody from the sera of patients with lupus anti- 
coagulant did not bind significantly to endothelium in 
the fluorescent antibody—labeling experiments (Fig. 1). 
Damage by either oxidation or mechanical disruption 
did not result in detectable antibody binding to cultured 
endothelium. Additionally, there was no detectable 
binding in the enzyme-linked immunosorbent assay ex- 
periments (data not shown). 


Comment 


Some investigators have suggested that thrombosis 
occurs in patients with antiphospholipid antibodies be- 
cause these antibodies inhibit prostacyclin generation, 
resulting in enhanced platelet aggregation and throm- 
bosis.®: ° Our results indicate that antiphospholipid an- 
tibodies have no effect on the generation of prostacyclin 
from human umbilical venous endothelial cells under 
a variety of experimental conditions. We attempted to 
mimic thrombogenic circumstances that theoretically 
simulate types of endothelial damage that predispose 
to thrombosis. To our knowledge, all previous exper- 
iments reported concerning the possible association of 


- antiphospholipid antibodies and inhibition of prosta- 


cyclin have used intact, confluent endothelium in aortic 


` rings or monolayer culture. 


Confluent endothelium would not be expected to 
contribute to thrombosis, and prostacyclin generation 
with confluent endothelium is not altered by the pres- 
ence of serum or purified IgG fractions from patients 
with antiphospholipid antibodies. However, damaged 
endothelium is a major stimulus to the thrombotic cas- 
cade. In our in vitro test system, oxidant or mechan- 
ically damaged endothelium in the presence of anti- 
phospholipid antibodies does not alter prostacyclin 
generation, suggesting that these antibodies do not act 
at the level of the endothelium via prostaglandin 
generation. As further substantiation of this theory, 
we could not demonstrate the binding of antiphospho- 
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Fig. 1. Fluorescein-labeled antihuman IgG staining of mechanically traumatized endothelial cells 
treated with serum with and without antiphospholipid antibodies. There is no difference in staining 
characteristics between cells treated with control serum (A) and serum with antiphospholipid anti- 


bodies (B). 


lipid antibody to intact or damaged endothelium by 
fluorescent antibody counterstaining techniques and 
enzyme-linked immunosorbent assay. Our data there- 
fore indicate that human umbilical vein endothelial cell 
cultures alone may not be an appropriate model for 
the study of the pathophysiologic features of ant- 
phospholipid antibodies. 

If antiphospholipid antibodies do not interfere with 
prostacyclin production by endothelium, then how do 
they predispose to thrombosis? One group" has found 
that these antibodies bind to platelet phospholipids ex- 
posed during activation. The precise pathophysiologic 
mechanism is unclear but may involve a paradoxic ac- 
tivation of platelets that alters platelet-endothelium in- 





teractions in such a way as to promulgate platelet ag- 
gregation and thrombosis. This mechanism would also 
account for the thrombocytopenia found in some pa- 
tients with antiphospholipid antibodies. Since we can- 
not detect an interaction between antiphospholipid an- 
tibodies and endothelium, future efforts should be di- 
rected at investigating activated platelet interactions 
with confluent and damaged endothelium. 

The finding of increased 6-keto-PGF,,, in the sera. of 
patients with antiphospholipid antibodies may have in- 
triguing implications. Although ‘the value of isolated 
prostaglandin measurements is uncertain, the sera 
from these patients may have some as yet uncharac 
terized substance or cofactor that binds prostacyclin 
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and/or its metabolites, thus preventing the loss of pros- 
taglandin during dialysis. This finding also suggests 
that these patients may have altered prostacyclin me- 
tabolism or a state of long-term prostacyclin generation. 
Confirmatory experiments, however, require the assay 
of prostacyclin metabolites in appropriately collected 
and extracted plasma. 

In conclusion, our data indicate that intact and dam- 
aged endothelial cell cultures do not bind antiphos- 
pholipid antibody. Prostaglandin biosynthesis by en- 
dothelial cells is not altered in the presence of sera 
containing antiphospholipid antibodies. Hence these 
cultures alone are not an appropriate system for the 
study of these antibodies. Investigations using other 
models hold more promise in elucidating the patho- 
physiologic characteristics of the antiphospholipid an- 
tibody syndrome. 


We thank Sam Edwin for his technical expertise and 
Dr. M. Park for statistical advice. 
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Discussion 

Dr. ALAN H. DeCHERNEY, New Haven, Connecticut. 
Antiphospholipid antibodies may be associated with re- 
current pregnancy loss and thrombosis by binding to 
vascular tissue cell membranes and inhibiting prosta- 
cyclin production. In this study endothelial cell cultures 
of human umbilical vein were established. These 
treated cell cultures were evaluated for the prostacyclin 
metabolite 6-keto-PGF,,. 

Prostacyclin production was not impaired by anti- 
phospholipid antibody sera in any cell culture prepa- 
ration. Binding of antiphospholipid antibodies to intact 
or damaged endothelium was not seen. The baseline 
concentrations of the prostacyclin metabolite 6-keto- 
PGF,, were approximately four times higher in sera 
containing antiphospholipid antibody. 

The conclusion of this study therefore was that sera 
containing antiphospholipid antibodies do not bind to 
or inhibit prostacyclin production by cultured endo- 
thelial cells; the finding of an increased baseline pros- 
tacyclin metabolite production suggests a condition 
of long-term stimulation or altered prostacyclin me- 
tabolism. 

Lupus anticoagulant and other antiphospholipid an- 
tibodies are IgM or IgG that react with certain cell 
membrane phospholipids.’ 

Various mechanisms have been proposed to explain 
the increased incidence of thrombosis and recurrent 
spontaneous abortion in patients with antiphospholipid 
antibodies; this study evaluates one of these hypotheses. 
Plasma containing lupus anticoagulant decreases pros- 
tacyclin production by the vascular endothelium. Pros- 
tacyclin is produced by prostaglandin precursors within 
the intima; it is a powerful vasodilator and it inhibits 
aggregation of platelets. Thromboxane, a cyclooxygen- 
ase product produced by the platelets, is antagonistic 
to prostacyclin, principally promoting vasoconstriction 
and platelet aggregation. Under usual conditions an 
equilibrium exists between prostacyclin and thrombox- 
ane, thus securing vascular patency and prevention of 
thrombosis. Prostacyclin production by blood vessel en- 
dothelia has an important vascular-protective and an- 
ticlotting effect; the inhibition of prostacyclin produc- 
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tion. by plasma containing lupus anticoagulant creates - 


a thromboxane predominance, thus enhancing throm- 
bosis and vasoconstriction.’ 


A recent study by Branch et al. (Branch DW, Dudley ` 


DJ, Daynes R, et al. Unpublished observations) dem- 


onstrated that antiphospholipid antibodies can cause. 
fetal death. IgG from nonpregnant women with anti-- 


phospholipid antibodies and a history of recurrent fetal 
loss was purified. In that study the IgG extract was then: 


injected intraperitoneally into normal pregnant mice. - 


None of the 10 IgG-injected mice had live-born fetuses, 
.whereas 10 control mice had 6 fetal resorptions and 73 
normal. fetuses (p < 0.001), This study demonstrates 
that fetal death may be secondary to antibodies asso- 


ciated with anticardiolipin activity. In the study pre-: 


sented today the University of Utah group not only 
suggests a different experiment model but also helps 
to define the mechanism by which antiphospholipid 
antibodies cause recurrent pregnancy loss and throm- 
bosis. The Methods section of the paper states that 
primary cell cultures of human umbilical veins were 
established. Presumably these cell cultures were grown 
from umbilical veins.taken from normal gestations. It 
would have been interesting to perform these same 


experiments with pathologic vascular endothelia from. 
the umbilical veins of patients variously affected by an- 


tiphospholipid antibodies. For example, it may be that 
binding of antiphospholipid antibodies to vascular en- 
dothelial cells is a stepwise process that is not approx- 
imated by in vitro conditions such as mechanical cell 
membrane damage. The concern is that the cellular. 
damage in this particular model may not have exposed 
"appropriate antigenic determinants for antiphospho- 
lipid antibodies. 

In both study patients and control subjects the sera 
also could have included determination of thrombox- 
ane Bz, the metabolite of thromboxane, to better de- 
termine and define the balance between prostacyclin 


and thromboxane. This may also help answer the ques- - 


tion of long-term stimulation versus, altered prostacy- 
clin metabolism in the study population. 
Perhaps of greatest interest in this article is the fact 


that sera with and without antiphospholipid antibody 
differ greatly in their respective concentrations of the `. 
prostacyclin metabolite 6-keto-PGF,,. In this relatively’. - 
small group of patients with moderate to high levels of - 
antiphospholipid’ antibodies, there was clear demar-| 


cation from control sera. Evaluation of serum throm- 
boxane or its metabolite would, of course, make such 
a study even more complete. Since Dr. Dudley has 
indirectly challenged the current hypothesis as to 
the pathogenesis of this entity, perhaps he would like 
to speculate on an alternative one. This was.a well- 


executed and productive study that further helps to ` l 


define an important clinical entity that is emerging on 
the horizon. 
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Dr. James R. Scott, Salt Lake City, Utah. This is 
one in a series of investigations in our laboratory over 
the past few years that continue to elucidate the patho- 
physiologic features of antiphospholipid antibodies. 


‘Some of the issues that Dr. DeCherney raised have 


already been addressed (not all are published); some 
are being studied, but I will let Dr. Dudley comment 
on these. 

Dr. Duprey (Closing). Thank you, Dr. DeCherney, 


. for your thoughtful review and comments. We would 


very much like to evaluate the endothelium from um- 


_ bilical cords of. pregnancies complicated by the anti- 


phospholipid antibody syndrome. However, our prob- 
lem is one of availability and technique. First, patients 
with antiphospholipid antibodies are relatively rare, al- 
though more people are being identified as having the 


` syndrome since it has been characterized by Nigel Har- 


ris. Further, pregnant women with antiphospholipid 
antibodies often are delivered prematurely because of 
early onset preeclampsia or severe intrauterine growth 
retardation.. Our current therapies help to prevent 
second-trimester fetal loss but are not so efficient at 
preventing these other serious problems. Therefore 
not only is there a problem of availability, there also is 
the problem of obtaining adequate cell yields from um- 
bilical cords of premature and small-for-gestational-age 
pregnancies. Endothelial cells are somewhat fastidious, 


- and we may not be able to acquire and grow enough 


cellular monolayers for the experimental conditions we 


` would like to test. We will attempt to culture these cells 
__as the patients become available. 


We investigated the possibility of determining throm- 
boxane levels in the supernatants of the various 
conditions, but we found that any serum in the super- 
natants significantly interfered with our assay. To ac- 
curately determine thromboxane levels, expensive, 
time-consuming, and difficult stripping maneuvers are 
required. , 

Although we do not believe that endothelial cell pros- 
taglandin production is altered by antiphospholipid an- 
tibodies, we are investigating other exciting possibilities 
that may explain the pathophysiologic features of the 
antiphospholipid antibody syndrome. As stated in the 


_ article, we wonder if there is a prostacyclin metabolite— 


binding substance that may disturb the intravascular 
prostaglandin balance, in some manner predisposing 
to thrombosis. We are also investigating the possibility 


` „that endothelins may play a role. Last, preliminary stud- 


ies of the histopathologic characteristics of decidua ob- 
tained from mice undergoing abortion after injection 
with affinity-purified human antiphospholipid anti- 
body suggest that fibrin is generated in large amounts. 
Extrapolating from these studies, we wonder if exces- 
sive platelet-activating factor activity is involved in the 
pathogenesis of thrombosis, causing excessive platelet 
activation and fibrin generation, Thus we are in the 
early stages of investigating this possibility. 


A comparison of no medication versus methyldopa or labetalol 
in chronic hypertension during pregnancy | 


Baha M. Sibai, MD, William C. Mabie, MD, Falah Shamsa, PhD, Marco A. Villar, MD, and 


Garland D. Anderson, MD 


Memphis, Tennessee 


Three hundred women with mild chronic hypertension at 6 to 13 weeks’ gestation were randomly allocated 
to receive either methyldopa or labetalol or be in the control group. Thirty-seven women (12%) were 
excluded for various reasons. Of the remaining 263 patients, 90 received no drug, 87 received 
methyldopa, and 86 received labetalol. All 263 were followed throughout pregnancy with serial renal 
function tests and serial assessment of fetal status. There were no differences among the three groups in 
mean systolic or diastolic blood pressures, mean gestational age, or initial laboratory findings at time of 
entry. Patients treated with medications had significantly lower (p < 0.0001) systolic and diastolic blood 
pressures throughout gestation compared with the no-medication group. Among the control group there 
was a spontaneously significant lowering (p < 0.0001) of both systolic and diastolic blood pressures at 14 
to 26 weeks’ gestation. However, there were no differences among the three groups regarding the 
incidences of either superimposed preeclampsia (15.6%, 18.4%, and 16.3%, respectively), abruptio 
placentae (2.2%, 1.1%, and 2.3%, respectively), or preterm delivery (10%, 12.5%, and 11.6%, 
respectively). In addition, there were no differences among the groups regarding gestational age at 
delivery, birth weight, incidence of fetal growth retardation, or neonatal head circumference. There was 
one midtrimester loss in the methyldopa group and one stillbirth in each of the other groups. We conclude 
that treatment of maternal blood pressure in mild chronic hypertension during pregnancy did not improve 


perinatal outcome. (Am J Osster GYNECOL 1990;162:960-7.) 


Key words: Mild hypertension, pregnancy, methyldopa, labetalol 


Pregnancies concurrent with chronic hypertension 
are associated with increased perinatal death and mor- 
bidity (increased incidence of infants with low birth 
weight). ? Most of these perinatal risks are related to 
decreased uteroplacental blood flow. In addition, these 
pregnancies are associated with a high incidence of su- 
perimposed preeclampsia and abruptio placentae.” ° 
These morbidity and mortality rates may be reduced 
with proper obstetric and neonatal management. How- 
ever, the ideal management of these pregnancies is con- 
troversial, especially in regard to antihypertensive med- 
ication. 

Numerous clinical studies (controlled and uncon- 
trolled) described fetal-neonatal benefits from treating 
mild to moderate hypertension during pregnancy.*° 
However, it is almost impossible to evaluate or com- 
pare the results of these studies because of differ- 
ences in the technique of measuring blood pressure and 
the initial blood pressure level at the time therapy is 
started. In addition, both the populations studied and 
the duration of antihypertensive therapy are highly 
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variable. American investigators usually use strict cri- 
teria for the diagnosis of chronic hypertension. In 
contrast, European and Australian investigators tend 
to include a heterogenous group of patients with 
essential hypertension, pregnancy-induced hyperten- 
sion, or chronic hypertension with superimposed pre- 
eclampsia. Furthermore, most patients in these studies 
were ascertained only at or beyond 20 weeks’ gestation. 
Thus there are actually minimal data describing the 
effects of antihypertensive therapy on patients seen 
during the first trimester. i 

Methyldopa is presently the most commonly used 
drug to treat hypertension during pregnancy. How- 
ever, newer antihypertensive agents may have potential 
advantages compared with methyldopa. Labetalol is a 
nonselective B-blocker with some a-blocking effects. It 
decreases systemic vascular resistance, with little or 
no change in cardiac output. This drug appears to 
be promising considering the favorable pregnancy 
outcome associated with its use in hypertensive preg- 
nancies. +™ !? 

The aims of this randomized clinical trial were (1) to 
compare maternal and perinatal outcome in pregnant 
patients with mild chronic hypertension receiving no 
medications with those treated with either methyldopa 
or labetalol and (2) to test the hypothesis that antihy- 
pertensive therapy for mild chronic hypertension early 
in pregnancy improves pregnancy outcome. 
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Table I. Clinical characteristics of study groups 
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Characteristic 
Maternal age (yr)* 29.0 + 0.6 
Duration of hyperten-. 4.8 + 0.4 
sion (yr)t 
Gestational age at entry 11.3 + 0.2 
(wk) ; ' 
Systolic blood pressure 141 + 0.8 
at entry (mm Hg) 
Diastolic blood pressure 92 + 0.6 


at entry (mm Hg) 


Data are mean + SEM: 
*p < 0.04 for methyldopa versus the other groups. 
tp < 0.02 for labetalol versus the other groups. 


Table II. Renal function test results (mean + SEM) 


Creatinine (mg/dl) 


arpa = 88) 


Labetalol (n = 86) 


30.9 £.0.7 28.9 + 0.7 
4.7 + 0.3 3.8 + 0.3 
112 +02 11.2 +02 
-© 139 + 0.9 139 + 0.8 
9] + 0.7 91 + 0.6 
Labetalal 
0.74 + 0.01 0.77 + 0.02 
0.75 + 0.01 0.75 + 0.02 
139 £ 4.1 127 + 5.1 
130 + 3.7 132 + 4.0 
3.7 + 0.05 ; 3.9 + 0.08 
4.5 + 0.05+ 4.9 + 0.08} 





At entry 0.72 + 0.01 
At delivery 0.77 + 0.01 
Clearance (ml/min) 
At entry* 137 + 5.2 
At delivery 132 + 5.1 
Uric acid (mg/dl) 
At entry 3.8 + 0.06 
At delivery 4.7 + 0.06 
Data are mean + SEM. 
*p < 0.05 
tp < 0.001. 


Material and methods 

The study population included 300 women with mild 
to moderate chronic hypertension ascertained at 6 to 
13 weeks’ gestation at the E..H. Crump Women’s Hos- 


pital during a 4-year period. All 300 women had a . 
history of chronic hypertension before pregnancy. Most — 


patients (91%) had received antihypertensive medica- 
tions before the pregnancy and 109 were still taking 


the agents at the time of their first prenatal visit. Fifty ` 


of these patients had been receiving diuretics, 27 
methyldopa, 8 diuretics and methyldopa, 15 various 
B-blockers, and 9 other antihypertensive drugs. 

All patients were seen in the first trimester and were 
hospitalized at the time of the initial prenatal visit. In 
all cases blood pressure was taken while the patient was 
in the sitting position; the first and fourth sounds of 


Korotkoff were used to determine systolic and diastolic | 


blood pressure, respectively. Patients with associated 
medical complications (other than chronic hyperten- 
sion) were excluded. 

Eligible patients were allocated doni to one of 
three groups based on a computer-generated list of 
random numbers such that each patient would have 
an ‘equal chance of receiving any given management 
plan. The random allocation allowed patients who 
were already taking antihypertensive medication to be 
changed to a new type of management. Patients in one 


group were managed without medications, whereas 
the other groups received either methyldopa or labet- 


alol. The objective of treatment in patients receiving 


antihypertensive medications was to keep systolic 
blood pressure below 140 mm Hg and the diastolic 
blood pressure below 90 mm Hg. To achieve the 
desired blood pressure levels, methyldopa was begun 
at 750 mg/day and increased as needed to a maxi- 
mum of 4 gm/day, whereas labetalol was started at 
300 mg/day and increased to a maximum of 2400 


` mg/day. If maximum doses of either medication were 
‘not adequate to control blood pressure, hydralazine was 


added to a maximum oral dose of 300 mg/day. Patients 
assigned to the control group who had severe hyper- 
tension (systolic pressure > 160 mm Hg or diastolic 
pressure > 110 mm Hg) were treated with methyl- 
dopa to keep blood pressure below the above-stated 
levels. For analysis, these patients remained in the no- 
treatment group. 

Blood pressure was monitored closely throughout 
the pregnancy. Measurements of systolic and diastolic 
pressures were then pooled to determine the mean 
blood pressure for each patient at 6 to 13 weeks’ (initial 


‘entry), 14 to 26 weeks’, 27 to 29 weeks’, 30 to 32 weeks’, 


33 to 36 weeks’, and 37 to 41 weeks’ gestation. Super- 
imposed preeclampsia was diagnosed on the basis of 
proteinuria (at least 1 gm/24 hr) or elevated uric acid 
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Fig. 1. Systolic blood pressure (Bp) changes throughout ges- 
tation. Results are expressed as mean + SEM. *p < 0.001 by 
analysis of variance for repeated measurements among the 
three groups at the respective gestational age periods. 


levels (6 mg/dl) during the second half of pregnancy. 

Maternal laboratory studies included serial measure- 
ments of hematocrit, serum creatinine, uric acid, en- 
dogenous creatinine clearance, and 24-hour urinary 
excretion of protein. Antepartum fetal surveillance in- 
cluded serial ultrasonograms and antepartum fetal 
heart rate tests as described previously.' All clinical de- 
cisions regarding management and tiniing of delivery 
were left to the attending faculty and house staff. 

Outcome variables included changes in renal func- 
tion test results, adequacy of blood pressure control, 
necessity for additional antihypertensive drugs, aver- 
age days of antepartum maternal hospitalization, and 
incidences of superimposed preeclampsia and abruptio 
placentae. Perinatal outcomes included gestational age 
at delivery, birth weight, incidence of preterm delivery, 
incidence of fetal growth retardation, proportion of 
infants admitted to the special-care neonatal unit, and 
neonatal outcome. 

Data analysis. Serial changes in blood pressures 
among the groups and within each treatment group 
were first analyzed by analysis of variance for repeated 
measurements followed by Fisher’s least square signif- 
icant difference testing and Bonferroni tests. We next 
combined the two drug groups (methyldopa and la- 
betalol) into a single treatment group and compared 
this combined group with the control group. A similar 
analysis was then performed to compare changes in 
blood pressures at various stages of gestation between 
treated and not-treated groups. One-way analysis of 
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Fig. 2. Diastolic blood pressure (Bp) changes throughout ges- 
tation. Results are expressed as mean + SEM. *p < 0.001 by 
analysis of variance for repeated measurements among the 
three groups at the respective gestational age periods. 


variance was used to evaluate clinical characteristics and 
pregnancy outcome among the three groups. A x’ anal- 
ysis was used to evaluate the assumption of equal pro- 
portions of various clinical and outcome variables 
among the three groups. A p value <0.05 was consid- 
ered significant. 


Results 


Of the original 300 patients, 37 (10 in the control 
group, 13 in the methyldopa group, and 14 assigned 


` to labetalol) were excluded from analysis. The most 


common cause for exclusion was poor compliance (8 
in the control group, 10 in the methyldopa group, and 
11 in the labetalol group). None of the 29 patients who 
were excluded for poor compliance had any unusual 
features that made them different from the group as 
a whole, and all 29 pregnancies resulted in live infants. 
One other patient in the control group had a sponta- 
neous abortion at 9 weeks’ gestation within a few days 
of enrollment, and another was excluded because of 
twin gestation. One patient in the methyldopa group 
had a spontaneous abortion at 10 weeks’ gestation 
within a few days of enrollment, one was excluded be- 
cause of twin gestation, and one left the city. Two pa- 
tients in the labetalol group were excluded because of 
twin gestation and the other patient was lost to follow- 
up. The remainder of our analysis will focus on the 
263 patients who completed the protocol. 

Table I summarizes the clinical characteristics in the 
study groups. There were no statistical differences 
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Fig. 3. Systolic blood pressure (Bp) changes in the control 
group versus the combined-drug groups. *p < 0.000) for 
overall systolic mean (weighted averages between the two 
groups (a vs b, p < 0.0001 by least-squares differences; b vs c, 
p < 0.003 by least-squares differences; b vs d, p < 0.0001 by 
least-squares differences. 


among the groups with respect to either gestational age 
or maternal blood pressures at time of entry into the 
study. However, patients in the methyldopa group had 
significantly higher maternal age (p < 0.04) and pa- 
tients in the labetalol group had significantly lower du- 
ration of maternal hypertension (p < 0.02) compared 
with the other groups. There were no differences 
among the three groups regarding maternal weight, 
height, or parity. 

Table II presents renal function test results on entry 
to the study and at delivery. There were no differences 
among the three treatment groups with respect to cre- 
atinine values. However, at time of entry the labetalol 
group had significantly lower (p < 0.05) creatinine 
clearance than the other two groups. In addition, at 
the time of delivery the labetalol group had significantly 
higher (p < 0.001) uric acid values compared with the 
methyldopa group. : 

One hundred four patients (34 in the control group, 
34 in the methyldopa group, and 36 in the labetalol 
group) were receiving antihypertensive medications at 
the time of entry into the study, and 159 (60%) were 
receiving no treatment. The mean (+SEM) systolic 
blood pressure in the group enrolled while receiving 
treatment was significantly lower than the respective 
blood pressures in patients enrolled while not re- 
ceiving treatment (136 + 0.7 vs. 143 + 1.0 mm Hg; 
p < 0.0001). Similarly, the respective diastolic blood 
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Fig. 4. Diastolic blood pressure (Bp) changes in the control 
group ‘versus the combined-drug groups. *p < 0.0001 for 
overall diastolic mean (weighted averages between the two 
groups (a vs b, p < 0.0001 by least-squares differences; b vs d, 
p < 0.001 by least-squares differences. 


pressures were significantly lower in the group en- 
rolled while receiving treatment (89 + 0.5 vs. 93 + 
0.4 mm Hg; p < 0.0001). 

Fig. 1 summarizes the average systolic blood pres- 
sures in the three groups at various stages of gestation. 
The groups had similar mean systolic blood pressures 
at time of entry into the study(p > 0.05). However, sys- 
tolic blood pressure was significantly lower in both drug 
groups compared with the control group. The overall 
weighted means of the drug groups and the control 
group were also significantly different (p < 0.0001). 

Fig. 2 shows significant lowering (p < 0.0001) of ma- 
ternal diastolic pressures at various stages of gestation 
in both drug groups compared with the control group. 

The two drug groups were then combined and data 
were reanalyzed to compare treatment to no treat- 
ment (Fig. 3). The overall systolic mean (weighted av- 
erages) in the treated group was significantly lower 
(128 + 0.5 vs. 136 + 0.7 mm Hg; p < 0.0001). Among 
the no-treatment group there was significant lowering 
(p < 0.0001) of systolic blood pressure by 14 to 26 
weeks’ gestation. Thereafter there were no differences 
between successive stages of gestation, except for a sig- 
nificant increase in systolic pressures at 33 to 36 weeks’ 
(p < 0.003) and at or beyond 37 weeks’ gestation 
(p < 0.0001). 

Fig. 4 shows the overall diastolic mean (weighted 
averages) in the treated group to be significantly 
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Table III. Pregnancy outcome 
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Methyldopa Labetalol 








Outcome 


Need for additional drugs 10 11 
Superimposed preeclampsia 14 15.6 
Abruptio placentae 2 2.2 
Cesarean delivery for fetal 29 32.2 
distress ‘ 4 4.4 








5 5.7 5 5.8 
16 18.4 14 16.3 
1 1.1 2 2.3 
31 35.2 30 34.9 
5.7 7 8.1 





Table IV. Perinatal complications 














Complication 


Preterm gestation <37 wk 9 10 
Small for gestational age 8 8.9 
<2500 gm 14 15.6 
Apgar score 
1 min <5 8 
5 min <7 4 4.4 
Perinatal deaths l 





lower than that in the no-treatment group (80 + 0.4 
vs. 85 + 0.5 mm Hg; p< 0.001). Again, in the no- 
treatment group there was a significant spontaneous 
lowering (p < 0.0001) of diastolic blood pressure by 14 
to 26 weeks’ gestation. Subsequently the diastolic pres- 
sure demonstrated a significant increase (p < 0.001) at 
or beyond 37 weeks’ gestation. 

Pregnancy outcome. Table III compares the preg- 
nancy outcome among the three groups. There were 
no differences regarding either the number of patients 

“receiving additional drugs or incidences of superim- 
posed preeclampsia, abruptio placentae, or cesarean 
delivery. To evaluate the effects of lowering maternal 
blood pressure on the incidences of both superimposed 
preeclampsia and abruptio placentae, the two drug 
groups (labetalol and methyldopa) were combined and 
then compared with the no-treatment group. There 
were no differences between patients treated with 
drugs and those not treated. In addition, among the 
patients in the control group there were no differences 
in incidences of either exacerbation of hypertension or 
preeclampsia between patients in whom antihyperten- 
sive drugs were discontinued at the time of entry and 
patients not receiving these drugs. l 

Two patients in the labetalol group had congestive 
heart failure. Both patients were morbidly obese, were 
more than 35 years old, and had pregnancies compli- 
cated by superimposed preeclampsia. In one case pul- 
monary edema developed at term, whereas in the other 
it developed at 31 weeks’ gestation. 

Ten patients (11%) of 90 in the control group re- 
quired antihypertensive medications (usually methyl- 
dopa) to control severe hypertension in the third 
trimester. Six of the 10 patients eventually had super- 
imposed preeclampsia. Ten patients (5.7%) of 173 in 


Labetalol 






ll 12.5 10 11.6 
6 6.8 7 8.1 
17 19.3 13 15.1 
5 5.7 9 10.4 
2 2.2 4 4.7 
1 1.1 1 1.2 


the combined-drugs group required an additional drug 
(usually hydralazine) to control severe hypertension. 
Seven of these patients eventually had superimposed 
preeclampsia. 

Table IV summarizes perinatal complications among 
the three groups. There were no differences regarding 
the incidences of either preterm delivery, infants small 
for gestational age, or low Apgar scores. There was one 
perinatal death in each of the groups; none was related 
to superimposed preeclampsia or abruptio placentae. 
One patient in the control group had a fetal death at 
33 weeks’ gestation; the male fetus weighed 1680 gm 
and placental examination revealed multiple infarcts 
with three knots of the umbilical cord. One patient in 
the methyldopa group had rupture of the membranes 
at 23 weeks’ gestation and precipitate labor, resulting 
in delivery of a 583 gm infant with poor Apgar scores 
(l and 1); the infant died a few hours after birth. The 
other perinatal death occurred at 39 weeks’ gestation 
in the labetalol group in a patient with good control of 
blood pressure. Antepartum evaluation at 38 weeks re- 
vealed a nonreactive nonstress test, which was followed 
by a negative contraction stress test. Ultrasonographic 
evaluation at that time revealed adequate amniotic 


‘fluid, but fetal death occurred 6 days later with delivery 


of a 2270 gm fetus. Placental examination demon- 
strated no abnormalities, but autopsy was not per- 
formed. 

Table V summarizes the perinatal outcome among 
the groups. There were no differences in gestational 
age at delivery, fetal or placental weights, or neonatal 
outcome. None of the infants had major congenital 
anomalies. No bradycardia or hypotension was seen in 
the labetalol-exposed infants. Hypoglycemia was ob- 
served in two infants in the labetalol group, two infants 
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Table V. Perinatal outcome 
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Outcome None (n = 90)* 
Gestational age (wk) 39.0 + 0.2 
Birth weight (gm) 3123 + 69 
Placental weight (gm) 723 + 23 
Apgar score (1 min) 7.4 + 0.2 
Apgar score (5 min) 8.5 + 0.2 
Head circumference (cm) 34.9 + 0.1 
Length (cm) 51 + 0.3 





Methyldopa (n = 87)* Labetalol (n = 86)* 


38.6 = 0.2 38.7 + 0.2 
3051 + 73 3068 + 71 
716 + 33 755 + 69 
78 + 0.2 73 = 0.2 
8.8 + 0.1 8.4 + 0.2 
34.8 + 0.1 35.0 + 0.2 
51 +03 51 + 0.3 





Data are mean + SEM. 


*No differences for any of the categories studied by one-way analysis of variance. 


in the methyldopa group, and one infant in the control 
group. 


Comment 


This study is the largest prospective, randomized trial 
comparing the use of no medication to the use of either 
methyldopa or labetalol in the management of mild to 
moderate chronic hypertension during pregnancy. All 
patients had documented evidence of chronic hyper- 
tension (average duration, 4.3 years), and all were en- 
rolled very early in pregnancy (average gestational age 
at enrollment, 11.1 weeks). In contrast, most patients 
included in previous trials were enrolled either late in 
the second trimester or early in the third trimester. 
Thus the average duration of treatment (27.5 weeks) 
with antihypertensive medications in this study is sig- 
nificantly higher than the average duration of treat- 
ment in ‘previous reports.*’° 

We found that both methyldopa and labetalol are 
effective in controlling maternal hypertension during 
pregnancy. However, such artificial reduction in ma- 
ternal blood pressure was not associated with a con- 
comitant improved perinatal outcome when compared 
with women receiving no treatment. Incidences of pre- 
term births, infants small for gestational age, and low 
Apgar scores were relatively small and similar among 
the three groups. In addition, the three groups had 
similar gestational ages at time of delivery and similar 
birth weights. All these findings are in disagreement 
with those of other reports.*’ i 

Our findings further reveal that untreated chronic 
hypertension is not associated with increased mid- 
trimester pregnancy loss. There were three perinatal 
deaths among the 300 pregnancies we studied. The 
only death in the no-treatment group was the result of 
a cord accident and unrelated to maternal hyperten- 
sion. The other deaths were in the treatment groups 
(one of them was a midtrimester loss in the methyldopa 
group). Again, our findings are in disagreement with 
those of other reports.* 5 "° 

We also found that the use of antihypertensive drugs 
does not decrease the incidence of superimposed pre- 
eclampsia and does not prevent the development of 
abruptio placentae. Therefore, in pregnancies compli- 
cated by mild chronic hypertension, factors other than 


increased blood pressure per se must be responsible 
for the development of these complications in such 
pregnancies. In addition, among the patients in the no- 
treatment group there were no differences in inci- 
dences of either exacerbation of hypertension or pre- 
eclampsia between patients in whom antihypertensive 
drugs were discontinued at time of entry and patients 
not receiving these drugs. 

Management of patients with chronic hypertension 
during pregnancy is highly controversial. Recent sur- 
veys on the management of such pregnancies from var- 
ious countries'*'” suggest considerable disagreement 
regarding the level of blood pressure to be achieved 
with such therapy. These differences are concerned 
with the relationship between the arterial perfusion 
pressure and uteroplacental blood flow. 

In general, most clinical trials in treating hyperten- 
sion during pregnancy have compared methyldopa 
with either no medication or with ®-blockers. In four 
independent controlled trials,” methyldopa was com- 
pared with no medication. Two trials*’ showed no im- 
provement. However, the incidence of superimposed 
preeclampsia was not influenced by the use of meth- 
yldopa. Two of these trials*’ demonstrated significantly 
higher gestational age at delivery in the treated group; 
the other two®* showed no differences. One trial‘ dem- 
onstrated improved birth weights in the treated group, 
whereas the other three*” showed no differences. 

The use of §-blockers during pregnancy has been 
associated with increased uterine muscle tone, intra- 
uterine growth retardation, blocking the tachycardic 
response to hypoxia, and neonatal respiratory depres- 
sion, bradycardia, and hypoglycemia. However, this 
subject was recently reviewed by Rubin,'* who surveyed 
the literature and concluded that B-blockers were safe 
in pregnancy. Our findings also reveal that labetalol is 
safe to use during pregnancy. None of the 86 exposed 
infants had congenital anomalies, and neonatal out- 
comes in the labetalol-exposed infants were similar to 
those in the control group. In addition, intrauterine 
growth retardation and neonatal hypoglycemia were 
not increased in patients treated with labetalol through- 
out pregnancy. 

Use of methyldopa during pregnancy was reportedly 
associated with reduced head circumference in the 
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newborn. The reduction in head circumference was 
not related to either the amount of methyldopa used 
or the duration of its use. This effect was confined to 
infants who were exposed to methyldopa between 16 
and 20 weeks’ gestation. Our findings reveal that the 
use of methyldopa early in pregnancy does not have 
any adverse effects on either neonatal head circumfer- 
ence or length. 

In summary, both methyldopa and labetalol are safe 
to use throughout pregnancy. However, the use of 
antihypertensive medications in mild chronic hyper- 
tension does not improve perinatal outcome and thus 
should be reserved for patients with severe hyper- 
tension. 
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Discussion 


Dr. F. GARY CUNNINGHAM, Dallas, Texas. You de- 
scribe an important clinical study designed to deter- 
mine if treatment of chronic hypertension with anti- 
hypertensive drugs during pregnancy decreases ma- 
ternal morbidity or improves perinatal outcome. You 
describe no advantages from treating women with ei- 
ther methyldopa or labetalol when compared with 
women who were not treated. Also, the incidence of 
neither superimposed preeclampsia (about 16% to 
18%) nor abruptio placentae (about 1% to 2%) was 
altered by antihypertensive therapy. As perhaps ex- 
pected, hypertension in women not given empiric treat- 
ment during pregnancy more often worsened later 
than in women given treatment (11% vs 6%), but the 
incidence of preterm delivery, fetal growth retardation, 
low-birth weight infants, and perinatal death was no 
greater. 

Continuous antihypertensive therapy was associated 
with lowered mean systolic and diastolic blood pres- 
sures, and although these differences were significant 
statistically compared with untreated women, I wonder 
if they are biologically significant. Because of the preg- 
nancy outcomes, I suspect they are not. 

The spectre of abruptio placentae in these women is 
particularly worrisome, and its incidence of 1 to 2 per 
100 pregnancies is much higher than for a general 
obstetrical population. Was there a relationship be- 
tween abruptio placentae and continued overt hyper- 
tension or was its incidence related to superimposed 
preeclampsia? 

I particularly like this study because it supports 
our management of women with similar problems 
at Parkland Hospital. Specifically, we do not recom- 
mend antihypertensive therapy during pregnancy for 
women with chronic hypertension.' Other descriptive 
studies** are in agreement with this policy. 
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Dr. FREDERICK P. ZusPAN, Columbus, Ohio. Dr. Si- 
bai, your paper is a hallmark paper for the simple rea- 
son that this is the first randomized prospective study 
ever done in the United States in chronic hypertension 
in pregnancy. 
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I have three questions for you. 

One, did you use self-blood pressure determinations 
to give you more of a baseline for ruling out “white 
coat hypertension?” 

Two, what was the position of the patient when you 
took the blood pressure? Either I went to sleep on that 
or you did not say. As you know, I have a prejudiced 
point of view toward taking it in the lateral recumbent 
position. 

And three, what did you predict as the outcome from 

your own prejudiced thinking before the institution of 
this marvelous study? 
_ Dr. James M. Roserts, San Francisco, California. I 
agree with Dr. Zuspan. This is a marvelous study, and 
I have never seen anything in the past that rivals the 
care. Patients were entered at the appropriate times 
and so on. i 

Unfortunately, it does not support my biases so I have 
to try to be critical. 

The criticism that I would like to advance is that your 
hypothesis was that antihypersensitive therapy was not 
going to be effective, and because in this study as in 
other studies there was no harm shown from hyper- 
sensitive therapy, how much difference could you have 
missed with the number of patients that you treated? 
In other words, you have a fairly innocuous treatment 
and are looking for an outcome that is a fairly sub- 
stantial improvement, With 100 patients in each group, 
how much of an improvement could you have missed? 

And the final question is, how do you define mild 
hypertension? 

Dr. Sipar (Closing). I would like to thank Dr. Cun- 
ningham for his kind remarks. I also would like to 
thank the discussants for their interesting comments. 

In regard to the issue of abruptio placentae, we had 
five patients in whom abruptio developed among the 
three groups. Two patients had abruptio in the control 
group. This happened at 35 weeks’ gestation in one 
patient who had superimposed preeclampsia. She was 
delivered by cesarean section because of fetal distress. 
At the time of surgery she had 40% abruptio. In an- 
other control patient this occurred at 36% weeks’ ges- 
tation. She was admitted because of suspected intra- 
uterine growth retardation and oligohydramnios. La- 
bor was induced and then she was delivered by cesarean 
section. At the time of surgery she had about 40% 
abruptio. She did not have superimposed preeclampsia 
or severe hypertension. 

There was one case in the group given methyldopa 
who had superimposed preeclampsia at about 33 weeks’ 
gestation and had 30% abruptio. 

It is of interest that two patients in the group given 
labetalol had abruptio without significant hypertension. 
One of them had normal blood pressure and was seen 
with premature rupture of the membranes at 34 weeks’ 
gestation. The patient was found to have 20% abruptio 
after vaginal delivery. The other patient was seen with 
preterm labor at 35 weeks’ gestation and was found to 
have bloody fluid at the time of amniocentesis. Her 
blood pressure was 130/88 mm Hg. She was delivered 
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by cesarean section and was found to have 30% 
abruptio. 

It remains unclear to me why abruptio placentae de- 
velops. Even though abruptio might be associated with 
hypertension, it does not seem that there is a cause- 
and-effect relationship. During the past 12 years I have 
reviewed close to 1000 cases of.abruptio, three fourths 
of them did not have hypertension or preeclampsia. 

In regard to the comments of Dr. Zuspan concerning 
the use of self-blood pressure determinations, unfor- 
tunately such measurements were not used. It is a good 
way to follow up patients; however, these measure- 
ments are difficult to use in our population. I agree 
with the theory of the “white coat hypertension,” and 
patients might have a different blood pressure at home, 
as compared with when they are seen in the office. Thus 
self-monitoring of blood pressure is an appropriate way 
to follow up these patients. 

The blood pressure was measured in the sitting po- 
sition. I know that Dr. Zuspan is an advocate of the 
lateral position. I personally am biased like everyone 
else. I believe that the sitting blood pressure is a better 
way to do it, especially with the hand supported on a 
chair at heart level. The problem with measuring blood 
pressure in the upper arm with the patient on her left 
side is that the blood pressure reading might be dif- 
ferent. In some cases there is a difference of close to 
15 to 20 mm Hg between the diastolic blood pressure 
measured in the supine, sitting, or left-lateral position, 
especially when the right arm is used. 

When we started the trial we did not think that we 
were going to find any differences with regard to peri- 
natal outcome or incidence of superimposed pre- 
eclampsia between the treated groups and the group 
without treatment. We have been against the use of 
antihypertensive medications in mild hypertension, 
and I am glad to see that we were right after analysis 
of the pregnancy outcome in this study. 

In regard to Dr. Roberts’ question, the definition of 
mild hypertension included patients who had systolic 
blood pressure =140 mm Hg and <160 mm Hg, and 
diastolic pressures between 90 and 110 mm Hg. Most 
of these women had diastolic pressure in the range of 
90 to 105 mm Hg. So by all criteria these are mild 
chronic hypertensive patients. 

With regard to the outcome and the sample size in 
the evaluation of the perinatal mortality in this case, 
there is no doubt that the sample size is small. However, 
you have to keep in mind that even if we had a sample 
size 10 times larger than this, it still would have been 
difficult to prove differences in perinatal mortality. It 
took me about 4 to 5 years to do this study, so probably 
if we are going to evaluate this we will have about 50 
years to do a study to prove differences in perinatal 
outcome. 

The same will apply to abruptio placentae. The dif- 
ferences are so small. However, the sample size is just 
adequate to determine differences in the incidence of 
both fetal growth retardation and superimposed pre- 
eclampsia. 


Leiomyosarcoma in a series of hysterectomies performed for 


presumed uterine leiomyomas 


Steven Leibsohn, MD, Gerrit d’Ablaing, MD, Daniel R. Mishell, Jr., MD, and 
John B. Schlaerth, MD 


Los Angeles, California 


The incidence of leiomyosarcoma in uterine leiomyomas is estimated to be between 0.13 to 0.29%. 
However, the exact incidence of leiomyosarcoma in uteri removed with a preoperative diagnosis of benign 
uterine leiomyomas has not been previously reported. Between 1983 and 1988, a total of 1432 patients in 
Women’s Hospital, a self-referred indigent population, had a hysterectomy planned because of abnormal 
uterine bleeding or abdominal pain associated with the presence of uterine leiomyomas, or because of a 
pelvic mass thought to be uterine leiomyoma of sufficient size or character to warrant surgical exploration. 
The ages of these women ranged from 36 to 62 years and the presence of leiomyosarcoma in the 
hysterectomy specimens increased steadily from the fourth to seventh decades of age (0.2%, 0.9%, 1.4%, 
and 1.7%, respectively). Preoperative histologic examination of the endometrium was performed in eight 
patients. Three of the eight patients had a preoperative tissue diagnosis of leiomyosarcoma that was 
clinically confined to the uterus. After the hysterectomy in the 1429 patients with presumed benign f 
disease, histologic diagnosis of leiomyosarcoma was made in seven (0.49%). There was no evidence of 
malignancy in the endometrial sampling of any of these seven patients and the diagnosis was suspected 
intraoperatively in only three. Preoperative uterine size ranged from 8 to 20 weeks’ gestational size and 
postoperative uterine weight ranged from -120 to 1100 gm. Seven of the 10 patients had symptoms of 
abnormal uterine bleeding. Between the ages of 40 and 60 years, 1% (8 of 817) of women with presumed 
uterine leiomyomas producing symptoms that necessitated hysterectomy in this series had 
leiomyosarcoma diagnosis postoperatively. Such treatments as gonadotropin-releasing hormone agonists, 
endometrial ablation, myomectomy by hysteroscopy or laparotomy instead of hysterectomy in such women 


could delay the diagnosis and definitive treatment of leiomyosarcoma. (Am J OssteT GYNECOL 


1990;162:968-76.) 


Key words: Leiomyosarcoma, presumed leiomyomas, postoperative diagnosis, incidence 


Leiomyosarcoma of the uterus is an uncommon neo- 
plasm. The signs and symptoms usually associated with 
uterine leiomyosarcoma are also present in persons 
with the more common benign leiomyoma.' Despite the 
performance of a preoperative endometrial biopsy or 
dilation and curettage in patients with abnormal uter- 
ine bleeding and irregular uterine enlargement because 
of leiomyosarcoma, the diagnosis is not reliably estab- 
lished preoperatively.” Thus in assuming a benign 
cause, surgical therapy might be delayed. Further, the 
opportunity to stage and treat the malignancy properly 


during laparotomy. can be missed. Even when leiomyo- ` 


sarcoma clinically confined to the uterus is suspected 
intraoperatively, rapid-frozen section is not always de- 
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cisive and decisions have to be made in an unanticipated 


situation. 


In standard texts of gynecology the incidence of 
leiomyosarcoma ‘that occurs in uteri presumed to 
have uterine leiomyomas is estimated to be 0.13% to 
0.30%.°* The basis for these figures is neither well de- 
fined nor comparable. 

This study was undertaken to determine the fre- 
quency of leiomyosarcoma found in women with a hys- 
terectomy planned because of signs or symptoms pre- 
sumably a result of uterine leiomyomas. A retrospective 
review was undertaken at a large hospital that serves 
an indigent population in which nearly all the patients 
are self-referred. The purpose of this study was to de- 
termine the various clinical aspects of this disease entity 
in addition to its incidence. 


Material and methods 


The records of all patients who underwent a hyster- 


_ ectomy for presumed uterine leiomyomas between Jan- 


uary 1, 1983, and May 31, 1988, at the Women’s Hos- 
pital Los Angeles County/ University of Southern Cal- 
ifornia Medical Center were reviewed. Also the records 


Volume 162 
Number 4 


EUST BGEA 


aad 
A Me Stores 
Eas 


R 


H 


PITA 


% 
Ai 
i Eph 





eS Ers 


ofS. 
ee 


5 


Leiomyosarcoma in presumed uterine leiomyomas 969 





Kes ae? 


ye Lg Cg tage 
Sor ge ; 
Do hat hgh ee: 





Fig. 1. Histologic features involved in the diagnosis of uterine leiomyosarcoma. Clockwise from 
upper left: metastasis, infiltrating margin, cellular atypia, mitotic figure (abnormal). . 


Table I. Hysterectomies planned for uterine leiomyomata January 1, 1983, to May 31, 1988 







21-30 46 3.2 
31-40 511 - 38.7 
41-50 673 "47.0 
51-60 , 144 © I0 
61-81 ; 58 : 4.1 

1432 100.0 







Confidence 


0° 0.0 0.0-9.6 
1 0.2 0.01-1.3 
6 0.9 0.4-2.1 
2 1.4 0.2-5.4 
l 1.7 0.1-10.5 

10 0.7 0.4-1.3 


TOTAL . - “4 l ; i 4-1, 


of all patients admitted for leiomyosarcoma of the 


uterus were reviewed for the same period. The indi- 
cations for hysterectomy were abnormal uterine bleed- 
ing or abdominal pain presumably a result of uterine 
leiomyomas or physical evidence of a mass in the pelvis 
thought to be uterine leiomyomas of sufficient size and 


character to warrant surgical exploration. The tissue- 
sections of the surgical specimens from all the study. 


patients were examined in detail by one of the authors 
(G. d’A.) with specific attention given to the number of 


mitoses per 10 high-power fields, the degree of cellular . 


atypia, the character of the tumor margins, and me- 
tastasis. , 


The histologic criteria used for the diagnosis of leio- 


myosarcoma were similar to those of Hendrickson and 
Kempson® and Zaloudek and Norris”: (1) >10 mitoses 
per 10 high-power fields, with 40 fields counted or (2) 
mitotic rate of 5 to 9 per 10 high-power fields, with 40 
fields counted, in conjunction with nuclear atypia or 
metastasis. The fields selected for counting mitoses 


were in areas with the most numerous mitotic figures . 


and not random fields. Atypia was defined as cells show- 
ing hyperchromatic nuclei with coarse chromatin and 
variation in size and shape. Myometrial invasion was 


identified when the neoplastic cells were observed ex- 
tending irregularly through and between adjacent 
smooth muscle fibers (Fig. 1). The clinical data, oper- 
ative findings, and pathologic findings were recorded 
' for each of the patients who had a diagnosis of leio- 


-© -myosarcomaa. ° 


During the 5-year and 5-month study period, 1432 
patients were considered for hysterectomy for pre- 


. sumed symptomatic uterine leiomyomas. Ten patients 


(0.7%) had a final diagnosis of leiomyosarcoma (Table 
I). Their ages varied from 36 to 62 years (Table II). 
The incidence of leiomyosarcoma during each decade 
of life steadily increased from the fourth to the sixth 
decade. However, the differences in each decade were 
not statistically significant. 


. Results 


Symptoms and signs. The most common symptom 
at the first examination was abnormal uterine bleeding, 
which occurred in seven patients. One of these patients 
was in shock with profuse bleeding. Other symptoms 
included abdominal pain, pressure, or dysmenorrhea, 

-which were present in five patients. Weight loss oc- 
curred in two patients (Table II). 
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Table II. Uterine leiomyosarcoma clinicopathologic details 


















Uterus 
(gestational size) 


Leiomyosarcoma 
size (cm) 


Patient 
age (yr) 











Procedure Result 





FH 36 Bleeding endome- 10 wk Endometrial biopsy Secretory 190 4.5 
trium 
C 44 Pain . 14 wk Endometrial biopsy Leiomyosarcoma 700 5 
MB 45 Bleeding, pain, 14 wk Endometrial biopsy Benign endome- 410 8 
weight loss trium, questionable 
progestin effect , 
BM 47 Bleeding 8-10 wk Endometrial biópsy Leiomyosarcoma 1000 28 
ML 48 Bleeding 16 wk Endometrial biopsy Benign endome- 1100 8 
trium, questionable 
progestin effect f 
ER 49 Hypovolemic shock, 18 wk — — 690 10 
bleeding, pain, : ; 
weight loss 
MA 50 Pain 20 wk Endometrial biopsy Benign endometrium 570 8 
MP 51 Bleeding, pain 16 wk Endometrial biopsy Benign endome- 600 12 
trium, questionable 
progestin 
MS 57 Pain 20 wk ` — Benign endome- 720 13 
trium, benign 
myometrium 
KT 62 Bleeding 8-10 wk Dilation and cu- Leiomyosarcoma 120 5.5 


rettage 





All patients had evidence of uterine enlargement at 
the time of preoperative bimanual pelvic examination. 
The size of two uteri were estimated to be that of 20 
weeks’ gestation, one of 18 weeks’ gestation, two each 
of 16 and 14, one of 10, and two of 8 to 10 weeks’ 
gestational size (Table II). : 

Preoperative assessment. Of the 10 patients, eight 


had either a preoperative endometrial biopsy or cu- . 


rettage (Table II). The diagnosis of leiomyosarcoma 
was made in three patients (37.5%), two by outpatient 
biopsy and one by curettage. In five patients, all of 
- whom had outpatient biopsies, the diagnosis was not 
made preoperatively. Of the remaining two patients, 
the opportunity for preoperative evaluation of the en- 
dometrium was not present for one patient because 
laparotomy and hysterectomy were performed for 
acute bleeding. Postoperative histologic examination of 
the endometrium in the uterus removed from this 
women did not reveal evidence of malignancy within 
the endometrium. The last patient did not have pre- 
operative endometrial sampling performed. The en- 
dometrium in three patients showed findings that de- 
noted prior progestin therapy. All patients except the 


one who underwent emergency laparotomy had cer- 


vical cytology performed preoperatively. None sug- 
gested the presence of leiomyosarcoma. 

Three patients underwent pelvic ultrasonography. 
Leiomyoma was diagnosed in two patients. A mass de- 
scribed as solid and cystic without further qualification 
was noted in the third patient. 

Operative findings. Among the three patients with 


a preoperative diagnosis of leiomyosarcoma, one pa- 
tient showed metastases (omentum and pelvic perito- 
neum) during planned operative staging (Table II). All 
three of these patients had postoperative recurrence of 
leiomyosarcoma. Among the seven patients in whom 


' leiomyosarcoma was not diagnosed preoperatively, it 


was suspected and proved by rapid-frozen section dur- 
ing the operative procedure in two patients. In one 
patient this suspicion was caused by profuse hemor- 
rhage and hypovolemic shock and in the other by areas 
of hemorrhage and necrosis observed by gross visual 
examination of the tumor. Neither patient showed me- 
tastasis at the time of surgical exploration, but both had 
postoperative recurrences in the lungs and spine. In 


«the remaining five patients, benign uterine leiomyomas 


was the presumed postoperative diagnosis. Gross de- 
scriptions of leiomyosarcoma by the pathologist in two 
of these five patients were “margin poorly demarcated,” 
“fleshy . . . not well circumscribed.” Despite this obser- 
vation an intraoperative rapid-frozen section was not 
performed. Neither of these patients has had a recur- 
rence. Of the remaining three patients, one had mi- 
croscopic metastasis to the cervix and to the paracer- 
vical tissues and lung metastases has developed. An- 
other patient has no evidence of disease. The last 
patient underwent a technically difficult “myomec- 
tomy.” Subsequent reoperation and hysterectomy re- 


` vealed metastases to local pelvic organs. 


Eight patients ages 44 to 62 years underwent to- 
tal abdominal hysterectomy and bilateral salpingo- 
oophorectomy, one after myomectomy. One 49-year- 
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Rapid frozen 
Diagnosed section 
Location preoperatively intraoperatively 


Submucous 0 0 
Endometrial + Not applicable 
Intramural 0 0 
Submucous + Not applicable 
Intramural 0 0 
Submucous 0 + 

_ Submucous ` 0 + 
Intramural 0 + 
Intramural 0 0 
Endometrial + Not applicable 


old patient underwent subtotal abdominal hyster- 
ectomy and bilateral salpingo-oophorectomy. Total 
abdominal hysterectomy with preservation of the ad- 
nexa was performed in one patient, age 36 years. 

Pathologic findings. A mitotic count of >10 per 10 
high-power fields and cellular atypia were found in six 
specimens; four specimens had a mitotic count of five 
to 10 per 10 high-power fields with associated atypia 
(Table II). 

Three patients had leiomyosarcoma occur in a uterus 
where leiomyomas also were present (Table II). In 
seven patients the leiomyosarcoma was the sole neo- 
plasm present in the uterus. The size of the leiomyo- 
sarcoma was recorded in all patients and ranged from 
4.5 to 15 cm in diameter; 9/10 were >5.0 cm in di- 
ameter. The location in the uterine wall was noted in 
all patients. Four were intramural, four were submu- 
cosal. Two were large polypoid masses in the uterine 
cavity attached to the uterine wall by narrow stalks and 
it is of interest that these lesions were two of the three 
that had the diagnosis of leiomyosarcoma established 
on preoperative biopsy. 

Clinical outcome. Despite the fact that only two of 
10 patients had metastases identified at the time of 
surgery, to date, four others have recurred (70% re- 
currence rate) (Table III). Five of these six patients have 
died. 


Comment 


The incidence of leiomyosarcoma in patients first 
seen with symptoms and signs that warranted hyster- 























Other gross tumor Mitoses per 10 Cellular 
features high-power fields atypia 
Poorly demarcated 6 + 
Hemorrhage and 8 + 
necrosis 
Fleshy mass 16 + 
Necrotic tumor 16 + 
— 7 + 
— 31 + 
Hemorrhage and 12 + 
necrosis 
Hemorrhage and 13 + 
necrosis 
— 22 + 
Necrosis 6 + 


ectomy for uterine leiomyomas in this study (0.7%) is 
higher than most previous reports would suggest. The 
polemics with regard to the histologic criteria for leio- 
myosarcoma have plagued the assessment of the risk 
of leiomyosarcoma for women presumed to have uter- 
ine leiomyomas. Most often the problem has been the 
overdiagnosis of leiomyosarcoma. This is most obvious 
by comparison of diagnostic criteria with the number 
of recurrences and deaths. With consideration to cor- 
rect diagnosis in view of subsequent mortality the re- 
ports by Corscaden,"' Montague,” and Boutselis seem 
to be most persuasive. 

Corscaden" reported 32 patients with leiomyosar- 
coma among 15,000 “clinically diagnosed cases of fi- 
bromyomata” (0.21%). Nineteen of the 32 women died 
of leiomyosarcoma, a 59% mortality rate. Montague’? 
reported 38/13,000 patients (0.29%) with leiomyosar- 
coma occurring among “examined myomata.” Eighteen 
of the 38 women with leiomyosarcoma died of the dis- 
ease, a 47% mortality rate. Boutselis'* reported 14 
women with leiomyosarcoma among 2361 “gynecologic 
admissions for myoma,” a 0.6% incidence. Twelve of 
these 14 women died of leiomyosarcoma, an 86% mor- 
tality rate. The crude mortality rate of 50% (5/10) in 
this report is comparable to these studies. 

A second problem in this analysis is the exact clinical 
perspective previous reports have taken. The leiomy- 
omas that serve as the study population in the Corsca- 
den and Montague studies’ * seem to be determined 
from surgical specimens in the pathology laboratory. 
Some of these leiomyomas were undoubtedly incidental 


` 972 Leibsohn et al. 


Table III. Uterine leiomyosarcoma outcome 
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Patient l 
age - Metastasis at surgery Recurrence 
FH 36 0 0 
BC 44 0 Lungs 
MG 45 0 0 
BM 47 Omentum, pelvic Peritoneal 
peritoneum cavity 
ML 48 i 0 0 
ER 49 0 Lungs 
MA 50 0 Spine 
MP 51 Cervix, paracervical Lungs 
tissue 
MS 57 0; Pelvic peritoneum* Pelvis- 
KT 62 — Peritoneal 
cavity 


Postoperative 
Status treatment 
Lost; no evidence of 0 
disease 6 months 
Died of disease 15 Ghemotherapy 
months ; 
No evidence of disease 0 
55 months 
Died of disease 9 Chemotherapy . 
months 
No evidence of disease Chemotherapy 
15 months 
Died of disease 6 Roentgen therapy 
months Chemotherapy 
Died of disease 12 Chemotherapy ` 
months 
Died of disease 8 Chemotherapy 
` months 
Alive with disease Chemotherapy 
Alive with disease Chemotherapy 








*At subsequent surgery. 


Table IV. Frequency of leiomyosarcoma in 
uteri removed for presumed leiomyomas 







95% 


Confidence 

Age interval 
21-30 0 (0/46) 0.0-9.6 
31-40 0.2 (1/511) 0.01-1.3 
41-50 0.6 (4/671) 0.2-1.6 
51-60 1.4 (2/144) 0.2-5.4 
61-86 0 (0/57) 0.0-7.9 
TOTAL 0.5 (7/1429) 0.2-1.1 





findings. However; the report by Boutselis’® does con- 
sider only the preoperative diagnosis and the incidence 
of 0.59% most closely matches that of 0.7% in this ar- 
ticle. 

‘In summary, a study group of women with presumed 
uterine leiomyomas whose signs and symptoms war- 
ranted hysterectomy was selected because it seems to 
be the best clinical group for.this analysis. However, 
the analysis in this article expands on two other im- 
portant clinical considerations, the age groups of 
women undergoing hysterectomy for uterine leiomy- 
omas and the incidence of leiomyosarcoma in such 
women. 

A gradual increase in incidence in leiomyosarcoma 
from the third through the sixth decade of age was 
observed. However, these differences were not statis- 
tically significant. Of the patients undergoing hyster- 
ectomy for presumed uterine leiomyomas, 47% were 
between 41 and 50 years of age. Six of the 10 
with leiomyosarcoma in this series were encountered 
in this age group, an 0.89% incidence of leiomyo- 
sarcoma. 


r 


The results of this study indicate that, overall, women 
with signs and symptoms of uterine leiomyomas that 
warrant hysterectomy have about a 1 in 140 chance of 
having a uterine leiomyosarcoma. l 

The preoperative diagnosis of leiomyosarcoma in 


“only 3/8 (37.5%) is consistent with most other re- 


ports*® and permits the conclusion that endometrial 
biopsy-curettage is not a highly reliable diagnostic 
test for this entity. Deletion of the.three women in 
whom leiomyosarcoma was diagnosed preoperatively 
still leaves a relative frequency of leiomyosarcoma in 
hysterectomies for presumed benign symptomatic uter- 
ine leiomyomas in an unreferred population of 0.5% 
(7/1429) (Table IV). Also, the experience in this study 
suggests as others have noted” that abdominal ultra- 
sonography of the pelvis and cervical cytology are not 
helpful preoperative tests for the diagnosis leiomyo- 
sarcoma of the uterus. $ 

Only three patients in this series showed metastases 
and none were evident clinically. This is consistent with 
other reports’ and allows the observation that physical 
examination and imaging studies’ ™ are only occasion- 
ally helpful in establishing the diagnosis preoperatively. 

‘Suspicion arose intraoperatively in three patients— 
one by the presence of metastases and two by gross 
features of the tumors that led to a diagnosis by rapid- 
frozen section. 

The preoperative diagnosis of leiomyosarcoma 
avoids delay that might be involved in the management 
of patients with presumed leiomyomas. It also allows 
for a plan for the proper surgical procedures. Subclin- 
ical metastases to the uterine adnexae have been re- 
ported in leiomyosarcoma clinically confined to the 
uterus.'* This observation can alter the plan for adnexal 
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conservation for premenopausal women undergoing 
hysterectomy for leiomyomas. Also, although the in- 
cidence of retroperitoneal lymph node metastasis in 
leiomyosarcoma is too low to recommend routine 
lymph node biopsy or lymphadenectomy, careful pal- 
pation and biopsy of suspect lymph nodes would seem 
worthwhile.'© 7 

The clinical situation is also benefited when the di- 
agnosis is established intraoperatively. A deliberate 
search for metastasis, an informed decision with regard 
to adnexal preservation, and avoidance of less optimal 
extirpative procedures such as subtotal hysterectomy 
or myomectomy all occur after an intraoperative di- 
agnosis of leiomyosarcoma. 

„In half these patients the surgery was completed and 
the diagnosis of leiomyosarcoma had not been made. 
To date two of these patients have recurrence of the 
disease. One 36-year-old patient had her adnexa 
preserved. No patient underwent surgery again for 
staging or adnexectomy. One patient underwent sub- 
total hysterectomy. This abbreviation of surgery was 
deliberate because of the emergent circumstances of 
the surgery. 

As mentioned previously one patient underwent only 
a myomiectomy because of technical difficulties. How- 

_ever, hysterectomy and bilateral adnexectomy were 

subsequently performed. This patient was postmeno- 
pausal and technical considerations governed the sit- 
uation. í 

A myomectomy is most commonly done in a young 
woman interested in retaining her fertility. It has been 
a general observation that with leiomyosarcoma clini- 
cally confined to the uterus, premenopausal women are 
at significantly lower risk for recurrence.'? *'° Not sur- 
prisingly lower mitotic counts, less cellular atypia, and 
fewer of the other worrisome histologic parameters are 
found in these younger women. Patients with leiomyo- 
sarcoma have apparently been successfully treated with 
myomectomy alone, some of whom had subsequent 
pregnancies.” However, subsequent surgery in others 
has shown residual tumor in the uterus,’ and recur- 
rence after myomectomy has been reported in still 
others.” Myomectomy alone for leiomyosarcoma of 
the uterus has to be viewed as an exceptional form of 
therapy. : 

Other clinical situations in which delay and incorrect 
management of leiomyosarcoma can possibly occur are 
hysteroscopic endometrial ablation” or resectoscope re- 
section for presumed submucous leiomyomas,”* and 
gonadotropin-releasing hormone agonist therapy.” * 

The resectoscope provides fragments of tissue that can 
present technical problems for the pathologist and 
commonly leaves a portion of the presumed leiomyoma 
behind. Endometrial ablation does not yield tissue at 
all. Gonadotropin-releasing hormone agonists can con- 
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trol symptoms and decrease the size of leiomyomas. 
Their use as a preoperative adjuvant requires 8 to 12 
weeks of treatments.?** Presumably use as a definitive 
therapy would include the same 8- to 12-week trial 


_ period. 


-These modalities seem most applicable to women in 
their forties with symptomatic leiomyomas. If these tu- 
mors can be controlled until menopause with any of 
these treatments, one may be able to avoid major sur- 
gery. It is perhaps for these clinical situations that our 
observation of one chance in 112 of a leiomyosarcoma 
being present in a women between 41 and 50 years of 
age with presumed symptomatic leiomyomas is most 
important. If the observations in this study are true, a 
two to four times greater risk of leiomyosarcoma for 
women exists than is contained in the sources most 
usually quoted on leiomyosarcoma incidence in leio- 
myomas. Certainly there is little basis to abandon the 
development of conservative therapies for uterine 
leiomyomas because of the findings in this study. But 
concern about a higher likelihood for leiomyosarcoma 
in women with symptomatic presumed leiomyomas 
should affect the informed consent process and selec- 
tion of cases for conservative therapies. Also suboptimal 
results after conservative therapies should be watched 
for closely and, if present, further diagnostic and ther- 
apeutic measures should be undertaken without delay. 
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Discussion 

Dr. James L. Breen, Livingston, New Jersey. Leio- 
myosarcoma remains an enigma with regard to inci- 
dence, early signs and symptoms, histopathologic cri- 
teria for diagnoses, prognostic indicators, and apppro- 
priate modalities of therapy. The authors in part have 
attempted to answer some of these questions by eval- 
uating 10 patients with leiomyosarcomas who were 
gleaned from 1432 patients who had hysterectomies 
for presumed leiomyomas. 

The increasing emphasis on conservative therapy in 
the management of myomas places the patient at risk 
who is harboring an asymptomatic leiomyosarcoma. 
How extensive is this risk? In the authors’ series the 
absolute incidence of 0.7% is higher than that reported 
in comparable series; the latter varying from 0.13% to 
0.30%. However, if the authors had excluded the three 
patients in whom the diagnosis was established pre- 
operatively, the incidence would be 0.4%, which is com- 
parable to other series. 

With regard to diagnostic criteria, we ritualistically 
have used the finding of the rapidly growing leiomy- 
oma, particularly in the postmenopausal patient, as an 
indicator of possible sarcomatous degeneration. This 
was not addressed in this series and I wonder whether 
in any patients (either the 10 with sarcoma or the 1422 
who had hysterectomies for benign leiomyoma) a rap- 
idly growing uterine mass was an indication for hys- 
terectomy? The authors appropriately state that early 
diagnosis would allow for earlier therapeutic interven- 
tion. It is stated that preoperative endometrial assess- 
ment, cytology, and ultrasonography, which were col- 
lectively or individually used in eight of the 10 patients, 
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were not helpful. However, in three of these eight en- 
dometrial biopsies revealed a leiomyosarcoma. Do the 
authors believe that with today’s imaging techniques we 
might look forward to some mechanism by which to 
achieve an early diagnosis? 

An additional dilemma revolves about how to make 
a diagnosis from a histopathologic viewpoint of leio- 
myosarcoma. Techniques for diagnosis of leiomyosar- 
comas range from flow cytometry to determine nuclear 
deoxyribonucleic acid histogram patterns to the more 
conventional criteria-of counting >10 mitoses per 10 
high-powered fields, counting 40 fields, or a middle- 
of-the-road approach (i.e., mitotic rates <10 in the. 
same number of high-powered fields but combined 
with cellular pleomorphism or invasion). Can the au- 
thors, who used the conventional criteria, tell us the 
number of patients who had high mitotic counts versus 
the number with lower mitotic counts but with cellular 
pleomorphism (inasmuch as Table VI would suggest 
that all had degrees of pleomorphism)? I ask this pri- 
marily to see whether this has any prognostic value. I 
realize this is a difficult question when dealing with only 
10 patients of whom eight had adequate follow-up. The 
diagnosis in two cases of this series was by frozen section 
at the time of surgery, one in a patient with hypovolemic 
shock and the other with a necrotizing leiomyoma. It 
is mentioned that routine frozen section may be help- 
ful. Do the authors believe that in these two situations, 
knowing or not knowing would have altered the sur- 
gical management of the patient? Also,.if a routine 
frozen section had been performed in the five patients 
in whom the diagnosis was not suspected preoperatively 
or intraoperatively, would this have altered the surgical 
management? 

With regard to prognosis, it has been both suggested 
and denied: that prognosis may be determined by mi- 
totic rates, histologic grades, tumor borders, vascular 
invasion, uterine extension, and age of patient. I won- 
der whether the authors believe these sar comas might 
differ biologically from sarcomas that arise within or 
are associated with leiomyomas, particularly in the six 
patients in whom the sarcoma apparently was not as- 
sociated with leiomyomas. 

I should like to know what chemotherapy was used 
and whether the authors can elaborate on the role of 
adjunctive chemotherapy in the treatment of leiomyo- 
sarcoma? I ask this in view of the fact that of the three 
patients who lived six to 55 months after therapy with 


.no apparent evidence of disease, two were- treated 


with surgery only and one with adjunctive chemo- 
therapy. 

What do we learn from a study like this? I personally 
appreciated the authors’ conclusion, particularly in this 
medically entrepreneurish world, that the hormonal 
and laser manipulation of symptomatic leiomyomas in 
patients 40 to 60 years of age is indeed very suspect 
therapy. 

As was stated by Elbert Hubbard, “There is no failure 
except in no longer trying.” In our efforts to answer 
the multiple dilemmas that occur when dealing with 
leiomyosarcomas it is important as the authors have 
done to record our experiences. 


Volume 162 
Number 4 


Dr. ALFRED I. SHERMAN, Detroit Michigan. I am in- 
terested in the two cases that had the polypoid intra- 
cavitary location. If they had been removed from the 
cavity from below would it have removed the entire 
tumor or was there evidence of disease invading the 
myomatous portion of the uterus as well? Or was the 
tumor completely confined to the uterine cavity? 

I would be interested in your chemotherapy regimen 
for these cases. 

Dr. STEPHEN L. Curry, Boston, Massachusetts. In- 
asmuch as Dr. Sherman brought up the subject, I would 
like to follow up on what Dr. Breen said. 

As many of you know, the City of Boston has been 
the leader in women being concerned about their own 
care, and one of the areas of concern has been the high 
number of hysterectomies. However, I think this is lead- 
ing to a dangerous situation for women. 

Recently I saw a patient for second opinion who had 
fibroids above the umbilicus with bilateral ureteral 
blockage. She insisted at age 51 years that she wanted 
a myomectomy. I informed her that I thought this was 
inappropriate because of the risk of bleeding, the risk 
of transfusion, and the risk of complications. 

She sought an organization well known in this coun- 
try that referred her to four specialists. On her request 
I spoke with the fellow of one of the specialists who 
told me: “Yes, we do do that because our chief told us 
that it is good experience to do myomectomies and they 
are going to have it done anyway.” 

When I explained it to her, she decided not to go 
there. She went to another institution where a myo- 
mectomy was done. I find this an exceedingly unfor- 
tunate situation in medicine, and I would urge all of 
us to be concerned about these women. 

Dr. J. DoNALD Wooprurr, Baltimore, Maryland. In 
Dr. Breen’s discussion he mentioned that there were 
cases in this particular series that were not associated 
with leiomyomas. I am interested in those because in 
our experience the cases that develop in the myome- 
trium without leiomyoma had a much worse prognosis 
because they develop without symptomatology and of- 
ten metastasize early. 

I am also interested in this presentation particularly 
from the standpoint of the confusing terminologies that 
have been introduced into our Society relative to leio- 
myosarcoma. 

We have four varieties that I know of and probably 
more such as cellular myoma, pleomorphic leiomyo- 
sarcoma, and leiomyosarcoma of low malignant po- 
tential. I think that it is high time that we under- 
stand that there are very specific criteria for the diag- 
nosis of myosarcomas and they should be adhered 
to rigidly in the discussion of this particular lesion, 
which although unusual is very malignant when it oc- 
curs, particularly in the absence of leiomyoma. Mitoses 
are a mandatory feature of leiomyosarcoma. Pleo- 
morphism is too nebulous a term to be acceptable. 
Atypical and hyperchromatic nuclei are not evidences 
of malignancy. 

Dr. GEORGE WILBANKS, Chicago, Illinois. Perhaps it 
is in the manuscript, but I would like to know how many 
slides per measurement of the fibroids were examined. 
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Dr. JOHN PARENTE, Bronx, New York. In refer- 
ence to Dr. Breen’s comment, we did have an arti- 
cle published in the Gray JOURNAL (AM J OBSTET GY- 
NECOL 1978;131:812-5) and it was an outstanding case 
of a patient who came in with pulmonary metastasis as 
a result of a large rapidly growing fibroid that con- 
tained leiomyosarcoma. 

We treated her surgically and with adjuvant che- 
motherapy. She had a high carcinoembryonic antigen 
level before treatment, so we were able to follow-up 
her postoperative course with serial carcinoembryonic 
antigen levels. We used a doxorubicin hydrochloride 
(Adriamycin)—based chemotherapeutic regimen and 
she lived 3.5 years. 

Rising carcinoembryonic antigen levels signaled the 
lung recurrence just before lung roentgenogram evi- 
dence. Carcinoembryonic antigen levels in this case re- 
flected tumor activity and response to management. 

Dr. FREDERICK SILLMAN, Brooklyn, New York. I am 
surprised that as many as 30% were diagnosed pre- 
operatively by endometrial sampling, especially because 
I assume these were pure leiomyosarcomas without any 
mixed elements. I wonder what methods were used. 
Was it endometrial biopsies? With or without suction? 
Or was it formal curettages? Do you have any comments 
in terms of techniques of preoperative sampling, 
particularly if one suspects there might be leiomyo- 
sarcoma? 

Dr. JONATHAN BEREK, Los Angeles, California. Of 
the 10 patients who had a leiomyosarcoma, two were 
seen preoperatively with metastasis, one was seen with 
hemorrhage, two with weight loss, and five with sig- 
nificant pain. In addition, all but two of the operative 


. specimens were >500 gm. Of the seven patients 


who were not diagnosed preoperatively, how many 
had these significant preoperative symptoms and 
signs? 

Dr. E. JAMES AIMAN, Milwaukee, Wisconsin. The 
average length of time to reduce a myoma with a 
gonadotropin-releasing hormone is 2 to 3 months, and 
the average reduction in size is about 50%. I wonder 
whether a 2- to 3-month delay with a leiomyosarcoma 
significantly impacts adversely on ultimate survival. 
Could the failure to reduce the size of a leiomyosarcoma 
possibly be used as a diagnostic criteria? 

Dr. Howard W. Jones HI, Nashville, Tennessee. 
The diagnosis of uterine sarcoma is most difficult, 
and I think one of the problems with gonadotropin- 
releasing hormones in the treatment of leiomyomas is 
that leiomyosarcomas are associated not infrequently 
with benign leiomyomas. For instance, gonadotropin- 
releasing hormone—therapy may result in shrinkage of 
the benign lesions, whereas the associated sarcoma con- 
tinues to grow. Inasmuch as the overall uterine size is 
decreasing, we might be falsely reassured, resulting in 
a delay in diagnosis. It might be interesting for Dr. 
Schlaerth to give us his ideas in this regard. 

Dr. SCHLAERTH (Closing). Thank you, Dr. Breen, for 
your most kind comments. 

In regard to your questions, rapid growth of the 
neoplasm was not included in the analysis of the pa- 
tients who were bleeding and who had large tumors 
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because these patients had little or no recent gyneco- 
logic care before they came to us. 

As far as imaging techniques being of any assistance, 
our radiologists were quite surprised when I asked 
them to review the sonograms that we did have for 
three leiomyosarcomas. The leiomyosarcomas had the 
appearance of typical leiomyomas. 

Computerized tomography or magnetic resonance 
imaging might be more helpful but recommending 
these expensive tests for all patients with fibroids is 
impractical. I do not think we have an answer in im- 
aging. 

As far as our thoughts about microscopic criteria for 
leiomyosarcoma, the combination of high mitotic count 
and nuclear atypia are considered to be the pivotal 
histologic features. 

Rapid-frozen section identification of a leiomyosar- 
coma may influence intraoperative management. A 
subtotal hysterectomy as opposed to a total hysterec- 
tomy was done in one of our patients. When the rapid- 
frozen section disclosed leiomyosarcoma, the cervix was 
removed. Later examination revealed local extension 
of the leiomyosarcoma to the cervix, so the frozen sec- 
tion actually resulted in the proper surgical procedure 
being done. 

Also, rapid-frozen section diagnosis could help in 
women in whom a myomectomy is the planned pro- 
cedure. On the basis of our experience with recurrence 
and survival, if we have a diagnosis of leiomyosar- 
coma I think we would extend the procedure to hys- 
terectomy. 

There is also an anecdotal experience in which the 
adnexa were found to contain microscopic metastasis 
from a presumed confined leiomyosarcoma. In a 
woman >40 years of age with a rapid-frozen section 
diagnosis of leiomyosarcoma, adnexal removal is prob- 
ably wise. But perhaps the most important thing that 
follows a rapid-frozen section diagnosis of leiomyosar- 
coma is the exploration of the peritoneal cavity for 
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metastasis and excision biopsy of any suspect areas in- 
cluding lymph nodes, although in our experience pelvic 
and aortic lymph nodes are uncommonly involved by 
metastasis at the initial diagnosis of leiomyosarcoma 
that is clinically confined to the uterus. 

Our analysis suggests that the solitary uterine neo- 
plasm may be at higher risk of a leiomyosarcoma than 
the uterus that contains multiple fibroids. 

Our postoperative management for women with leio- 
myosarcoma -presumably confined to the uterus has ~ 
been to recommend adjuvant chemotherapy, in partic- 
ular doxorubicin, for six cycles. 

In regard to Dr. Sherman’s comments, the two en- 
dometrial lesions had the tumor confined to the mass 
in the endometrial cavity. The base was not involved 
by the sarcoma. Both patients underwent hysterectomy 
and postoperative adjuvant chemotherapy. 

In response to Dr. Wilbanks’ question with regard to 
how extensively we sample these tumors, our rule has 
been one slide per 1 cm of maximum tumor diameter, 
with particular attention to nonhomogeneous areas. We 
do not have information with regard to the utility of 
tumor markers carcinoembryonic antigen or CA 125. 

The preoperative diagnostic tools for endometrial 
sampling used in this article were the Vabra aspirator 
(Berkeley Medevices, Inc., Berkeley, Calif.) and the No- 
vak endometrial biopsy suction curet (American V. 
Muller, Chicago). The more recent reports of uterine 
leiomyosarcomas describe success with preoperative di- 
agnosis about 50% of the time, which is higher than 
our experience. 

In regard to agonist therapy as a test for malignancy, 
particularly with regard to the 12 weeks, which is as I 
understand it the common trial period, I have this ob- 
servation. By operating without delay, as was done in 
this series, six of 10 patients had lesions that recurred 
and 5 died. I would be reluctant to risk postponing 
surgery 3 months in view of this poor survival rate. 


The association of fetal and newborn metabolic acidosis with 
severe periventricular leukomalacia in the preterm newborn 


James A. Low, MD, Alison F. Froese, MD, Ruth S. Galbraith, MD, Eric E. Sauerbrei, MD, 
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One hundred twenty preterm newborns <34 weeks’ gestational age have been studied prospectively to 
determine the frequency of fetal and newborn metabolic acidosis and to examine the relationship of 
metabolic acidosis to periventricular leukomalacia as demonstrated by serial newborn ultrasonographic 
examinations. Fetal metabolic acidosis, based on an umbilical artery buffer base <34 mmol/L at delivery, 
occurred in three cases (2%), one of which had evidence of periventricular leukomalacia. Newborn 
metabolic acidosis that is based on a buffer base <34 mmol/L during the 4 days after delivery occurred in 
12 cases (10%), five of which had evidence of periventricular leukomalacia. There is a significant 
relationship between the degree and duration of newborn metabolic acidosis and the occurrence of 
periventricular leukomalacia. This study indicates that systemic metabolic acidosis is an important 
pathophysiologic marker of periventricular leukomalacia. Intrapartum fetal asphyxia with metabolic acidosis, 
although an infrequent occurrence in the preterm newborn, may account for a few cases of periventricular 
laukomalacia, while the more common newborn metabolic acidosis, when of sufficient degree and 
duration, carries a high risk of periventricular feukomalacia. (AM J OBsTET GYNECOL 1990;162:977-82.) 
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The introduction of cranial diagnostic imaging tech- 
niques has provided an opportunity to examine the 
sequence of clinical events that may contribute to the 
occurrence of neuropathologic conditions and to de- 
termine the predictive significance of these findings for 
motor and cognitive deficits in surviving children. This 
is particularly true since careful discrimination between 
the ultrasonographic findings of germinal matrix— 
intraventricular hemorrhage, ventriculomegaly, and 
parenchymal lesions has been recognized in most 
studies. 

It is generally held that some combination of altered 
fetal and/or newborn blood gas and cardiovascular 
characteristics may result in intracranial hemorrhage 
and/or parenchymal lesions of the brain.’ Confirma- 
tion of the causes of either intracranial hemorrhage or 
periventricular leukomalacia has been difficult in ret- 
rospective clinical studies, because of the imprecise cri- 
teria for some variables (e.g., asphyxia) and the periodic 
nature of most observations. 

The aim of this project was to conduct a prospective 
study ‘of fetal characteristics during labor and delivery 
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and newborn characteristics during the 4 days after 
delivery. The variables examined included continu- 
ously documented fetal and newborn blood gas and 
cardiovascular characteristics in relation to newborn 
neuropathologic conditions identified by ultrasono- 
graphic examination. 

Systemic metabolic acidosis is a valuable indicator of 
fetal and/or newborn tissue hypoxia caused by either 
hypoxemia or ischemia. The objective of this first re- 
port is to examine the relationship between systemic 
metabolic acidosis in the fetus and newborn and peri- 
ventricular leukomalacia in the newborn as demon- 
strated by serial ultrasonographic examinations. 


Methods 


The data presented in this report are derived from 
a prospective study of 120 preterm newborns <34 
weeks of gestational age conducted between July 1986 
and December 1988. The study included 61 newborns 
weighing <1500 gm (range 640 to 1499 gm) and 59 
newborns weighing > 1500 gm (range 1500 to 2200 gm) 
for whom fetal blood gas and fetal heart rate charac- 
teristics were documented during labor and at delivery 
and a continuous recording of transcutaneous oxygen 
tension, heart rate, and blood pressure was obtained 
for the newborn during the 96 hours after delivery. 
The continuous recording of newborn oxygen tension 
was obtained with a Kontron 632 module and appro- 
priate oxygen sensors. Heart rate was obtained with a 
Tetronix 413 monitor. Mean arterial pressure was mea- 
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Table I. Distribution of ultrasonographic evidence of periventricular leukomalacia between day 0 and 


day 7 after delivery 


A. B. C. D. E. F. 
560 gm 650 gm 860 gm 1030 gm 1260 gm 2060 gm 


oo 


Cerebral hemisphere 


Right frontal + 
Right parietal ++ 
Right occipital + 

Right temporal 

Left frontal + 
Left parietal ++ 
Left occipital ++ 


Left temporal 

Thalamus plus basal ganglia 
Right 
Left 


sured continuously through an indwelling arterial cath- 
eter with an intraflow flush system (Sorensen) appro- 
priate for newborns. When an arterial catheter was not 
present, systemic blood pressure was recorded with an 
automated oscillometric method (Dinamap-Critikon) 
that provided measures of blood pressure at 3-minute 
intervals. The data were time stamped and recorded 
in a computer that had a data acquisition module for 
analog data. 

‘This report presents data on 15 preterm newborns 
out of the 120 in this study with evidence of either fetal 
metabolic acidosis at delivery or newborn metabolic ac- 
idosis during the 4 days after delivery. In each case a 
blood gas and acid-base assessment of umbilical vein 
and artery blood was obtained at delivery. The criterion 
for significant metabolic acidosis at delivery was an um- 
bilical artery buffer base value <34 mmol/L.? Similarly, 
periodic arterial or capillary blood samples were ob- 
tained from the newborn as clinically indicated during 
the 96 hours after delivery. The average number of 
blood samples for each newborn in this report was 25, 
that is, approximately one sample every 4 hours. 

The criterion for a significant metabolic acidosis was 
derived from the blood gas and acid-base measures of 
35 preterm newborns of uncomplicated pregnancies 
(20 <1500 gm, 15 >1500 gm) in this study. These new- 
borns had no evidence of fetal growth retardation or 
fetal asphyxia, no newborn respiratory complications, 
infection, or encephalopathy, and normal cranial ul- 
trasonographic examinations. A buffer base of 38 
mmol/L represents 2 SD below the mean for these 
uncomplicated newborns. Therefore the criterion for 
a significant metabolic acidosis was defined as a buffer 
base >2 SD below the mean for these newborns, that 
is, <38 mmol/L. 

Serial cranial ultrasonographic examinations were 
obtained on days, 1, 4, 7, and 30, at discharge, and at 
a follow-up examination at either 3 or 6 months’ cor- 
rected age, as well as whenever clinically indicated. The 
average number of ultrasonographic examinations for 


++ 

+++ +++ ++ 

+++ ++ ++ 
+++ ++ 
+++ +++ 


each newborn in this study was five. Each study was 
reviewed for the presence of germinal matrix hemor- 
rhage, ventriculomegaly, or a parenchymal lesion. Pa- 
renchymal lesions were defined as areas of increased 
echogenicity in the periventricular region distinct from 
the ventricles. Such areas of increased echogenicity may 
include or be replaced by cystic areas. 

Statistical analysis was by Student ¢ test. A value of 
p < 0.05 was considered significant. 


Results 


The frequency of fetal or newborn metabolic acidosis 
in this study was 12% (15 of 120). There was no overlap 
of fetal and newborn metabolic acidosis in these infants. 
An echogenic parenchymal lesion characteristic of peri- 
ventricular leukomalacia was observed during the week - 
after delivery in six of the 15 newborns. The echogenic 
lesion was extensive in each case with differing involve- 
ment of the frontal, parietal, and occipital regions of 
one or both cerebral hemispheres (Table I). 

There were three preterm infants with a significant 
metabolic acidosis (<34 mmol/L) at delivery, one of 
whom (A) had evidence of periventricular leukomalacia 
on ultrasonographic examination. The degree of met- 
abolic acidosis at delivery was severe (umbilical artery 
buffer base value 24 mmol/L). The clinical course in 
the neonatal period was uneventful with rapid reso- 
lution of the metabolic acidosis after delivery. First ev- 
idence of the parenchymal lesion on ultrasonographic 
examination was observed within 24 hours of delivery 
with progression of the ultrasonographic findings 96 
hours after delivery. 

There were 12 newborns with neonatal metabolic 
acidosis during the 96 hours after delivery, five of 
whom (B to F) had evidence of periventricular leuko- 
malacia on ultrasonographic examination. In each case 
the initial ultrasonographic examination gave normal 
results with evidence of an echogenic parenchymal le- 
sion documented between 84 and 140 hours after de- 
livery. The timing of the ultrasonographic examina- 


Volume 162 
Number 4 


Table II. Degree of metabolic acidosis in 
newborn with and without evidence of 
periventricular leukomalacia 





Periventricular leukomalacia 








pH 7.09 0.07 6.94 0.15 0.05 
Pco, 64 17 85 36 NS 
Buffer base 34.9 3.9 28.8 5.4 0.05 





Table III. Frequency of periventricular 
leukomalacia in relation to modest and severe 
newborn metabolic acidosis 








Periventricular 
leukomalacia 







Metabolic acidosis 


Degree (buffer 
base, mMol/L) 













tions was dictated by the protocol and clinical events, 
not the metabolic acidosis. Within this constraint the 
interval between the nadir of the metabolic acidosis and 
the ultrasonographically documented periventricular 
leukomalacia averaged 51 hours with a range from 18 
to 80 hours. 

The duration and severity of the metabolic acidosis 
in the newborn with and without periventricular leu- 
komalacia are presented in Fig. 1. The maximum de- 
gree of the metabolic acidosis is significantly greater in 
the newborns with periventricular leukomalacia (Table 
II). Similarly the average documented duration of the 
metabolic acidosis in the newborns with periventricular 
leukomalacia, 10 hours, was significantly greater than 
that of the newborns with normal ultrasonographic ex- 
aminations, 2 hours (p < 0.01). 

Two degrees of metabolic acidosis were apparent in 
this study (Table III). In newborns with short-term, less 
severe metabolic acidosis (buffer base value 34 to 38 
mmol/L for. <6 hours) periventricular leukomalacia 
generally did not develop. On the other hand, new- 
borns with a more severe, prolonged metabolic acidosis 
(buffer base value <30 mmol/L for >6 hours) all had 
evidence of periventricular leukomalacia. 


Comment 

Parenchymal echogenic lesions with and without 
cyst formation on ultrasonographic examination are 
accurate indicators of periventricular leukomalacia 
as demonstrated in a number of ultrasonographic- 


7 mmol/L 


Metabolic acidosis and periventricular leukomalacia 979 


BUFFER 
BASE 






BUFFER 
BASE 
mmol/L 


SSRRSSReERESRESES REG 


B. Periventricular leukomalacia 


Fig. 1. Serial buffer base estimations in preterm newborn with 
normal ultrasonographic examinations (A) and preterm new- 
born with hyperechoic lesions of periventricular leukomalacia 
(B) during 4 days after delivery. 


postmortem correlational studies.’ However, some 
smaller nonhemorrhagic lesions will not be identified 
by ultrasonographic examination.‘ The importance of 
ultrasonographically documented periventricular leu- 
komalacia as a predictor of motor and cognitive deficits 
in surviving children is well established. ° 

The objective of this report was to demonstrate the 
predictive value of severe metabolic acidosis for peri- 
ventricular leukomalacia. Systemic metabolic acidosis in 
the fetus or newborn reflects tissue oxygen debt as a 
result of some combination of hypoxemia and/or isch- 
emia. As such, it may be an important marker of the 
pathophysiologic conditions accounting for periven- 
tricular leukomalacia. 

In the mature fetus the association between asphyxia 
with metabolic acidosis and neuropathologic conditions 
is well documented. This has been demonstrated in the 
fetal monkey’ and in perinatal deaths attributed to as- 
phyxia.** Computerized tomographic studies have con- 
firmed the presence of neuropathologic conditions in 
mature newborns with hypoxic-ischemic encephalop- 
athy."° Clinical studies have provided evidence of an 
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association between intrapartum fetal asphyxia as de- 
termined by blood gas and acid-base analysis in the 
mature fetus at delivery and motor and cognitive def- 
icits at 1 year.” 

However, in the premature fetus there is little evi- 
dence of an association between fetal asphyxia with 
metabolic acidosis and periventricular leukomalacia. 
‘The retrospective interpretation of postmortem studies 
of periventricular leukomalacia in preterm newborns 
is difficult because of the absence of a specific diagnosis 
of fetal asphyxia and the complex clinical events leading 
up to the neonatal death. Clinical studies have failed 
to demonstrate an association between biochemically 
confirmed intrapartum fetal asphyxia and ultrasono- 
graphically documented newborn germinal matrix— 
intraventricular hemorrhage.’? * No data from clinical 
studies have been reported in regard to the associa- 
tion of biochemically confirmed fetal asphyxia and 
ultrasonographically documented periventricular leu- 
komalacia. This may reflect the infrequent occurrence 
of asphyxia with a significant degree of metabolic aci- 
dosis in the preterm fetus. Preterm newborns <34 
weeks’ gestation represent 4% of deliveries in our cen- 
ter with an incidence of intrapartum fetal asphyxia in 
this series of only 2%. 

The striking association in one case in this series sug- 
gests that intrapartum fetal asphyxia may be a factor in 
the occurrence of periventricular leukomalacia in the 
preterm newborn. Further experience is required to 
confirm this association and to provide an indication of 
the degree and duration of the metabolic acidosis nec- 
essary to lead to such neuropathologic abnormality. 

A relationship of preterm newborn metabolic aci- 
dosis to neuropathologic conditions has been implied 
in many clinical studies. Studies of ultrasonographically 
documented intracranial hemorrhage have demon- 
strated an association with both newborn respiratory 
complications and newborn acidosis.'* ® Recent studies 
of hyperechoic ultrasonographic lesions of periventric- 
ular leukomalacia have demonstrated an association 
with both recurrent apnea and the duration of me- 
chanical ventilation.’* '? No data in regard to the as- 
sociation of newborn acidosis and the hyperechoic le- 
sions of periventricular leukomalacia have been re- 
ported. 

Newborn metabolic acidosis occurred in 12 of the 
preterm newborns in this series, an incidence of 10%. 
A hyperechoic lesion of periventricular leukomalacia 
occurred in 5 of these 12 preterm newborn (40%). The 


degree and duration of the newborn metabolic acidosis ` 


are important. In all four cases of newborn metabolic 
acidosis with a buffer base value of <30 mmol/L and 
duration >6 hours a hyperechoic ultrasonographic le- 
sion developed. However, a hyperechoic ultrasono- 
graphic lesion developed in only one of the eight cases 
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of newborn metabolic acidosis with a buffer base value 
of 34 to 38 mmol/L and <6 hours’ duration. This im- 
plies that this milder degree of metabolic acidosis may 
not presage the development of periventricular leu- 
komalacia unless other factors, such as compromised 
cerebral blood flow, are present. 

Thus the findings in this study suggest that intra- 
partum fetal asphyxia, although an infrequent occur- 
rence in the preterm newborn, may account for a few 
cases of periventricular leukomalacia. Preterm new- 
born metabolic acidosis is a more common derange- 
ment. When of sufficient degree and duration, it carries 
a high risk of the development of periventricular leu- 
komalacia. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. Preston V. Dits, Ann Arbor, Michigan. This 
is an interesting article continuing the long series of 
published reports and the dedicated interest by Dr. Low 
in the problem of neurologically damaged newborns. 
This study attempts to establish a relationship between 
fetal acidosis as demonstrated by abnormalities in cord 
blood taken at birth and newborn acidosis as demon- 
strated by serial blood analyses in the newborn period 
with severe periventricular leukomalacia in premature 
babies. I think, as I am sure most of us do, such a 
relationship exists. Unfortunately, I do not think the 
presentation as given makes such an association. 
However, I do think the data are probably available 
and that Dr. Low can answer some of the important 
questions. 

One hundred twenty babies were studied, all born at 
<34 weeks’ gestation. Sixty-one were <1500 gm and 
59 were >1500 gm. Unfortunately, no range of weight 
is given for these babies nor is a median or any other 
such data. No time frame is presented. There is no 
assurance that all such babies are in the study or that 
some selection process did not take place. In the ab- 
sence of these reassuring references, one is uncertain 
concerning the validity of the conclusions. Since the 
highest incidence of periventricular leukomalacia oc- 
curs at <28 weeks’ gestation,' it is vital that we know 
how many of these babies were born before 28 weeks 
and if they were the affected ones. 

Fifteen of these babies had acidosis, We are relatively 
assured that others were normal but have no data con- 
cerning them. The criteria for establishing acidosis 
were developed from 35 cases of uncomplicated pre- 
maturity in this study. We are not given data to allow 
us to know if they are comparable in weight, gestational 
age, etc. One wonders why only 35 were studied and 
not the remaining 70. Was there some difference or 
were the data just not availabile, which makes the entire 
study suspect? 

Ultrasonographic examinations were obtained on 
days 1, 4, 7, and 30 and at 3 or 6 months with an average 
of five examinations. Since five is the number required, 
it is obvious some had fewer than five and, obviously, 
many had more than five. With the average at five, one 
wonders how few examinations some of these affected 
babies may have had and if it makes a difference. Since 
the sensitivity of ultrasonography in looking for peri- 
ventricular leukomalacia varies from 61% to 91% and 
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the specificity from 78% to 97%,” I have some difficulty 
with the data as presented. Was ultrasonographic ex- 
amination done on the normal infants? Do we have any 
idea what the incidence of abnormal ultrasonographic 
findings is in babies who are apparently normal? I could 
not find this answer in any of the references provided 
by Dr. Low. 

One of three babies who was acidotic at birth had an 
abnormal ultrasonographic examination. Five of 12 ba- 
bies who were acidotic during the neonatal period had 
an abnormal ultrasonographic examination. We are not 
told whether the 12 babies who were acidotic in the 
neonatal period include the three found to be acidotic 
at birth. This might change the outcome somewhat. 

In summary, this is an interesting article. It presents 
conclusions I would like to believe. However, in the 
absence of answers to all the questions above and any 
questions that might be raised by those answers, I can- 
not feel that Dr. Low has proved his point. 
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Dr. THOMAS H. KIRSCHBAUM, Los Angeles, Califor- 
nia. Dr. Low, I want to put on the record what I told 
you personally a couple of times, that I think your 
approach, which is to judge obstetric management on 
the basis of long-term evaluation of newborns con- 
ducted within the responsibility of the obstetrics de- 
partment, is singular and has produced data of re- 
markable value to us. I’d like to ask you if you have 
looked at what is happening in terms of nuclear mag- 
netic resonance and positron emission spectra in the 
brains of newborns. Those techniques show two phases 
of injury: the first is relatively acute, generating changes 
in phosphocreatinine and inorganic phosphate, from 
which one can calculate pH changes; then there is a 
second, delayed period of irreversible brain injury. I 
think your data are at least compatible with this sort of 
pattern. 

The point is that none of these changes are associated 
with changes in cardiovascular and respiratory mea- 
surements. 

I think it is quite likely that the whole field has to be 
reinvestigated with those physical techniques in order 
for us to understand the cytopathologic features of 
brain injury. 

Dr. EDWARD J. QUILLIGAN, Irvine, California. I, too, 
enjoyed the article very much, and I think it is the 
method that should be used in long-term evaluation of 
fetuses; otherwise we are never going to understand 
the problems. 

The question I have is the following: In the baby who 
was acidotic at the time of delivery, when was that leu- 
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komalacia first identified? Was it identified in the first 

ultrasonographic examination, and if so, when was that 

ultrasonogram taken after birth? The changes may 
have occurred before birth and the acidosis may just 
be reflecting the labor process. 

Dr. MORTIMER G. RosEN, New York, New York. I, 
too, would like to add a few words complimenting you. 
We have discussed your work over the years. You have 
a tremendous series of articles in an area of critical 
interest. : 

I would comment first on your hypothesis, though, 
and wonder if you would accept an alternate specu- 
lation. 

I think that the acidosis requires treatment and that 
it may be in the treatment induction phase that the 
injury occurs, not with the onset of acidosis itself. 

For example, in the nurseries at Columbia Hospital, 
the incidence of intraventricular hemorrhage in the 
very lowest birth weight babies is probably the lowest 
incidence in the United States within each weight 
group. The singular difference in the nurseries run by 
Dr. Driscoll and Dr. James is the method of resuscitating 
. the babies. They may have an extremely low incidence 

of the use of continuous positive airway pressure and 
a very different method of ventilating the infants. 

The second example comes from a series of animal 
studies that suggests that in the resuscitation phase of 
the animal studies intracellular metabolism is different. 
There would appear to be an excess of acid radicals 
that may be detrimental to the cell itself, and the 
amount of oxygen that the cells can use in the treatment 
phase is an excess. This again suggests that in the treat- 
ment we may be creating a problem that we are trying 
to remove. 

I again compliment you on a remarkable study. I 
would make one other point. I think the term periven- 
tricular malacia or encephalomalacia as it was coined by 
Drs. Banker and Larouch, is a term that should not be 
used any more. The hemorrhages occur throughout 
the brain and beyond the ventricular areas. 

' Dr. Haroip SCHULMAN, Mineola, New York. I have 
one question. In the newborns that had prolonged 
acidosis, was that because they were refractory to ther- 
apy or because the acidosis wasn’t identified as being 
so? 

Dr. Low (Closing). I wish to thank Dr. Dilts for his 
comments and questions. This study population rep- 
resents 60% of the preterm babies under 1500 gm and 
40% of the preterm babies between 1500 and 2000 gm 
delivered in our unit and are, in general, reflective of 
our population. 

Fetal blood gas analysis was performed in all cases at 
delivery and periodic serial measures were obtained 
throughout the newborn period.-The frequency of ob- 
servations, approximately every 4 hours in the peri- 
ventricular leukomalacia group, was greater than in 


April 1990 
Am J Obstet Gynecol 


many of the less compromised newborns; however, rep- 
resentative serial samples were obtained in all cases. 
The criterion for fetal metabolic acidosis, an umbilical 
artery buffer base value <34 mmol/L, was established 
in our laboratory a number of years ago (see reference - 
2 of the article). There are no conventional criteria for 
a significant newborn metabolic acidosis. The criterion 
used in this study, a buffer base value <38.0 mmol/L, 
represents 2 SD below the mean of newborn blood gas 
analysis of a reference population (uncomplicated) of 
preterm newborns in our center. 

The minimum number of ultrasonographic exami- 
nations in newborns in this study was three. Although 
we endeavored to follow a uniform protocol, this was 
not always achieved because of clinical circumstances 
or ethical constraints. Some particularly smaller hy- 
perechoic lesions may have been missed. 

Dr. Dilts commented that most periventricular leu- 
komalacia occurs at <28 weeks. However, in this series 
four of the six newborns with periventricular leuko- 
malacia were >1000 gm and two were >1500 gm. 

Dr. Quilligan inquired in regard to the timing of the 
periventricular leukomalacia after the episode of in- 
trapartum fetal asphyxia. The initial ultrasonographic 
examination obtained 18 hours after delivery demon- 
strated evidence of a hyperechoic lesion that pro- 
gressed to become a more extensive lesion at 96 hours. 
This sequence led to the speculation that the intrapar- 
tum fetal asphyxia may have contributed to the peri- 
ventricular leukomalacia. , 

Magnetic resonance imaging as suggested by Dr. 
Kirschbaum may provide valuable insight into the 
pathophysiologic features of this neuropathologic con- 
dition in the future. We have no experience with these 
more sophisticated imaging techniques at this time. Our 
current focus has been in regard to fetal and newborn 
blood gas and cardiovascular function. 

Dr. Rosen raised the important question of the sig- 
nificance of treatment, such as mechanical ventilation, 
in the occurrence of these lesions. Our colleagues in 
neonatology are observing a decreasing incidence par- 
ticularly of germinal matrix hemorrhage with careful 
attention to management protocols. Our observations 
suggest that hypotension and hypoxemia may be im- 
portant factors. Management protocols may contribute 
to or accentuate these mechanisms. We perceive met- 
abolic acidosis as a marker of a severe process and a 
valuable predictor of periventricular leukomalacia ir- 
respective of the mechanism that has led to its occur- 
rence. i 

In response to Dr. Schulman, the prolonged meta- 
bolic acidosis observed in these newborns represented 
metabolic acidosis that was intractable or responded 
slowly to the interventions of the responsible physi- 
cians. . 
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DPAtT —5.9% -1.4% 
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Distal Radius 40.2 39.5 39.6 

SPA** -1.6% -0.8% 

(Units) n=6 
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BRIEF SUMMARY 


SYNAREL® Nasal Solution contains nafarelin acetate (2 mg/mL, expressed as nafarelin base), benzalkonium chlor, 
| acetic acid, sodium hydroxide or hydrochloric acid, sorbitol, and purified water. 

INDICATIONS AND USAGE: For management of endometriosis. Experience is limited to women 18 years and ole 
treated for 6 months. 

CONTRAINDICATIONS: Hypersensitivity to GnRH, GnRH agonist analogs or any excipients in SYNAREL; und 
nosed abnormal vaginal bleeding; pregnancy or possibility of pregnancy while taking the drug because SYNAREL rr 
cause fetal harm when administered to a pregnant woman. If SYNAREL is used during pregnancy or if the patie 
becomes pregnant while taking this drug, she should be apprised of the potential hazard to the fetus; use in women w 
are breast feeding. 

WARNINGS: Safe use in pregnancy has not been established clinically. Before starting treatment pr 
nancy must be excluded. 

When used regularly at the recommended dose, SYNAREL usually inhibits ovulation and stops menstruation. Con 
ception is not insured, particularly if patients miss successive doses. Therefore, patients should use nonhormonal c 
traception. Advise patients to see their physician if they believe they may be ae ag If a patient becomes pregn 
during treatment, discontinue the drug; apprise patient of the potential risk to the fetus. 

PRECAUTIONS Information for Patients: 1. Since menstruation should stop with SYNAREL, the patient shor 
ooy or physician if regular menstruation persists. Patients missing successive doses may experience breakthrov 

eding. 

2. Patients should not use SYNAREL if pregnant, breast feeding, have undiagnosed abnormal vaginal bleeding, or i 
allergic to any of its ingredients. 

3. Safe use in pregnancy has not been established. Therefore, a nonhormonal method of contraception should 
used during treatment. If a patient becomes pregnant during treatment, she should discontinue the drug and cons 
her physician. 

4. Adverse events occurring most frequently in clinical studies are associated with hypoestrogenism. Nasal irritat 
occurred in about 10% of patients. 

5. Induced hypoestrogenic state results in a small loss in bone density over a 6-month treatment course. Some of t 
loss may not be reversible. During one six-month treatment period, this should not be important. In patients with ma 
risk factors for decreased bone mineral content, i.e., chronic alcohol and/or tobacco use, strong family history 
osteoporosis, or chronic use of drugs that can reduce bone mass such as anticonvulsants or corticosteroids, SYNA\ 
May pose additional risk. In these patients risks and benefits must be weighed carefully. Repeated courses of treatm 
with GnRH analogs are not advisable in patients with major risk factors for loss of bone mineral content 

6. Patients with intercurrent rhinitis should consult their physician for use of a topical nasal decongestant. If a topi 
nasal decongestant is required during treatment, it must be used at least 30 minutes after SYNAREL dosing to decres 
the possibility of reducing drug absorption. 

7. Retreatment cannot be recommended since safety data beyond 6 months are not available. 

Drug Interactions: No pharmacokinetic-based drug-drug interaction studies have been conducted. Nafarelin ace 
is a peptide primarily degraded by peptidase and not by cytochrome P-450 enzymes, and is only about 80% bount 
plasma proteins at 4°C; therefore drug interactions would not be expected to occur. 

Drug/Laboratory Test Interactions: SYNAREL in therapeutic doses suppresses the pituitary-gonadal system. 
mal function is usually restored 4-8 weeks after treatment is discontinued. Therefore, diagnostic tests of pituit 
—_- and gonadal functions during treatment and up to 4-8 weeks after discontinuation of SYNAREL may 
misleading. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenicity studies were conducted in rats a 
mice at intramuscular doses up to 110 times and 560 times the maximum recommended human intranasal de 
respectively. These multiples of the human dose are based on the relative bioavailability of the drug by the two routes 
administration. As with other GnRH agonists, nafarelin acetate given to laboratory rodents at high doses for prolong 
periods induced hyperplasia and/or neoplasia of endocrine organs. At 24 months, there was an increase in the incides 
of pituitary tumors (adenoma/carcinoma) in high-dose female rats and a dose-related increase in male rats. There w 
an increase in pancreatic islet cell adenomas in both sexes, and in benign testicular and ovarian tumors in the treat 
groups. There was a dose-related increase in benign adrenal medullary tumors in treated female rats. In mice, there w 
a. dose-related increase in Harderian gland tumors in males and an increase in pituitary adenomas in high-dose feme 
No metastases of these tumors were observed. It is known that tumorigenicity in rodents is particularly sensitive 
hormonal stimulation. 

Mutagenicity studies using bacterial, yeast, and mammalian systems provided no evidence of mutagenic poter 

Reproduction studies in male and female rats have shown full reversibility of fertility suppression when treatment w 
discontinued after continuous administration for up to 6 months. 

Pregnancy, Teratogenic Effects: nancy Category X. Intramuscular SYNAREL was administered to m 
throughout gestation at about 0.5, 2, and 7 times the maximum recommended human intranasal dose based on 

relative bioavailability by the two routes of administration. An increase in major fetal abnormalities was seen in 4 
fetuses at the highest dose. A similar study at the same doses in rats and studies in mice and rabbits at doses up to € 
ug/kg/day and 0.18 .g/kg/day, respectively, failed to demonstrate an increase in fetal abnormalities after administrat 
throughout gestation. In rats and rabbits, there was a dose-related increase in fetal mortality and a decrease in f 
weight with the highest dose. 

Nursing Mothers: It is not known whether SYNAREL is excreted in human milk. Because many drugs are excrete 
human milk, and because the effects of SYNAREL on lactation and/or the breastfed child have not been determi» 
SYNAREL should not be used by nursing mothers. 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: The most frequently reported adverse reactions were those related to hypoestrogenisrr 
controlled studies comparing SYNAREL (400 g/day) and danazol (600 or 800 mg/day), the following adverse r 

tions were most frequently reported and thought to be drug-related. 

Hypoestrogenic: hot flashes (SYNAREL 90%, danazol 69%), decreased libido (22%, 7%), vaginal dryness yi 
7%), headaches (19%, 21%), emotional lability (15%, 18%), insomnia (8%, 4%); Androgenic: acne (13%, 2( 

myalgia (10%, 23%), reduced breast size (10%, 16%), edema (8%, 23%), seborrhea (8%, 17%), weight gain (« 
28%), hirsutism (Et, 630) eco libido (1%, 6%); Local: nasal irritation (10%, 3%); Miscellaneous: depressi 
(2%, 5%), re loss (1%, 3%). 

Less than 1% of patients experienced paresthesia, palpitations, chloasma, maculopapular rash, eye pain, urtica 
asthenia, lactation, breast engorgement, and arthralgia. In clinical trials, immediate hypersensitivity thought to be p 
sibly or probably related to nafarelin occurred in 3 am) of 1509 healthy subjects or patients. 

Changes in Bone Density: After 6 months treatment vertebral trabecular bone density and total vertebral bone m 
measured by quantitative computed tomography (QCT), decreased by an average of 8.7% and 4.3%, respectively, c 
pared to pretreatment levels. There was partial recovery of bone density post-treatment; the average trabecular be 
density and total bone mass were 4.9% and 3.3% less than pretreatment levels, respectively. Total vertebral bone me 
measured by dual photon absorptiometry (DPA), decreased by a mean of 5.9% at end of treatment. Mean total verte» 
mass, re-examined by DPA 6 months post-treatment, was 1.4% below pretreatment levels. There was little, if 
decrease in the mineral content in compact bone of the distal radius and second metacarpal. Use for longer than 
recommended 6 months or in presence of other known risk factors for decreased bone mineral content may cause ¢ 
tional bone loss. 

Changes in Laboratory Values: Plasma enzymes. During clinical trials SGOT and SGPT levels were more than tw 
the upper limit of normal in only one patient each. There was no other evidence of abnormal liver function and lew 
returned to normal after treatment was stopped. 

Lipids. At enrollment and at end of treatment, 9% of patients on SYNAREL 400 „g/day and 2% on danazol had " 
cholesterol values above 250 mg/dL 

Of those with pretreatment cholesterol values below 250 mg/dL, 6% on SYNAREL and 18% on danazol had pi 
treatment values above 250 mg/dL. 

Mean (+SEM) — values for total cholesterol from all patients were 191.8 (4.3) mg/dL in the SYNAF 
group and 1931 (4! ope in the danazol group. At the end of treatment, mean values from all patients were 204.5 (« 
mg/dL in the SYNAREL group and 2077 (51) mg/dL in the danazol group. These increases from pretreatment val 
were significant (p < 0.05) in both groups. 

Triglycerides were increased above the upper limit of 150 mg/dL in 12% of the patients on SYNAREL and in 7% off 
patients on danazol. 

At the end of treatment, no patients on SYNAREL had abnormally low HDL cholesterol fractions ( < 30 mg/dL) c 
pared with 43% of patients on danazol. No patients on SYNAREL had abnormally high LDL cholesterol fracti 
(> 190 mg/dL) compared with 15% of those on danazol. There was no increase in the LDL/HDL ratio in patients 
SYNAREL, but approximately a 2-fold increase in the LDL/HDL ratio in patients on danazol 
Other changes. In comparative studies, the following changes were seen in approximately 10% to 15% of patie 
SYNAREL was associated with elevations of plasma phosphorous and eosinophil counts, and decreases in sem 
calcium and WBC counts. Danazol therapy was associated with an increase of hematocrit and WBC. 
OVERDOSAGE: At present there is no clinical evidence of adverse effects following overdosage of GnRH analc 
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Clinical Opinion 


Is office use of vaginal ultrasonography feasible? 


Ilan E. Timor-Tritsch, MD 
New York, New York 


Technical advances involving ultrasonographic equipment in the last years enabled the wide use of the 
high-resolution, 5.0 to 7.5 MHz transducers as endovaginal probes. The clear images produced are easy 
to interpret and, if obtained at the same time, can be used effectively to complement a routine bimanual 
pelvic examination. Formal teaching of the technique is imperative. This should be done by means of 
incorporating ultrasonography, in general, and transvaginal sonography, in particular, in formal residency 
training. The reasons for incorporating transvaginal sonographic examination in the standard pelvic 
examination done in the office or the emergency room are discussed. (AM J OBSTET GYNECOL 


1990;162:983-5.). 


Key words: Office ultrasonography; pelvic examination; education, medical 


It has been a long and exhausting journey for vaginal 
sonography over the last years. Those who used the 
technology and observed the crisp and clear images 
produced by-the new scanning equipment became ex- 
cited about the diagnostic potential.'* The vaginal so- 
nographers never envisioned the difficulty they would 
encounter in sharing this information with fellow phy- 
siclans and abdominal sonographers. Journal editors 
requested statistical data on the exact difference and 
usefulness of this new information when compared 
with that information obtained by the classical transab- 
dominal imaging method. Descriptive articles have al- 
ways had particular disadvantage in the unforgiving 
and somewhat rigid publishing environment. In some 
cases it is not statistical data alone but a convincing, 
clear, self-explanatory image that will provide the rel- 
evant message for a scientific observation. This was, and 
in several aspects still is, the case in the acceptance of 
the vaginal route for sonographic scanning of the 
pelvis. 

Long before the first articles describing and evalu- 
ating this method were accepted for publication, its 
clinical acceptance became widespread, because of an- 
ecdotal description of its imaging quality. An exponen- 
tially increasing number of courses presenting and 
teaching the technique is evidence of the growing 
awareness of this imaging route. There is hardly an 
academic institution, obstetric-gynecologic society, or 
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resident education program that has not incorporated 
a speaker or a lecturer to enlighten their audience on 
vaginal sonography. Today, the best-attended ultraso- 
nography courses are on this subject. National and in- | 
ternational meetings devote considerable time to ac- 
commodate the growing flow of abstracts on this sub- 
ject. Finally, the scientific journals (usually having a 
“latency period” of 1 year) are showing their interest 
and approval of the subject. We might say “Better later 
than never”! 


` Why is vaginal sonography important? 

The ultimate answer of course is because clear images 
are produced, thereby facilitating an accurate diagnosis 
that leads to appropriate and rapid treatment at an 
earlier stage and in smaller structures.** I will not ex- 
pand on the basic physics through which we obtain a 
crisp image; however, one must understand that the 
sound emitted through the transducer crystal, placed 
near the pelvic organs, is not hindered by a thick layer 
of tissue (i.e., the abdominal wall) or by traveling a large 
distance to these organs. Thus the use of higher fre- 
quencies is possible.”*® This is the key factor to obtaining 
higher lateral and axial resolution leading to the cre- 
ation of a high-resolution image on screen. 


Why should all obstetrician-gynecologists use a 

vaginal probe? 

The vaginal probe can be set up at the side of the 
examining table in the office and used when the patient 
is still on the examining table. As such, it has the ability 
to confirm or rule out the most commonly encountered 
diagnoses. The bulk of the problems raised throughout. _ 
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a morning or afternoon session in the office are simple 
ones: Is there: early pregnancy (yes or no)? Are 
embryonic-fetal heartbeats present or absent? Is the 
pregnancy in the uterus? Is it a singleton pregnancy? 
Is the uterus enlarged (fibroids?) or is it an ovary? Is 
there fluid in the pelvis? Is the cervix dilated? (short? 
effaced?) What is the size of the follicle? Is theré a cyst 
in the adnexa? The answer to all of these commonly 
occurring questions becomes exceptionally simple by 
inserting the vaginal probe immediately after the biman- 
ual pelvic examination.. The sonographic iniages of all 
the above-mentioned entities are clear and obvious. 

There has never been a better clinical time to incor- 
porate the vaginal scan with the bimanual examination 
of the pelvis as part of the office examination. All com- 
ponents for its successful adaptation as ‘routine office 
procedure are existent and include: (1) relatively i in- 
expensive and portable machines equipped with both 
abdominal and vaginal probes; (2) educational courses, 
which are widespread and held frequently throughout 
the .county, including hands-on courses offered by 
many laboratories; (3) vaginal sonography added by 
numerous medical centers as an additional means of 
pelvic, sonography, . which provides resources for a 
backup scan or a consultation; (4) books and manuals 
on vaginal sonography, which are widely published. 
This represents a reference source for all those per- 
forming office scans. ' 

When bimanual examination of the. patient reveals 
suspected pelvic abnormality, an immediate and close 
imaging workup can be done. This follows the previ- 
ously: used palpating fingers and is directed exactly at 
the site of the’ finding, while the “abdominal hand” 
stabilizes the structures. It is as though an examining 
eye were on the fingertips. This i imaging modality sud- 
` denly improves the physician’ s ability to evaluate the 
pelvis, thus enhancing the quality and speed of this 
evaluation. Unnecessary patient arixiety and precious 
time can be saved and appropriate treatment can be 
instituted without delay. 

Vaginal sonography can, at times, replace an inade- 
quate bimanual examination..This is particularly so in 
a patient who tenses the abdominal muscles to guard 
a tender pelvis or in a patient who is simply obese. 
Admittedly, a significant number of patients do not 
lend themselves to meaningful palpatory pelvic ex- 
amination. Regardless of what is written is the patient’s 
chart to document such an examination, our tacit un- 
derstanding in these cases is the patient could not be 
evaluated adequately, even with the use of well-known 
laboratory tools to compensate for the lack of tactility 
in the pelvis. The vaginal ultrasonographic probe 
would furnish information in the vast majority of these 
cases. 
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Training in the use of the vaginal probe 

Several issues should be considered in this regard. 

Theoretical versus practical courses. Theoretical 
courses are clearly not sufficient to begin using the 
probe. However, theoretical courses should be taken as 
the basis for and to precede a practical training period. 
Hands-on experience is necessary. This is even more im- 
portant if the user has had no paevouee abdominal so- 
nographic experience. 

The length of practical experience. The purpose of 
practical experience is to familiarize the scanner with 
a clear orientation in the pelvis and to enable recog- 


_ nition of the “landmarks,” as well as the normal organs 


within the pelvis (large blood vessels, rectum, bladder, 
uretus, ovaries). The ultimate intent is not to visualize 
all possible abnormalities but rather to experience the 
normal pelvis with its different sonolucéncies and echo- 
genicities. 

Residency programs are the most natural opportu- 
nities in which to learn ultrasonography, in general, 
and, vaginal scanning, in particular. Sonographic im- 
aging should be an integral part of the obstetric- 
gynecologic residency training. The training should be- 
gin during the first year—preferably before the resi- 
dents are compelled to use this imaging modility in the 
delivery suite at night, on their own, without proper 
supervision and teacong Unfortunately, this is still 
the way residents “train” in abdominal sonography. 
“Teaching” is done by a more senior resident, who, at 
best, has been introduced to the “mysteries” of this 
important laboratory tool in a similar nonformal 
manner. l S 

It is time to consider ultrasonography as an integral 
part-of the diagnostic algorithm and elevate it from its 
clandestine and dilettante use (or even misuse!) to its 
rightful place—the ‘right hand of most subspecialties 
of obstetrics and gynecology. - 

It is well known that bimanual examinations alone 
done by obstetricians and gynecologists have a relatively 
low diagnostic yield. Expectations to establish a diag- 
nosis and institute therapy on the basis of bimanual 
examinations alone should therefore be low. It seems 
illogical and almost ludicrous to think that liability will 
be increased by using a device that has already been 
demonstrated to have a high diagnostic capability, 
which is compounded when used in conjunction with 
a pelvic examination. 

Our department adopted the oilers teaching of 
sonography as an integral part of residency education. 
This is scheduled in the first year of the program. It is 
important to complete the ultrasonography rotation 
early in the residency program, to enable this diagnostic 
skill to be successfully incorporated in the daily practice 
of obstetrics and gynecology. 
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Anecdotal conversations with obstetrics and gyne- 
cology practitioners using the vaginal probe in their 
offices or with our own residents who have access to 
the vaginal probe during night calls ‘have verified that, 
after a certain period of adjustment and learning, they 
came to depend on vaginal sonography to the extent 
that they could not imagine practicing without it. Its 
use was particularly effective in the triage of patients 
requiring prompt attention in the emergency room. 

The time is fast approaching when failure to use the 
‘vaginal probe will be considered inadequate clinical 
practice. 


Comment 


` Considering the advantages of vaginal scanning and 
that it can be taught in a formal way throughout resi- 
dency training programs, it is my firm belief that the 
office use of vaginal sonography is not only feasible 
but, because of its importance, inevitable. Sooner or 
later it will become the standard in obstetric and gy- 
necologic patient care. 
I appeal to heads of obstetrics and gynecology de- 
partments and directors of ultrasound units, as well as 
coordinators of obstetrics and gynecology residency 


and fellowship programs, to provide their residents - 


with a proper and formal exposure to ultrasonography 
and, in particular, to vaginal scanning. 

I also appeal to all residents and fellows to be recep- 
tive and open-minded and acquire proficiency in this 
diagnostic modality as part of their clinical diagnostic 
skills during their residency years. Once these years are 
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passed, it becomes difficult and expensive to catch up 
and attend a 2- or 3-day course, followed up by a hands- 
on experience of perhaps a week, to become acquainted 
with this procedure. 

The American Institute of Ultrasound in Medicine, 
the American College of Obstetricians and Gynecolo- 
gists, and the Council on Resident Education in Ob- 
stetrics and Gynecology should compile, implement, 
and supervise ground rules for a proper and sufficient 
education within residency programs rather than warn 
against misuse and liability! 
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Clinical Articles 


Fatal pulmonary embolism during legal induced abortion in the 


United States from 1972 to 1985 


Herschel W. Lawson, MD, Hani K. Atrash, MD, MPH, and Adele L. Franks, MD 


Atlanta, Georgia 


To determine the risk factors for abortion-related deaths caused by pulmonary embolism, we investigated 
all deaths from legal abortions in the United States from 1972 through 1985. Of 213 deaths, 45 (21%) 
were due to air, blood clot, or amniotic fluid embolism. The risk of embolism death was higher among 
minority women and older women (34 to 44 years). Our analysis revealed that curettage at =21 weeks 
and abortions at <12 weeks, regardless of method, were both associated with the least risk of embolism 
death. In comparing 1972 to 1978 and 1979 to 1985, we found that the embolism mortality rate decreased 
79%. During 1979 to 1985, the number of abortions performed by noncurettage methods decreased 58%, 
possibly as a result of earlier abortion morbidity studies, which showed that these methods carried a 
greater risk of complications. Although a decrease in mortality rates may be partially attributable to the 
declining use of these methods, our analysis suggests that changes in methods over time have not been 
universally applied to all racial groups. (AM J OBSTET GYNECOL 1990;162:986-90.) 


Key words: Abortion, mortality, pulmonary:embolism 


Recent maternal mortality studies have shown that 
pulmonary embolism is the leading cause of maternal 
death in the United States." Likewise, a recent study 
of mortality from legal abortions reported that pul- 
monary embolism is the leading cause of death asso- 
ciated with legal induced abortion.’ Because scant in- 
formiation exists on abortion-related deaths from em- 
bolism, little can be suggested to prevent those deaths. 
Therefore we reviewed all legal abortion—related 
deaths from pulmonary embolism reported to the Cen- 
ters for Disease Control (CDC) from 1972 through 
1985 to determine the incidence, trends, and risk fac- 
tors for such deaths. We present the results of that 
review and update previously published information 
on amniotic fluid embolism associated with legally in- 
duced abortion. Throughout this article, the terms 
“embolism” and “pulmonary embolism” are used in- 
terchangeably. - 


Material and methods 


All deaths were identified through CDC’s nationwide 
surveillance of abortion-related deaths. This surveil- 


From the Pregnancy and Infant Health Branch, Division of Repro- 
ductive Health, Center for Chronic Disease Prevention and Health 
Promotion, Centers for Disease Control. 

Received for publication September 5, 1989; revised November 29, 
1989; accepted December 29, 1989. 


Reprint requests: Herschel W. Lawson, MD, Centers for Disease Con- i 


trol, 1600 Clifton Rd., Mailstop C06, Atlanta, GA 30333. 
611119143 


986 


lance system, which was begun in 1972, identifies deaths - 
from multiple sources, including (1) vital records main- 
tained by the National Center for Health Statistics; (2) 
state health departments; (3) state maternal mortality 
committees; (4) the Commission on Professional and 
Hospital Activities; (5) published cases; and (6) private 
sources, such as physicians, private citizens, and news- 
paper reports. ` 

Induced abortion is defined as a procedure intended 
to terminate a known or suspected intrauterine preg- 
nancy at any gestational age to produce a nonviable 
fetus. A legal abortion is defined as an induced abortion 
performed by a licensed physician or a person under 
the supervision of a licensed physician. A case of fatal 
pulmonary embolism is defined as either one docu- 
mented by imaging methods before death or during 


. autopsy or one in which the patient had symptoms and 


signs often associated with pulmonary embolism (i.e., 
sudden respiratory distress, cardiovascular collapse, or 
coma) with no. other cause of death found during au- 
topsy.“ For those deaths in which an autopsy or imaging 
studies were not performed, the diagnosis was made 
on clinical features alone. All reported deaths from 
legal induced abortion from thrombotic, air, and am- 
niotic fluid embolism were included in the study. De- 
nominators for calculating embolism mortality rates 
consisted of all reported legal abortions derived from 
CDC’s abortion surveillance system for 1972 through 
1985. The rates are reported as legal abortion—related 
embolism deaths per million abortions. 
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Table I. Cases of embolism death related to legal abortion in the United States from 1972 to. 1985 
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72 16 16 AFE Saline Unknown : 
72 23 >` 16 AFE . Saline Y Y During Hypertension 
72 25 09 Air Suction After 
72 21 23 AFE Saline After Asthma 
72 18 11 Air Unknown Unknown 
72 29 20. AFE Saline Y. After 
73 19 15 PE Vaginal prosta- Y After 
glandin 
73 35 10 PE Suction After 
73 20 > 17 AFE Saline Y During 
73 20 19 AFE Saline After Marfan’s syndrome 
73 ` 44 08 PE Hysterectomy Y After Leiomyoma 
73 37 13 PE Hysterotomy After Leiomyoma 
73 20 18 PE Saline Y After 
74 31 10 PE Suction After 
74 22 34 AFE Saline Y During 
74 35 18 PE Saline Y After 
74 19 20 AFE Prostaglandin After Heart disease 
74 17 10 PE Suction Y After 
74 20 20 AFE Saline Y Before 
74 22 10 PE Suction Y After Obesity 
75 31 08 PE Suction Y After Hodgkin’s disease 
75 20 16 AFE Hysterotomy Y During 
75 23 08 -PE Suction -Y After 
75 20 12 PE Suction Y After Heart disease 
75 18 09 Air Suction Y Before 
75 18 25 AFE Suction After 
75 35 12 _PE Suction Y After 
75 23 16 AFE Saline During 
75 20 22 AFE Urea instillation Y After Heart disease 
76 34 18 PE Hysterectomy After Collagen vascular disease 
76 26 13 PE Suction Y After 
77 36 17 PE Prostaglandin Y Unknown Hypertension 
78 21 20 AFE Saline During ; 
78 37 08 PE Suction Y After Seizures 
79 29 20 AFE Saline During Previous CVA 
79 24 23 AFE Saline During Pancreatitis 
79 32 20 AFE Saline ; During 
80 22 16 AFE D&E Y Y After Seizures 
81 21 14 PE D&E Y After 
82 29 PE Unknown Y After 
83 21 23 AFE Saline Y During 
83 28 19 AFE D&E Y During Wilms’ tumor 
84 16 PE Suction Y After 
84 30 lk PE Suction Y, After Obesity 
85 2I 16 Air D&E Y During 





GA, Gestational age; DX, diagnosis; CVA, cerebrovascular accident; AFE, amniotic fluid embolism; PE, pulmonary embolism; 


D & E, dilation and evacuation. 


For our analysis, we categorized a woman’s age at the 
time of abortion as 15 to 19 years, 20 to 24 years, 25 
to 29 years, 30 to 34 years, or 35 to 44 years. Gestational 
age was divided into three groups: (1) =12 weeks, (2) 
13 to 15 weeks, and (3) =16 weeks. We divided abor- 
tion methods into three groups: curettage, instillation 
procedures, and hysteréctomy/hysterotomy. Curettage 
performed at 13 weeks and beyond was considered 
dilation and evacuation. Methods classified as other 
were excluded from the study. To compare 1972 
through 1978 and 1979 through 1985, we categorized 
the women’s ages into two groups: 15 to 24 years and 
25 to 44 years. We divided gestational age at the time 
of abortion into two groups: =12 weeks and =13 weeks, 
and we divided abortion methods into two groups: cu- 
rettage and instillation and hysterectomy/hysterotomy. 


To analyze gestational age and method by race when 
no appropriate denominators were available for 1972 
through 1985, we used a Poisson distribution to com- 
pare the observed number of embolism deaths among 
women of black and other races with the expected num- 
ber based on the distribution of deaths among white 
women. Statistical significance of this comparison was 
tested with Fisher’s exact method. 

Because gestational age and method are somewhat 
interrelated and yet each may independently affect the 


. risk of embolism death, we stratified our analysis by 


gestational age and method and calculated 95% con- 
fidence intervals around risk ratios by the Woolf 
method.® For this analysis we excluded all abortions 
conducted after 21 weeks’ gestation, because these pro- 
cedures were unlikely to be performed by curettage. 
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Table II. Numbers of embolism deaths, abortions, embolism mortality rates, and risk ratios, with 
95% confidence intervals, by race, age group, gestational age, and method in the United States from 1972 





to 1985 
T a T TN 
Race 
White ~ 23 10,374,147 2.2 1.0 Referent 
Black and other 22 4,757,591 4.6 2.1 (1.5-2.8) 
Age group (yr) 
15-19 8 4,263,429 1.9 1.0 Referent 
20-24 20 5,204,472 3.8 2.0 (1.6-2.6) 
25-29 ; 5 2,948,923 1.7 0.9 (0.5-1.8) 
30-34 6 1,556,692 3.9 2.1 (1.1-3.8) 
35-44 6 986,433 6.1 3.2 (1.8-5.9) 
Gestational age (wk)* 
=12 14 13,484,539 1.0 1.0 Referent 
13-15 5 791,469 6.3 6.1 (2.9-12.9) 
=16 24 833,395 28.8 27.7 (21.8-35.4) 
Method} 
Curettage 19 14,302,277 1.3 1.0 Referent 
Instillation 21 623,819 33.7 25.3 (18.9-34.0) 
H/H 4 24,641 162.3 122.2 (50.1-297.8) 





EMR, Embolism mortality rate; RR, risk ratio; CI, confidence interval; H/H, hysterectomy/hysterotomy. 


*Gestational age unknown for two deaths. 
` +Method unknown for one death. 


Risk ratios are calculated by dividing the rate of one 
group by the rate of a comparison group. Where the 
confidence interval does not include 1.0, the risk ratio 
is considered statistically significant at the p < 0.05 
level. 


Results 


Demographic and clinical characteristics. Overall, 
45 cases of fatal embolism associated with legal induced 
abortion were reported for 1972 through 1985 (Table 
I). Amniotic fluid embolism accounted for 22 cases, 
thrombotic pulmonary embolism for 19, and air em- 
bolism for four. Twenty of these cases were confirmed 
by imaging studies or at autopsy. The women who died 
were primarily young (mean age, 25 years), were white 
(51%), were unmarried (67%), and had their abortions 
during the second trimester of pregnancy (mean ges- 
tational age, 16 weeks). One death occurred after a 
saline solution instillation for delivery of a 35-week 
anencephalic fetus. ‘This death was included in the total 
because it met the CDC definition of induced abortion. 
Eighteen women had preexisting conditions. Nineteen 
women underwent curettage for termination of their 
pregnancies, 21 underwent instillation procedures, 2 
women underwent hysterotomy, and 2 hysterectomy 
(hysterectomy/hysterotomy). The type of anesthesia 
used was known in 24 cases: 15 women had general 
anesthesia, 6 had local, and 2 had other forms, includ- 
ing one spinal block and one intravenous sedation for 
placental removal. The initial presenting symptoms and 
signs included tachycardia (3), cardiopulmonary col- 
lapse (27), hypotension (12), pain (3), seizures (2), and 
vaginal bleeding (5). Symptoms occurred before labor 


or the onset of the procedure in 2 women, during the 
procedure or labor in 10, and after the completion of 
the procedure in 22. Disseminated intravascular co- 
agulation (DIC) was diagnosed in 12 patients. In 11 of 
those 12 patients, DIC occurred during the second 
trimester; eight were associated with instillation pro- 
cedures and four with curettage procedures. Nine cases 
of DIC were associated with amniotic fluid embolism 
and three with pulmonary embolism. 

Epidemiologic characteristics. From 1972 through 
1985, the 45 deaths from embolism represented 21% 
of all legal abortion—related deaths, with an embolism 
mortality rate of 3.0 deaths per million abortions. The 
embolism mortality rate for amniotic fluid embolism 
was 1.5, the rate for thrombotic pulmonary embolism 
was 1.3, and the rate for air embolism was 0.3. 

Women in the older age groups (=30 years) had the 
highest rates; these were significantly elevated com- 
pared with rates among women in the youngest group 
(Table II). 

The embolism mortality rate for women of black and 
other minority races was more than twice that for white 
women (4.6 vs 2.2) (Table ID. The 19 embolism deaths 
among women of black and other minority races during 
the second trimester were a significantly higher number 
(p < 0.01) than the expected number of 9.5. Likewise, 
the 16 embolism deaths attributable to noncurettage 
abortions among women of black and other minority 
races were higher than the expected number of 9.4; 
however, the probability of this difference occurring 
by chance alone was 0.06. 

For the 16-year period, the highest embolism mor- 
tality rates were reported among women undergoing 
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Table III. Numbers of embolism deaths, abortions, embolism mortality rates, and risk ratios with 
95% confidence intervals around risk ratios for gestational age by method in the United States from 1972 


to 1985 
Gestational age l 
(wk) Deathst Abortionst EMR RR (95% Cl) 
<12° 
Curettage 12 13,600,455 . 0.9 1.0 Referent 
Noncurettage* 1 60,290 16.6 ` $ 18.8 (2.9-123.6) 
13-21 
Curettage 5 884,335 5.7 6.4 (3.1-13.4) 
Noncurettage* 18 573,151 31.4 35.6 (26.6-47.7) 


EMR, Embolism mortality rate; RR, risk ratio; CI, confidence interval. 


procedures at or after 16 weeks’ gestation (embolism 
mortality rate = 28.8, Table II). When analyzed by 
method, the rate associated with instillation procedures 
was 33.7 times that of curettage and the rate for death 
resulting from hysterectomy/hysterotomy was 162.3 
times that of curettage (Table II). 

In our stratified analysis of method by gestational 
age, we compared curettage and noncurettage (instil- 
lation and hysterectomy/hysterotomy procedures and 
used curettage at =12 weeks’ gestation as the referent. 
This analysis revealed that noncurettage procedures at 
=12 weeks’ gestation, with an embolism mortality rate 
of 16.6 deaths per million legal abortions, were asso- 
ciated with 18.8 times greater risk of embolism death 
than curettage procedures at =12 weeks (Table III). 
Curettage procedures at 13 to 21 weeks’ gestation, with 
an embolism mortality rate of 5.7 per million, had 6.4 


times the risk of embolism death compared with cu- | 


rettage procedures at =12 weeks, whereas noncuret- 
tage procedures at 13 to 21 weeks gestation with an 
embolism mortality rate of 31.4 deaths per million abor- 
tions had 35.6 times the risk of curettage at <12 weeks. 
From 1972 through 1978, 34 (24%) deaths from legal 
abortions were attributable to embolism, whereas from 
1979 through 1985, 1] (15%) were attributable to em- 
bolism. The embolism mortality rate fell 79%, from 5.6 
embolism deaths per million abortions from 1972 
through 1978 to 1.2 deaths per million from 1979 
through 1985. Between the comparison periods, the 


proportion of deaths from amniotic fluid embolism in- 


creased from 38% to 45%, and the proportion of deaths 
. from thrombotic embolism decreased from 44% to 
36%. 

The embolism mortality rates decreased in an ab- 
solute sense for both race groups over time. However, 
during the comparison periods from 1972 through 
1978 and 1979 through 1985, the risk of embolism 
death among white women decreased 90%, whereas the 
risk among women of black and other minority races 
decreased only 62%. As a result, the risk ratio of em- 
bolism death among women of black and other mi- 
nority races rose almost fourfold, from risk ratio = 1.5 


to 5.8. Embolism mortality rates decreased for all age 
groups, and no changes in relative risk among age 
groups were noted over time. 

When risks of death by gestational age were com- 
pared over time, the 96% decrease in the risk of em- 
bolism death associated with abortions at =12 weeks 
versus the 71% decrease in the risk of embolism death 
associated with abortions at =13 weeks resulted in an 
almost sixfold increase in the relative risk of death as- 
sociated with abortions occurring at 213 weeks’ ges- 
tation, from risk ratio = 12 to 71. 


Comment 


Pulmonary embolism manifests during legal induced 
abortion in a fashion similar to the way it does during 
term delivery: sudden cardiovascular collapse, respi- 
ratory distress, cyanosis, and coma. The symptoms that 
often herald this dramatic event include chills, sweat- 
ing, anxiety, coughing, convulsions, and pulmonary 
edema.’ Of those patients diagnosed as having amniotic 
fluid embolisms, if the initial insult does not immedi- 
ately result in death, approximately 40% are at risk of 
DIC.’ In several abortion-related deaths not included 
in this article, in which intraamniotic instillation of sa- 
line solution was used, amniotic fluid embolism may 
have been the event that began the chain reaction, re- 
sulting in DIC as the ultimate cause of death. Thus our 
measures of risk may be underestimates. The volume 
of amniotic fluid or amniotic fluid debris necessary to 
cause a fatal event has not been established.** '° 

Since the CDC began to collect data on abortion mor- 
tality in 1972, the number of deaths and the case fatality 
rates associated with legal induced abortion have de- 
creased significantly. Although embolism is reported as 
the leading cause of legal abortion—related death, our 
analysis showed that over time, the absolute risk of 
embolism death and the percentage of women dying 
of this condition declined. Contributing to this de- 
crease in part is the large body of epidemiologic data 
on abortion morbidity and mortality collected in the 
United States during the 1970s. These studies found 
that abortions performed during the second trimes- 
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ter of pregnancy carried a higher risk of morbidity 
and mortality than did those performed during the 
first trimester and also that instillation and hysterec- 
tomy/hysterotomy methods increased the risk of mor- 
bidity and mortality over those performed by curettage 
or dilation and evacuation.” '' After these reports, 
physicians’ practices changed, and the numbers of in- 
stillation and hysterectomy/hysterotomy procedures 
declined. Thus the decrease in absolute risk of embo- 
lism death shown by our analysis may be attributed, at 
least in part, to the 58% decrease in the use of instil- 
lation and hysterectomy/hysterotomy methods that oc- 
curred during the comparison periods (1972 through 
1978 and 1979 through 1985)." 

In addition, we found that at all reported gestational 
ages, curettage carries the least risk of embolism death, 
and that regardless of method, abortions at =12 weeks 
carry the least risk of embolism death. Consistent with 
studies of other types of abortion morbidity and mor- 
tality, the risk of embolism death is the lowest for cu- 
rettage abortions through 12 weeks’ gestational age.’ 

Although the risk of embolism death decreased for 
all races over time, the risk decreased more for white 
women than for women of black and other minority 
races. This resulted in an almost fourfold increase in 
the relative risk of embolism death among women of 
black and other minority races. Our results are sugges- 
tive that timing of abortion contributed to the observed 
increase in embolism mortality risk among women of 
black and other minority races, because a higher than 
expected proportion of embolism deaths for these 
women occurred in the second trimester. Although 
women of black and other races are reported to obtain 
less and later pregnancy-related care, further studies 
are necessary to better understand if other reasons for 
the racial disparity in the risk of embolism death exist 
so that effective interventions can be devised.’ '° 
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Vaginal ultrasonographic assessment of cervical length changes 


during normal pregnancy 


Ori Kushnir, MD, Debbie A. Vigil, MD, Luis Izquierdo, MD, Melissa Schiff, MD, and 
Luis B. Curet, MD 


Albuquerque, New Mexico 


We measured the cervical length of 166 normal, gravid patients between 8 and 37 weeks’ gestation by 
vaginal ultrasonography. Patients were assigned to one of five groups according to gestational age at the 
time of the measurements. Cervical length was longest (48 mm) in group 3 (20 to 25 weeks) and 
significantly longer than that of groups 1 (8 to 13 weeks), 2 (14 to 19 weeks), and 5 (32 to 37 weeks). The 
use of vaginal ultrasonography to assess cervical length eliminates some technical problems encountered 
with abdominal ultrasonography. Nomogram of cervical length throughout pregnancy was established. This 


may aid in early diagnosis and management of preterm labor and cervical incompetence. (AM J OBSTET 


GYNECOL 1990;162: 991-3.) 


Key words: Vaginal ultrasonography, cervical length, pregnancy 


Throughout pregnancy the cervix plays an important 
role in maintaining the fetus in utero and preventing 
premature delivery. Currently there are 250,000 pre- 
term deliveries in the United States. The majority of 
these deliveries are caused by preterm labor and cer- 


vical incompetence. Documentation of cervical short- 


ening and dilatation is crucial in the diagnosis and man- 
agement of cervical incompetence and: premature la- 
bor.' Unfortunately, evaluation of the cervix by vaginal 
examination is subjective and inaccurate because ana- 
tomically one half of the cervix is not palpable.? 
Recently there has been much interest in the use of 
abdominal ultrasound examinations to evaluate the cer- 
vix during pregnancy. Several studies have docu- 
mented cervical length to be between 3 and 5.2 cm up 
to 33 weeks’ gestation.*’ The large variation in mean 
cervical lengths reported in these studies reflects several 
problems with the use of abdominal ultrasonography 
for cervical evaluation.’ Many of these problems can be 
overcome with vaginal ultrasonography. The purpose 
of this study is to evaluate cervical length throughout 
normal pregnancy with vaginal ultrasonography. 


Material and methods 


Cervical length was measured by vaginal ultrasonog- 
raphy in 166 patients attending the obstetric clinic at 
the University of New Mexico Hospital. All patients had 
documented first-trimester crown-rump length mea- 
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surements to confirm gestational age. Patients were ex- 
cluded from the study if they had poorly documented 
gestational age, premature rupture of membranes, pre- 
mature delivery, active bleeding, cervical dilatation, 
multiple gestation, or preexisting risk factors for in- 
competent cervix or preterm delivery. 

Vaginal ultrasonography was performed by the prin- 
cipal investigator with an ADR Ultramark IV scanner 
with a 5 MHz transvaginal transducer. After the patient 
emptied her bladder, the examination was done with 
the patient in the dorsal lithotomy position. The vaginal 
probe was covered by a sterile condom. Cervical length 
was measured along the endocervical canal from the 
internal to the external os (Fig. 1). 

Analysis of data. To assess a nonlinear trend in the 
cervical length as a function of gestational age, the ges- 
tational age was divided into five groups, and one-way 
analysis of variance was performed. For significant dif- 
ferences in cervical length at different gestational ages, 
a multiple pairwise comparison of the mean length was 
performed with Fisher’s least significant difference at 
a level of p < 0.05. 


Results 

The study group was composed of 166 healthy, 
gravid patients between 8 and 37 weeks’ gestation. Pa- 
tients were assigned to one of five groups according to 
gestational age at the time of cervical length measure- 
ments. Group 1 was between 8 and 13 weeks’ gestation 
(n = 48), group 2 was between 14 and 19 weeks’ 
(n = 38), group 3 was between 20 and 25 weeks’ 
{n = 24), group 4 was between 26 and 31 weeks’ 
(n = 27), and group 5 was between 32 and 37 weeks’ 
gestation (n = 31). Cervical length was measured with- 
out difficulty in all patients. Fifty patients were pri- 
migravid and 116 were multigravid. The mean age of 
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, Fig. 1. Transvaginal longitudinal scan of the cervix shows internal os (A), external os (B), endocervical 
canal (c), posterior lip of the cervix (4), and anterior lip of cervix, 9. Note amniotic fluid and fetal 
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Fig. 2. OTa of cervical length during pregnancy as mea- 
` sured by vaginal. ultrasonography of 166 women subsequently 
delivered at term. ` 


the patient was 26 years, with a range between 15 and ' 


. 41 years. Theethnic makeup of the group was 52% 


white, 42% Hispanic, 3.6% Native American, and 2.4% 


‘ black. Mean cervical length for each gestational age 
group of primigravid and primiparous women was. not 


significantly different (p = 0.66 and p = 0.68) from: 


‘that of multigravid and multiparous women, respec- 


tively. Cervical length was longest (48.0 mm) in group 


"3, significantly. longer than in groups 1 (43.0 mm), 2 


(44.0 mm), and’5 (40.0 mm). There was no significant 
difference in cervical length between groups ‘3 and 4 


(45.0 mm) (Fig. a 


"+ Comment 


There are several studies that use transabdominal 
ultrasonography for evaluation of cervical length.** 
The study by Ayers et al.* reported a longer mean cer- 


“vical length with transabdominal ultrasonography còm- ` 
‘pared with our study, which uses the transvaginal ap- 


proach: This discrepancy in measurements could be 
explained by technical difficulties with transabdominal 
ultrasonography. The distance between the ultrasound 


‘transducer and the cervix is relatively long. The cervix 


is surrounded by various structures of similar acoustic 
impedence. Accurate measurement of cervical length 
is critically dependent on the degree of bladder filling. 
An empty or insufficiently distended bladder results in 
uterine anteversion and false cervical shortening, 
whereas overdistension compresses the anterior and 
posterior uterine walls leading to false cervical elon- 
gation. Manual compression by the transducer, as well 
as various transducer angles, also changes the appear- 
ance of the cervix. Last, in late pregnancy the fetal skull 
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attenuates the ultrasound echoes, interferring with cer- 
vical measurements in approximately 30% of patients.® 

Transvaginal ultrasonography offers significant ad- 
vantages over the transabdominal approach for mea- 
suring the cervix. Cervical distortion is avoided because 
the vaginal probe is in close proximity to the cervix. A 
full bladder is not required, and the fetal skull does not 
interfere with cervical measurements even in late preg- 
nancy. These advantages of transvaginal ultrasonog- 
raphy may explain our success in measuring the cervix 
of all our patients, as opposed to only 76% success with 
the transabdominal approach.’ 

To date there is no published report of systematic 
evaluation. of the cervix throughout pregnancy with 
vaginal ultrasonography. This study provides cervical 
length measurements in 166 women during the course 
of normal pregnancy. We found that cervical length 
increases progressively up to 20 to 25 weeks’ gestation 
and then decreases significantly at 31 through 37 weeks’ 

„gestation. These findings are consistent with those of 
other sonographic studies. In our study progressive 
effacement and significant cervical shortening were 
found to begin at 32 weeks, similar to results shown by 
Ayers et al.> with abdominal ultrasonography. Our 
study confirms the previous finding” that cervical length 
is not affected by gravidity and parity. 

In conclusion, we have presented a large number of 
measurements of cervical length throughout normal 
pregnancy. These values can be used as normative 
guidelines in future assessments of cervical length dur- 
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ing pregnancy. Furthermore, the use of vaginal ultra- 
sonography to evaluate cervical length accurately may 
aid in diagnosis and management of preterm labor and 
cervical incompetence. We can now apply this norma- 
tive cervical length to active antepartum management 
with the hope of early detection and prevention of pre- 
term deliveries. 
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Vaginal bleeding and diethylstilbestrol exposure during 
pregnancy: Relationship to genital tract clear cell 
adenocarcinoma and vaginal adenosis in daughters 


Gerald B. Sharp, DrPH," and Philip Cole, MD, DrPH? 


Memphis, Tennessee, and Birmingham, Alabama 


Comparing 186 cancer cases and 1772 cancer-free controls and reexamining several previously published 
studies, we found genital tract clear cell adenocarcinoma and vaginal adenosis to be moderately, but 
nonsignificantly, associated with vaginal gestational bleeding when in utero diethylstilbestrol exposure was 
statistically controlled. Considering the prevalence of diethylstilbestrol exposure in the general population, 
the relative risks of vaginal clear cell adenocarcinoma for in utero exposure were 365.6 and 459.0 when 
vaginal bleeding did and did not occur during the index pregnancy, respectively. The relative risks of 
vaginal adenosis for such diethylstilbestrol exposure were 15.4 and 92.8, respectively, for these women. 
The strong associations between in utero diethyistilbestrol exposure and both vaginal adenosis and genital 
tract clear cell adenocarcinoma cannot be attributed to the occurrence of problem pregnancy. However, 
among daughters exposed to diethylstilbestrol, maternal vaginal bleeding during the index pregnancy does 
appear to be associated with reduced risks of vaginal adenosis and vaginal clear cell adenocarcinoma. 


(Am J Oastet GYNECOL. 1990;162:994-1001.) 
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epidemiology 


The use of diethylstilbestrol by pregnant women in- 
creases the risk of vaginal or cervical clear cell adeno- 
carcinoma in female offspring.” The two initial case- 
control studies of vaginal clear cell adenocarcinoma and 
diethylstilbestrol exposure’? have been criticized for 
their failure to control for maternal history of problem 
pregnancy, and critics have continued to. dispute the 
relationship between diethylstilbestrol exposure and 
vaginal clear cell adenocarcinoma.** The speculation is 
that problem pregnancies, which have been linked to 
abnormal pregnancy outcomes, might be related to 
clear cell adenocarcinoma of the genital tract and, thus, 
that diethylstilbestrol might be related to this cancer 
only because it was frequently taken by women expe- 
riencing problem pregnancies. ' 

After an extensive review of the clear cell adenocar- 
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cinoma literature, McFarlane et al.” concluded that the 
“existing evidence of the [diethylstilbestrol]/vaginal 
cancer relation is currently too weak for the causal role 
of [diethylstilbestrol] to be regarded as established.” We 
address this conclusion by describing the relationships 
between vaginal and cervical clear cell adenocarcinoma 
and maternal diethylstilbestrol exposure, while con- 
trolling for two of the major indications for maternal 
diethylstilbestrol therapy. Ours is the first study to com- 
pare diethylstilbestrol-positive and -negative clear cell 
adenocarcinoma cases and controls since the initial 
case-control studies of vaginal and cervical clear cell 
adenocarcinoma.'* Furthermore, estimates of the rel- 
ative risk of genital tract clear cell adenocarcinoma for 
maternal diethylstilbestrol exposure have not been pre- 
viously reported. 

Vaginal adenosis (the presence of columnar epithe- 
lium in the vagina) is strongly associated with both ma- 
ternal diethylstilbestrol exposure and clear cell ade- 
nocarcinoma.” ° In several instances vaginal clear cell 
adenocarcinoma has developed in areas that were pre- 
viously sites of adenosis.’ '* Thus, it seems likely that 
if a mother’s history of problem pregnancy increased 
her daughter’s risk of vaginal clear cell adenocarci- 
noma, such a history would also increase her risk of 
vaginal adenosis. In testing this hypothesis, we provide 
the first estimates of the relative prevalence of vaginal 
adenosis for diethylstilbestrol exposure adjusted for 
vaginal gestational bleeding. 
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Material and methods 


The noncancer effects of in utero exposure to dieth- 
ylstilbestrol were studied by the National Cooperative 
Diethylstilbestrol Adenosis (DESAD) Project, a multi- 
center research effort organized in the mid-1970s." For 
the DESAD study, 221,245 obstetric records were re- 
viewed at the Mayo and Gunderson clinics in Minnesota 
and at physicians’ offices and clinics in Boston, Hous- 
ton, and Los Angeles. Investigators followed and in- 
terviewed cohorts of women whose mothers either did 
or did not take diethylstilbestrol during the pregnancies 
resulting in their births. One diethylstilbestrol-negative 
group consisted of sisters of diethylstilbestrol-positive 
subjects.*"* For our investigation, 1772 cancer-free 
members of DESAD’s record review groups were com- 
pared to genital tract clear cell adenocarcinoma cases 
available as of Feb. 28, 1987 by the Registry for Re- 
search on Hormonal Transplacental Carcinogenesis at 
the University of Chicago (Table I). 


The Registry has made an effort to include all ` 


women with this disease born after 1940, regardless of 
maternal diethylstilbestrol exposure history. As has 
been described, physicians, predominantly from the 
United States but from other countries as well, have 
submitted information both about such cases and about 
the mother’s index pregnancy history.'” * Registry 
workers have questioned subjects, their mothers, and 
other family members about these histories and have 
used all acquired information to corroborate the di- 
agnosis of clear cell adenocarcinoma, to specify tumor 
origin site, and to determine the mother’s history both 
of diethylstilbestrol exposure and of conditions asso- 
ciated with this exposure. 

We limited our study to 186 of the total 522 available 
cases for whom site of tumor origin was determined, 
written obstetric records documenting diethylstilbestrol 
exposure status were available, and the mother’s history 
of bleeding during the index pregnancy could be de- 
termined (Table I). The site of tumor origin was vaginal 
for 117 of these cases, indeterminantly vaginal-cervical 
for 48, and cervical for 21. Information about maternal 
diethylstilbestrol exposure and pregnancy bleeding his- 
tories for 1772 DESAD subjects was obtained from 
Tilley et al.'® All exogenous, nonsteroidal estrogens (in- 
cluding diethylstilbestrol, dienestrol, and hexestrol) 
were classified as diethylstilbestrol, and the exposure 
status of both cases and controls was based on written 
obstetric records. Subjects were classified as positive for 
bleeding if the mother remembered experiencing 
bleeding during the index pregnancy or if such bleed- 
ing was noted in prenatal records. Otherwise, the clas- 
sification was negative. , 

Relative risks of cervical and vaginal clear cell ade- 
nocarcinoma for maternal history of pregnancy bleed- 
ing were calculated after subjects were split into two 
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Table I. Study groups 





Association Cases Controls 
Maternal bleeding 186 Registry 1772 DESAD 
and genital . cases participants” 
tract clear cell 
adenocarci- 
noma 
Diethylstilbestrol 186 Registry | Constructed control 
exposure and cases group* 
genital tract 
clear cell ade- 
nocarcinoma - 
Diethylstilbestrol 8 cases’ 32 matched 
exposure and controls! 


vaginal clear 
cell adenocarci- 


noma 

Diethylstilbestro 37 neonates 184 neonates and 
exposure and and fetuses® 
vaginal ad- fetuses? 


enosis 





*Control group based on prevalence of diethylstilbestrol 
exposure in general population’ and prevalence of maternal 
bleeding in DESAD group.” 


groups based on their diethylstilbestrol exposure status. 
However, because our controls were selected for the 
DESAD study on the basis of their diethylstilbestrol 
exposure, it was not possible to simply exchange cell 
values to calculate the relative risk of clear cell ade- 
nocarcinoma for such exposure when adjusting for ma- 
ternal bleeding history (Table I). Thus we assumed that 
we had a group of 1000 controls and that the propor- 
tion of diethylstilbestrol-positive controls in this group 
equaled the 1.5% of women born in the United States 
at the peak period of diethylstilbestrol usage in this 
country who are estimated to be diethylstilbestrol- 
positive.’ We also assumed that the maternal bleeding 
status of the 15 controls classified as diethylstilbestrol 
positive and the 985 controls classified as diethylstil- 
bestrol negative would be proportional to that of our 
original control group, taking into account exposure 
status. For example, because 90.5% of diethylstilbestrol- 
negative DESAD controls were negative for maternal 
bleeding, we assumed that the same percentage of our 
985 hypothetically diethylstilbestrol-negative controls 
would also be negative. Relative risks of vaginal and 
cervical clear cell adenocarcinoma for diethylstilbestrol 
exposure were calculated using this constructed control 
group while dividing cases and controls into groups 
positive and negative for maternal bleeding. 

We were able to calculate a relative risk of vaginal 
cancer for maternal diethylstilbestrol exposure that was 
adjusted for pregnancy loss before the index pregnancy 
(an additional major indication for diethylstilbestrol 
therapy) by unmatched reanalysis of the initial case- 
control study of vaginal clear cell adenocarcinoma! 
(Table I). Although that was a matched study, pub- 
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Table II. Maternal vaginal bleeding and diethylstilbestrol exposure status of subjects* 














Diethylstilbestrol 


Diethylstilbestrot negative 














Maternal 
bleeding 






Vaginal casest 70 
DESAD controls 729 - 
Relative risk 

95% Confidence interval 


No maternal 









Maternal No maiernal 










bleeding bleeding bleeding 
34 2 1] 
497 52 494 
1.4 1.7 
(0.9-2.1) (0.4-7.9) 








*Crude relative risk = 2.0 (95% confidence interval 1.4 to 3.0); summary relative risk = 1.4 (95% confidence interval 0.9 to 


2.1). 


Cases were restricted to those with written maternal obstetric records on file. 


Data from Tilley et al. 


Table III. Numbers of vaginal cancer cases and hypothetic controls according to maternal bleeding and 


diethylstilbestrol exposure status 



















No maternal bleeding, 


no diethylstilbestrol* 
Casest 4 ll 
Hypothetic controls} 891 
Relative risk "Sms 1.0 


*Reference group. 


Maternal 




















bleeding, No maternal- Maternal 
no bleeding, bleeding, 
diethylstilbestrol diethylstalbestrol diethylstilbestrol 
2 34 i 70 
94 6 9 
1.7 459.0 630.0 


+Cases restricted to those with tumors of vaginal origin for whom written maternal obstetric records were available. 

Control group assumes that in a group of 1000 women, 1.5% or 15 would be diethylstilbestrol-positive."* Based on the data 
presented in Table I, 59% of the 15 would be positive and 41% negative for a maternal history of bleeding during the index 
pregnancy. Similarly, 9.5% of the remaining 985 diethylstilbestrol-negative controls would be positive and 90.5% would be negative 


for maternal bleeding. 


Table IV. Initial case-control study of vaginal 
clear cell adenocarcinoma: reanalysis* 


Diethylstilbestrol Diethylstilbestrol 
positive negative 


Cases 7 l 
Controls l (a 32 
Crude relative risk œ 
95% Confidence : 

interval 





*Data from Herbst et al.! 


lished data were insufficient to allow matched re- 
analysis. 

To estimate the relative prevalence of vaginal ad- 
enosis for both maternal diethylstilbestrol exposure and 
vaginal bleeding during pregnancy, we reanalyzed a 
Boston autopsy study published in 1979 that included 
281 female neonates and fetuses conceived during the 
era when diethylstilbestrol was used for pregnancy 
support? (Table I). These investigators reviewed ma- 
ternal medical records to assess histories of both dieth- 
ylstilbestrol exposure and bleeding during the relevant 
pregnancies, and they examined autopsy materials to 
determine if subjects had vaginal adenosis. Using their 
published data, we calculated both the relative preva- 


lence of vaginal adenosis for diethylstilbestrol expo- 
sure, controlling for gestational vaginal bleeding, and 
the relative prevalence of vaginal adenosis for such 
bleeding, controlling for maternal diethylstilbestrol ex- 
posure. 


Results 


The crude relative risk of vaginal clear cell adeno- 
carcinoma for maternal bleeding was 2.0, with a test- 
based 95% confidence interval’® that did not in- 
clude the null value of 1.0. Controlling for in utero 
diethylstilbestrol exposure, the Mantel-Haenszel sum- 
mary estimate of this relative risk® was 1.4, with a 
95% confidence interval (0.9 to 2.1) that did include 
the null value. Among diethylstilbestrol-positive sub- 
jects the relative risk of vaginal clear cell adenocarci- 
noma for maternal bleeding was 1.4, and among 
diethylstilbestrol-negative subjects the corresponding 
relative risk was 1.7, with both 95% confidence intervals 
including the null value (Table II). l 

Maternal exposure to diethylstilbestrol was strongly 
associated with vaginal clear cell adenocarcinoma even 
when maternal history of bleeding during the index 
pregnancy was statistically controlled. Comparing our 
constructed control group with our group of vaginal 
clear cell adenocarcinoma cases, the crude relative risk 
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Table V. Relative risk of vaginal cancer for dicthy Bulbestrel exposure adjusted for mother’s history of 
problem pregnancy* 








High-risk pregnancyt 


Dietliylstilbestrol 
positive 






Low-risk pregnancyt 


Diethylstilbestrol 
positive 









Duethylstilbestrol 
negative 






Diethylstilbestrol 
negative ` 










Cases ; 7 0 . © 0 1 
Controls , 0 5 0 DOT 
Stratified relative 
risk A œ 
95% Confidence 
interval 


- Undefined 


(3.4-0) (2-2) 








*Data from Herbst et al.? : 


+Pregnancies were classified as high risk when the mother experienced bleeding during the index pregnancy, pregnancy loss 
before it, or both; otherwise, pregnancies were classified as low risk. 


Table VI. Numbers of fetuses and neonates with vaginal adenosis according to maternal bleeding and 


diethylstilbestrol exposure status* 











No maternal 
bleeding, 














no 
diethylstilbestrolt 


With vaginal adenosis . 6 
Without vaginal 159 
adenosis 
Relative prevalence l 1.0 
95% confidence 
interval 


*Data from Johnson et al.° 
tReference group. 


of vaginal clear cell adenocarcinoma for diethylstilbes- 
trol exposure. was 525.3. Stratum-specific relative risk 
estimates of vaginal clear cell adenocarcinoma for di- 
ethylstilbestrol exposure were 365.6 among subjects 
whose mothers experienced bleeding during the index 
pregnancy and 459.0 among subjects whose mothers 


did not (Table III), When subjects whose mothers had 


both index pregnancy bleeding and diethylstilbestrol 
exposure were compared with subjects whose mothers 
were negative for both factors, the relative risk of clear 
cell adenocarcinoma was 630.0. Because this relative 
risk would be expected to bẹ 780.3 on the multiplicative 
scale if no antagonism were involved, vaginal bleeding 
appears to slightly mitigate the effect of maternal di- 
ethylstilbestrol exposure on the incidence of vaginal 
clear cell adenocarcinoma. However, this antagonism 
is not srong enough to be defined as such on the ad- 
ditive scale.?! 

Comparing our hypothetic controls with the 21 cer- 
vical clear cell adenocarcinoma cases for whom written 
maternal obstetric records were available, the crude 
relative risk of clear cell adenocarcinoma for diethyl- 
stilbestrol exposure was 59.7. The stratum-specific rel- 
ative risk of this clear cell adenocarcinoma for dieth- 
ylstilbestrol exposure among subjects whose mothers 
experienced pregnancy bleeding was undefined be- 
cause of a zero cell; it was 13.5 among subjects whose 


Maternal 






no 
diethylstilbestrol 


(0.3-19.0) 















bleeding, - Maternal 
No maternal bleeding, bleeding, 
diethylstilbestrol diéthylstilbestrol 
=. th 21 E 9 
12 6 7 
2.2 92.8 34.1 
(39.0-220.6) (13.2-88.2) 


mothers were negative for such bleeding. Comparing 
our hypothetic controls with the subjects who had tu- 
mors of indeterminant vaginal-cervical origin, relative 
risks of clear cell adenocarcinoma for diethylstilbestrol 
exposure were 146.2 among subjects whose mothers 
were positive for maternal bleeding and 297.0 among 
subjects whose mothers were negative. This mitigation 
by maternal bleeding of diethylstilbestrol’s effect on the 
incidence of the tumor was similar to that found when 
vaginal clear cell adenocarcinoma cases alone were 
compared. 

Our reanalysis of the initial case-control study of 
diethylstilbestrol exposure and vaginal clear cell 
adenocarcinoma! is described in Tables IV and V. The 
lower bound of the Fisher-exact 95% confidence 
interval” for the relative risk of vaginal clear cell ad- 
enocarcinoma for diethylstilbestrol exposure was 15.4 
(Table IV). Maternal diethylstilbestrol exposure was 
significantly associated with vaginal clear cell adeno- 
carcinoma when analysis was restricted to subjects 
whose mothers experienced vaginal bleeding during 
the index pregnancy, loss in a pregnancy preceding it, 
or “both (Table V). Among subjects positive for at least 
one of these indications for diethylstilbestrol therapy, 
the lower bound of the Fisher-exact 95% confidence 
interval for the relative risk of clear cell adenocarci- 
noma for diethylstilbestrol exposure was 3.4 (Table V). 
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Examining the data of Johnson et al.,° we found that 
for subjects whose mothers took diethylstilbestrol, the 
relative prevalence of adenosis for maternal bleeding 
was 0.4. Among subjects whose mothers did not take 
diethylstilbestrol, this relative prevalence was 2.2 (Ta- 
ble VI); 95% confidence intervals for both relative prev- 
alences included the null value. The relative prevalence 
of vaginal adenosis for diethylstilbestrol exposure was 
15.4 (95% confidence interval 2.1 to 113.4) among off- 
spring of mothers who experienced bleeding during 
the index pregnancy and 92.8 (95% confidence interval 
39.0 to 220.6) among offspring whose mothers did not 
(Table VI). When subjects positive for both maternal 
bleeding and diethylstilbestrol exposure were com- 
pared with the reference group negative for both fac- 
tors, the relative prevalence of adenosis declined to 34.1 
(95% confidence interval 13.2 to 88.2) (Table VI). Thus 
our results show that maternal bleeding reduces dieth- 
ylstilbestrol’s effect on vaginal adenosis more than ma- 
térnal bleeding reduces diethylstilbestrol’s effect on 
clear cell adenocarcinoma. The adenosis-associated an- 
tagonism can be classified as such on both additive and 
multiplicative scales.”' 


Comment 


The moderate and generally nonsignificant associa- 
tions between vaginal gestational bleeding and clear cell 
adenocarcifioma that we report may be somewhat un- 
derestimated. The written records of our DESAD con- 
trols came from a small number of physicians who vol- 
unteered for the original DESAD study and from the 
Mayo and Gunderson clinics; these records may be of 
higher quality than those of Registry subjects, which 
were submitted by a large number of physicians on 
request. As a result, records of controls may be more 
likely than those of cases to include information about 
vaginal bleeding during pregnancy and, therefore, to 
be positive for it. This conclusion is supported by the 
fact that although 9.5% of diethylstilbestrol-negative 
DESAD subjects had mothers who experienced such 
bleeding, other studies: using retrospective data have 
reported less than 5% of term pregnancies to be ac- 
companied by such bleeding.” * f 

Our estimates of the relative risk of clear cell ade- 
nocarcinoma for diethylstilbestrol exposure are also 
conservative. Our assumption that 1.5% of our hypo- 
thetic controls would be diethylstilbestrol positive is 
based on births during the peak period of diethylstil- 
bestrol usage in this country. Because many of our cases 
were born when diethylstilbestrol use was less preva- 
lent, we have probably overestimated the number of 
hypothetic controls who would be diethylstilbestrol pos- 
itive. Our application of unmatched analysis methods 
to the matched data from the initial study of vaginal 
clear cell adenocarcinoma, if it biased our relative risk 
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estimates, would be expected to cause them to be un- 
derestimated.” In all, 7.3% of the diethylstilbestrol- 
negative subjects in the autopsy study were classified as 
positive for vaginal gestational bleeding, which is com- 
parable to findings in similar retrospective studies, Be- 
cause such bleeding is not always reported by obstetric 
patients, this prevalence is likely underestimated, but 
because the study investigators were blinded to mater- 
nal history, any errors in recording bleeding histories 
should have occurred randomly. Thus while our re- 
ported relative prevalences of adenosis for maternal 
bleeding may or may not be underestimated, they 
should not be overestimated.™ , 

Our finding of a moderate, but statistically nonsig- 
nificant, relationship between maternal history of 
bleeding during the index pregnancy and vaginal clear 
cell adenocarcinoma when diethylstilbestrol exposure 
was Statistically controlled does not support the hy- 
pothesis suggested by several authors*’ that diethyl- 
stilbestrol exposure may only appear to be associated 
with clear cell adenocarcinoma because use of this drug 
is associated with a history of problem pregnancies. 
Adjusting for maternal history of bleeding during the 
index pregnancy (the primary indication for maternal 
diethylstilbestrol therapy; unpublished observations), 
the stratum-specific relative risks of vaginal clear cell 
adenocarcinoma for maternal diethylstilbestrol expo- 
sure are 365.6 and 459.0 for daughters whose mothers 
did and did not experience bleeding, respectively. Even 
if there were residual confounding, the moderate as- 
sociation of maternal bleeding and vaginal clear cell 
adenocarcinoma we report could not possibly account 
for these large, conservatively estimated relative risks 
of vaginal clear cell adenocarcinoma for diethylstilbes- 


_ trol, which are among the highest relative risk estimates 


reported by any large-scale epidemiologic study to date. 

Our reanalysis of the initial case-control study of vag- 
inal clear cell adenocarcinoma’ demonstrates that ma- 
ternal diethylstilbestrol exposure is significantly asso- 
ciated with vaginal clear cell adenocarcinoma even 
when analysis is restricted to subjects whose mothers 
experienced either bleeding during the index preg- 
nancy, pregnancy loss before it, or both. Although we 
have recently found (unpublished observations) that 
bleeding in a prior pregnancy is also significantly as- 
sociated with diethylstilbestrol therapy during preg- 
nancy (and we were not able to control for this factor 
in this study), it is unlikely that such bleeding could 
confound the strong relationships of maternal dieth- 
ylstilbestrol exposure with vaginal adenosis and genital 
tract clear cell adenocarcinoma. Our findings do not 
support the conclusion of MacFarlane et al.’ that the 
existing evidence is too weak for the causal role of di- 
ethylstilbestrol to be regarded as established. 

With relative risks of clear cell adenocarcinoma for 
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diethylstilbestrol exposure ranging from 59.7 for cer- 
vical cases to 525.3 for vaginal cases and with the rel- 
ative risk for mixed vaginal and cervical cases falling 
in between, it is clear that diethylstilbestrol exposure is 


more strongly associated with vaginal than with cervical. 


clear cell adenocarcinoma." Our crude relative risk of 


cervical clear cell adenocarcinoma for diethylstilbestrol 


exposure of 59.7 is considerably higher than the rela- 
tive risk of 10.2°we calculated using the data ‘of 
Noller et al.” Those investigators compared diethylstil- 
bestrol exposure histories of women with cervical clear 
cell adenocarcinoma who were treated, but not neces- 
sarily born, at Mayo Clinic with the diethylstilbestrol 
exposure histories of women who were born at this 
clinic. Because 8.9% of the mothers of women who 
delivered at this clinic from 1946 to 1954 took 
diethylstilbestrol* compared with 1.5% of women giving 
birth at a variety of U.S. hospitals when diethylstilbes- 
trol use was most common, the drug appears to have. 
been prescribed more frequently at the Mayo Clinic 
than at other hospitals during this time. If so, our use 
of the data of Noller et al. to calculate a relative risk of 
cervical clear cell adenocarcinoma for diethylstilbestrol 
exposure would be expected to underestimate the rel- 
ative risk, and the higher relative risk estimate we re- 
port may be more accurate. l l 

Our findings show a moderate but consistent ten- 
dency for maternal bleeding to be associated with vag- 
inal adenosis and with vaginal clear cell adenocarci- 
noma when maternal diethylstilbestrol exposure is con- 
trolled. These relationships are interesting in light of 
the possibility of underestimation and of the associa- 
tions, similar in magnitude, that have been reported 
between maternal bleeding and congenital malforma- 
tions in offspring.” 

This study depended entirely on the analysis of 
previously collected and, in some instances, previously 
published data. Although the causes of genital tract 
clear cell adenocarcinoma and vaginal adenosis re- 
main of great scientific and historic interest, the rar- 
ity of these diseases makes studying their occurrence 
in young women in any other way difficult. However, 
although: justified, our use of previously collected 
data imposed limitations in the way we performed 
our analyses. While subjects in the Registry and 
DESAD groups do have similar age and racial distri- 
butions, we were unable to control these potential con- 
founders. In addition, although two previous compar- 
isons of diethylstilbestrol-positive clear cell adenocar- 
cinoma cases and diethylstilbestrol-positive controls 
have shown the timing of exposure during pregnancy 
to be an important risk factor for genital tract clear cell 
adenocarcinoma,*" ® we were unable to control for 
when diethylstilbestrol therapy was begun. 

Because maternal bleeding during pregnancy is a risk 
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factor for low birth weight offspring,” *”” it is tempting 
to speculate that hormone fluctuations during preg- 
nancy might explain both the antagonism reported 
here and the previous finding that women weighing 
under 5.5 pounds at birth are at increased risk of gen- 
ital tract clear cell adenocarcinoma.” Several investi- 
gators have reported an association between maternal 
bleeding and decreased maternal levels of estradiol 
and progesterone during the first trimester of preg- 
nancy. ** Savu and Nufiez® suggest that at prescribed 
doses, diethylstilbestrol levels would have been high 
enough to disturb the equilibrium between protein- 
bound and free-circulating estrogens in mothers who 
took the drug, a situation resulting in increased levels 
of free estrogens that could cross the placenta. Thus a 
fetus might be doubly, and perhaps detrimentally, ex- 
posed to large amounts of easily transferred drug and 
to a nonregulated excess of maternal estrogens. 

One might speculate, then, that less fetal damage 
would occur if maternal hormone levels were reduced 
in conjunction with maternal bleeding and, thus, that 
the risk of both adenosis and clear cell adenocarcinoma 
would be reduced when a diethylstilbestrol-positive 
mother experienced such bleeding. Because pregnancy 
bleeding and history of spontaneous abortion were pri- 
mary but competing indications for diethylstilbestrol 
therapy, women taking diethylstilbestrol who experi- 
enced one condition would have been less likely to have 
experienced the other. Thus women who took dieth- 
ylstilbestrol because of prior spontaneous abortions 
would have been more likely to have experienced 
higher first-trimester hormone levels than women 
who took the drug because of pregnancy bleeding. 
If the hormone hypothesis were true, a comparison 
of diethyistilbestrol-positive clear cell adenocarcinoma 
cases and controls should reveal a maternal history of 
spontaneous abortion to be a risk factor for clear cell 
adenocarcinoma, as has been reported.” ` 

For similar reasons, this possible association between 
hormone levels during pregnancy and risk of vaginal 
adenosis and clear cell adenocarcinoma in offspring 
might partially account for the previous finding that a 
fall birth is-a significant risk factor for genital tract clear 
cell adenocarcinoma when ‘diethylstilbestrol-positive 
subjects are compared.” Female hormone levels have 
been reported to vary seasonally,*° and female fetuses 
undergoing in utero development when maternal hor- 
mone levels are at a seasonal peak may be at greater 
risk of adenosis and clear cell adenocarcinoma when 


- diethylstilbestrol is taken than are fetuses undergoing 


intrauterine development at other times of the year. 
However, because the risk of both vaginal adenosis 
and genital tract clear cell adenocarcinoma are in- 
creased with early exposure to diethylstilbestrol during 
pregnancy,* *+* the most likely and least speculative 
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explanation for the antagonism we report is that an 
association exists’ between indication for diethylstilbes- 
trol therapy and the time during pregnancy when ther- 
apy was begun. Women who experienced bleeding dur- 
ing pregnancy and were placed on diethylstilbestrol 
therapy may have started taking the drug later in the 
index pregnancy than did women who took diethyl- 
stilbestrol based on their prior pregnancy history. 

Although the role of maternal bleeding in causing 
vaginal adenosis and cervical and vaginal clear cell ad- 
enocarcinoma remains unclear, we believe we have con- 
clusively shown that no scientific basis exists for the 
speculation that diethylstilbestrol is spuriously associ- 
ated with the tumor because it was used to treat prob- 
lem pregnancies. The present study demonstrates that 
when maternal bleeding is controlled, the relative risks 
of vaginal clear cell adenocarcinoma for in utero di- 
ethylstilbestrol exposure are among the highest ever 
reported in epidemiologic research. 


We thank Dr. Arthur L. Herbst at the University of 
Chicago for generously providing access to Registry 
data. 
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Are choroid plexus cysts an indication for 


second-trimester amniocentesis? 


Beryl R. Benacerraf, MD, Bernard Harlow, PhD, and Fredric D. Frigoletto, Jr., MD 


Boston, Massachusetts 


Previous series that described fetuses with choroid plexus cysts have been too small to determine whether 
there is an association with trisomy 18 sufficiently high.to warrant amniocentesis. To address this issue, 
we studied the incidence of choroid plexus cysts and other ultrasonographic abnormalities in 26 
consecutive fetuses (13.5 to 36 weeks’ gestation) with trisomy 18. Twenty of these 26 fetuses had major 
sonographic anomalies suggestive of aneuploidy. Seventeen of these 26 fetuses were 15 to 20 weeks and 
5 of 17 (30%) had choroid plexus cysts. Six of our total 26 affected fetuses had no sonographic anomalies 
and therefore, on the basis of our data, 30% of these (1.8 fetuses) with trisomy 18 would have choroid 
plexus cysts without other findings. The incidence of choroid plexus cysts in all second-trimester fetuses 
(including normal fetuses and those with trisomy 18) is reportedly 1%. Given the known incidence of 
trisomy 18 (3/10,000), we calculated a total presumptive sample of 86,667 patients to yield our 26 fetuses 
wiht trisomy 18. Our hypothetical sample has 86,641 (86,667 — 26) fetuses without trisomy 18, 858 of 
which would have choroid plexus cysts. Thus there would be one fetus with trisomy 18 for every 477 
normal fetuses with choroid plexus cysts with no other defect seen. If amniocentesis were done to seek 
trisomy 18 in all second-trimester fetuses with choroid plexus cysts, two normal fetuses would be lost for 
every one with trisomy 18 identified. (AM J OpsteT GYNECOL 1990;162:1001-6.) 


Key words: Choroid plexus cysts, trisomy 18, ultrasound, cytogenetics 


Chudleigh et al.’ first described the benign nature of 
choroid plexus cysts observed ultrasonographically in 
the second-trimester fetus. Subsequently many others 
have agreed that second-trimester choroid plexus cysts 
are usually without sequelae: most choroid plexus cysts 
regress by 24 weeks and the neonates are normal.?” On 
occasion these cysts have been associated with aneu- 
ploidy, particularly trisomy 18. Because of this associ- 

_ ation, some investigators have recommended cytoge- 
netic studies for second-trimester fetuses with cho- 
roid plexus cysts.*’? The observations by Fitzsimmons 
et al., who studied the brains of 14 fetuses with trisomy 
18 at autopsy and found a strong correlation between 
this abnormal karyotype and choroid plexus cysts, have 
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fueled this controversy. To critically assess this debate, 
the incidence of choroid plexus cysts in second- 
trimester fetuses with and without trisomy 18 as well 
as associated anomalies must be determined. Review of 
several series demonstrates considerable variation in 
the general incidence of second-trimester choroid 
plexus cysts from series to series (0.18%, 0.65%, 0.80%, 
and 2.5%)."*>*® However, if the average of these four 
numbers is taken, then approximately 1% of all second- 
trimester fetuses would be expected to have choroid 
plexus cysts, an estimate in agreement with the expe- 
rience in our laboratory. Furthermore even though 
choroid plexus cysts are more commonly present in 
fetuses with trisomy 18, this is a rare chromosomal ab- 
normality that has a known incidence of three in every 
10,000 births, an important consideration in the deci- 
sion to recommend amniocentesis.“ 

Clearly, the multitude of small series describing two 
to 41 cases of choroid plexus cysts each is insufficient 
to determine whether amniocentesis is really indicated 
when these cysts are discovered sonographically.'* In 
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Table I. Data of 13 patients presenting for amniocentesis 








Patient Maternal Gestational Choroid Indication 
No. age (yr) age (wk) eysts for tap Other ultrasound findings Outcome 
1 38 20 No AMA Diaphragmatic hernia; TAB 
pi clubfeet, fisted 
hands, CHD, hydro- 
ee cephalus : 
2 40 16 No AMA Abnormal radial ray, ` TAB 
clubbed hands, short 
femurs 
3 37 15 No AMA Abnormal head shape, TAB 
ao clubfeet 
4 39 16 No AMA Nuchal cystic hygroma IUFD 18 wk 
(one of twins), other 
twin normal 
5 36 13.5 Yes AMA Large cystic hygroma TAB 
6 24 19 (16) Yes (no) Low AFP At 19 wk: CHD, ab- TAB 
normal hands (no 
findings at 16 wk) 
7 38 16 No ~ AMA None TAB 
8 26 18 No High AFP Open lumbar NTD TAB 
9 29 17 Yes High AFP CHD, open NTD, TAB 
: clubfeet, fisted 
hands . 
10 40 15 No AMA Abnormal head shape TAB 
i ; (? NTD), diaphrag- 
matic hernia ° 
ll 33 19 Yes Low AFP CHD, clubfeet, fisted TAB 
o hands 
12 43 15 No AMA ` None . TAB 
13 37 15 Yes AMA None TAB 





NTD, Neural tube defect; CHD, congenital heart defect; AFP, a-fetoprotein; AMA, advanced maternal age; JUFD, intrauterine 


fetal death; TAB, elective abortion. 


this report, we investigate the incidence of choroid 
plexus cysts and other major sonographically detectable 
abnormalities in 26 consecutive fetuses who were sub- 
sequently discovered to have trisomy 18. With this data 
set, and knowing the incidence of trisomy 18 (3/10,000 
cases), the incidence of choroid plexus cysts in the gen- 
eral population of second-trimester fetuses and in those 
with trisomy 18, and by knowing the overall incidence 
of major malformations found sonographically in fe- 
tuses with trisomy 18, statistical analysis can determine 
the risk of an abnormal karyotype when a choroid 
plexus cyst is found prenatally. 


Material and methods 


Cases of triosmy 18 were identified from records of 
the five cytogenetic laboratories that serve our area, 
whether the diagnosis was obtained from amniotic 
fluid, blood, or tissue between Jan. 1, 1983 and April 
1, 1989. This information was then correlated with the 
patient population who had prenatal ultrasound tests 
in our laboratory. During this period 26 consecutive 
fetuses with trisomy 18 were diagnosed by karyotyping 
either at amniocentesis or after birth. Because a num- 
ber of patients had been referred because of suspected 
ultrasonographic anomalies on scans done elsewhere, 
we analyzed a subgroup of 13 consecutive fetuses 
(within the total 26) who were referred to our labora- 


tory for a planned amniocentesis solely because of ad- 
vanced maternal age or abnormal a-fetoprotein level 


. and found to have trisomy 18. Because this smaller. 


group of patients scheduled for amniocentesis is a finite 
group not referred for any sonographic finding, this 
subpopulation was also analyzed separately to dem- 
onstrate lack of bias. f 

- All scans were done with an Acuson 128 phased-array 
system with a 3.5 MHz sector or linear transdsucer. All 
anomalies were recorded prospectively at the time of 
the original scan. The images were reviewed retro- 


_ spectively only to determine the presence or absence 


of choroid plexus cysts. Statistical analysis was per- 


‘formed to determine the risk of trisomy 18 when a 


choroid plexus cyst was seen in a second-trimester fetus 
without any other sonographic abnormality, 


Results 


Six of the 26 fetuses with trisomy 18 had no obvious 
sonographic anatomic malformations and the other 20 
had major congenital defects suggestive of an abnormal 
karyotype. These malformations included congenital 
heart defects, neural tube defects, diaphragmatic her- 
nia, omphalocele, hydrocephalus, clubfoot, cystic hy- 
groma, and abnormally fisted hands (Tables I and II; 
Figs. 1 and 2). 

Similarly, in the smaller subset of 13 patients who 
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Table II. Data of 13 patients not presenting for amniocentesis 





Patient Maternal Gestational Choroid 
No. age (yr) age (wh) cysts 
14 37 36 # 
15 24 32 * 
16 40 16 No 
17 32 19 No 
18 40 14.5 No 
19 31 14.5 No 
20 42 17 No 
21 32 31 No 
22 31 34 (32) No 
23 35 15 No 
24 29 -_ 16 i Yes 
25 28 14 No 
26 23 32 * 


IUGR (?) 
Position (?) 
Referral 


Referral 


Referral 


Referral 


Indication 
for scan Other ultrasound findings Outcome 

IUGR (?) Growth deficiency and Neonatal death 
poly. No anatomic 
findings 

Referral Esophageal atresia, Neonatal death 
clubfeet, fisted 
hands, IUGR, poly 

Bleeding Low placenta. No ana- Neonatal death 
tomic findings 

Dating Cystic hygroma, CHD, Tap and TAB 
short radial ray, 
clubbed hands 

Referral Cystic hygroma, hy- Tap and TAB 
drops, clubfeet, 
small head 

Referral Omphalocele, clubfeet, TAB 
abnormal hands, ? 
CHD 

Sizing Hydrocephalus, left TAB 
clubfoot, small om- 
phalocele, NTD 

IUGR, poly, abnormal Neonatal death 


fisted hands, micro- 
gnathia 

CHD, clubfeet, growth 
deficiency on 2nd 
scan 2 wk after Ist 

Cystic hygroma, hy- TAB 
drops, small om- 
phalocele, CHD 

Diaphragmatic hernia, TAB 
omphalocele, fisted 
hands, NTD, hydro- 
cephalus 

Cystic hygroma (one 
of twins) other twin 
normal 

Clubfoot, cerebellar 
hypoplasia, CHD, 
poly, IUGR 


Neonatal death 


IUFD 32 wk 


Neonatal death 





NTD, Neural tube defect; CHD, congenital heart defect; IUGR, intrauterine growth retardation; POLY, polyhydramnios; TAB, 


elective abortion. 
*Images of the choroid plexus not available for review. 


Table III. Likelihood that a fetus with choroid plexus cysts has trisomy 18 in the whole population 





; Other ultrasound findings 
Patients (No. of patients) 
With trisomy 18 20 


Without trisomy 18 — 


TOTAL 20 











With choroid cyst Without choroid cyst Total 
(No. of patients) (No. of patients) (No. of patients; 
1.8 4.2 26 
858 85,783 86,641 
859.8 85,787.2 86,667 














There is one fetus with trisomy 18 for every 477 normal fetuses with choroid plexus cysts. 


were seen for planned amniocentesis, 10 fetuses had 
major sonographically detected malformations (Table 
I). In addition, one fetus in this amniocentesis group 
scanned initially at 16 weeks had no choroid plexus 
cysts or other sonographic abnormality. When the pa- 
tient returned at 19 weeks for amniocentesis because 
of a low a-fetoprotein value, major anatomic defects 
were identifed consistent with trisomy 18 and choroid 


plexus cysts had appeared (Table 11). The other three 
patients in this group who had no sonographic findings 
were at 15 to 16 weeks’ gestation at the time of so- 
nography and it is possible that features of trisomy 18 
(such as heart defects or fisted hands) may not be as 
apparent early as they are at 19 weeks. The similarity 
between results regarding the rate of major defects for 
this small subgroup of 13 patients (10/13 patients) and 
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Fig. 1. Magnified view of the fetal hand showing the characteristic overlapping index finger (arrow) 


seen with trisomy 18. a 





Fig. 2. Longitudinal view of the fetal lower leg showing a 
clubfoot associated with trisomy 18; ` 


those in the total population (20/26 patients) suggests 
that the differences in indications for the sonograms 
in these two groups did not affect the results. 


In three of thè total 26 cases, the choroid plexus was 
not adequately imaged, thus only 23 cases had images , 


of the choroid plexus adequate for review. Six of these 
23 had choroid plexus cysts, and these six were studied 
between 13.5 to 18 weeks of gestation (Figs. 3 and 4). 
Twenty-one of the total 26 fetuses were actually be- 
tween 13.5 and 18 weeks at the time of the scan, yielding 
an incidence of second-trimester choroid plexus cysts 
of six of 21 or 28.6% in our trisomy 18 population. If 
only the fetuses between 15 and 20 weeks were in- 
cluded, choroid plexus cysts were present in five of 17 
cases or 30%. 

Because the estimated incidence of trisomy 18 is 
three in 10,000 cases and choroid plexus cysts occur in 


. Fig. 3. Fetal head showing a choroid plexus cyst (arrows) in a’ 


fetus with trisomy 18. Note that the frontal region of the head ~ 
is. pointed (lemon sign) in this fetus who also had a neural tube 
defect. 


_ 1% of second-trimester fetuses (including those with 
-trisomy 18), the positive predictive value of choroid 


plexus cysts for detecting trisomy 18 can be calculated. 
If no other sonographic findings are considered, the 
sensitivity of choroid plexus cysts for the detection of 
trisomy 18 is 30% (from our data), the specificity 99%, 
and the positive predictive value 0.9%. However, 20 of 
the 26 fetuses with trisomy 18 in this series had major 


` sonographic findings at the time of ultrasound scan, 


before knowledge of the karyotype, suggesting the 
need for cytogenetic evaluation. Inclusion of these 
other criteria changes the analysis substantially. Given 


_ the incidence of trisomy 18 (3/10,000), we estimated 


that 86,667 patients would have been needed to gen- 
erate our 26 cases of trisomy 18 (Table III). Six of our 
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26 affected fetuses had no major sonographic malfor- 
mations suggestive of an abnormal karyotype. If 30% 


of these six affected fetuses have choroid plexus cysts, ° 


1.8 fetuses with trisomy 18 would have choroid plexus 
cysts without other sonographic findings. Eighty-six 
thousand six hundred forty-one normal fetuses remain 
in this hypothetical population, of which 0.99% (858) 
would presumably have choroid plexus cysts. Thus 
there would be one fetus with trisomy 18 for every 
477 normal fetuses with choroid plexus cysts, as- 
suming no other sonographic abnormality. The same 


numbers result when the statistical analysis is used for. 


the smaller population of 13 cases referred for amnio- 
centesis. 


Comment 


Most choroid plexus cysts seen in second-trimester 
fetuses are transient and lack clinical significance.'* 
They usually regress by 24 weeks and are easily distin- 
guished from significant intracranial abnormalities. 
Choroid plexus cysts can occasionally persist in neo- 
nates but only rarely cause symptoms.’>'® 

Recently a large number of reports have described 
small series of fetuses with choroid plexus cysts.'’? A 

. key goal of such studies has been to determine if the 
association of choroid plexus cysts with trisomy 18 is 
sufficient to warrant amniocentesis for cytogenetic 
studies. This important question still remains unre- 
solved because each laboratory only has a small number 
of these cases. Fitzsimmons et al.'* studied 14 consec- 
utive fetuses with trisomy 18 and showed that choroid 
plexus cysts were present in 35% of cases. They claimed 
an unusually high percentage of choroid plexus cysts 
in their five second-trimester fetuses (four of five); how- 
ever, this was an in vitro study in which the brain of 
each fetus was studied with a 5 or 7.5 MHz transducer, 
yielding higher resolution than possible in vivo. Our 
study is likely to be more representative of the incidence 
of choroid plexus cysts seen sonographically in vivo in 
a population of second-trimester fetuses with trisomy 
18. 

Sonographic abnormalities associated with trisomy 
18 have been described and include congenital heart 
defect, clubfeet, fisted hands, abnormally short radial 
ray, neural tube defect, diaphragmatic hernia, om- 
phalocele, hydrocephalus, micrognathia, and cystic hy- 
groma.":!7!9 These malformations can be specifically 
sought by experienced ultrasonographers and reliably 
diagnosed.” In this series, 20 of 26 (77%) of fetuses 
with trisomy 18 had such malformations identified pro- 
spectively before any knowledge of the karyotype. 

By use of the incidence of choroid plexus cysts in 
second-trimester fetuses averaged from several series 
(average 1%), the determined incidence of choroid 
plexus cysts in second-trimester trisomy 18 fetuses from 
the present study (30%), the known incidence of tri- 


Choroid plexus cysts and second-trimester amniocentesis 1005 





Fig. 4. Transverse view of the head of a fetus with trisomy 18 
shows a very tiny choroid plexus cyst (arrow). 


somy 18 (3/10,000), and the rate of identification of 
major malformations in our cases of trisomy 18 (77%), 
only one additional fetus with trisomy 18 would be 
identified if amniocentesis were done for choroid 
plexus cysts alone.” ***'*-!7 This would necessitate ar- 


. niocentesis on 477 normal fetuses. The risk of losing a 


pregnancy from amniocentesis is approximately one 
per 200 cases.” *' It follows that two normal fetuses 
would be lost for each fetus with trisomy 18 identified 


if amniocentesis were done because of choroid plexus 


cysts in the absence of other sonographic abnormalities. 
This exceeds the risk currently accepted for prenatal 
diagnostic procedures.” a 

~ Because one of our cases had no sonographic defect 
at 16 weeks but was abnormal at 19 weeks, it is possible 
that some of the subtle abnormalities associated with 
trisomy 18 are not apparent in the early part of the 
second trimester. Because of this, we recommend the 
following approach to the management of patients with 
second-trimester choroid plexus cysts. (1) If the ges- 
tational age is earlier than: 19 weeks, the sonogram 
should be repeated at 19 weeks or later by a sonologist 
familiar with fetal malformations associated with an- 
euploidy. (2) If the fetus is at least 19 weeks and no 
other anatomic defects are identified sonographically, 
amniocentesis should not be necessary. 
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Significance of observing no fluid at amniotomy 


Maurice L. Druzin, MD, and Diana M. Adams, MD 
New York, New York 


Thirty patients with oligohydramnios observed at artificial rupture of membranes were studied to determine 
the significance of this finding. Fifteen were subsequently found to have meconium-stained amniotic fluid 
and 21 had abnormal fetal heart rate tracings. This clinical observation warrants close intrapartum 
surveillance and preparation for delivery. (Am J Osstet GYNECOL 1990;162:1006-7.) 


Key words: Meconium, amniotomy, oligohydramnios 


Patients in labor often undergo artificial rupture of 
membranes (AROM), and the quantity and nature of 
amniotic fluid are considered important. In some 
cases no fluid is noted after AROM. Both oligo- 
hydramnios and meconium-stained amniotic fluid 
are associated with increased perinatal morbidity. 
The clinical significance of no fluid at AROM was 
evaluated. 
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Material and methods 


Thirty consecutive patients between April 1987 and 
August 1988 were observed by their physician to have 
no fluid at AROM. All patients had completed 259 
days’ (37 weeks) gestation, and the mean gestational 
age was 283.6 + 10.9 days (40.5 weeks). Three (10%) 
patients were =42 weeks’ gestation; and 22 (73.3%) >40 
weeks’ gestation. Prior spontaneous rupture of mem- 
branes was ruled out by history and phsyical exami- 
nation. At the time of the initial observation the pa- 
tient’s names were recorded. After delivery all 30 charts 
were analyzed. Abnormal fetal heart rate (FHR) pat- 
terns (fetal stress) included recurrent moderate (30 
to 60 seconds duration) variable decelerations, recur- 
rent severe (>60 seconds duration) variable decelera- 


Volume 162 
Number 4 


tions, recurrent late decelerations, and prolonged de- 
celerations (reduction of FHR <90 beats/min or 
40 beats/min below baseline lasting =60 seconds). If 
‘possible, fetal scalp pH determination was used to eval- 
uate acid-base balance. The term fetal distress was re- 
served to describe the subset of cases with documented 
fetal acidosis (pH < 7.20) or persistent abnormal FHR 
in which the clinical situation did not allow for scalp 
pH determination. 


Results 


Fifteen (50%) of the 30 patients with oligohydram- 
nios at AROM were subsequently found to have 
meconium-stained amniotic fluid. In the majority 
(12/15, 80%) meconium-stained amniotic fluid was not 
known to be present until the completion of the second 
stage of labor (delivery of the fetus). In the remaining 
three cases meconium-stained amniotic fluid was ob- 
served at varying times during the first stage of labor. 

Twenty (66%) patients had abnormal FHR patterns 
in labor. Five were delivered by cesarean section be- 
cause of abnormal FHR as defined, and five underwent 
emergency delivery because of fetal distress (four by 
cesarean section and one by forceps). Therefore a total 
of 10/30 (80%) underwent operative delivery because 
of fetal stress-distress (see Table I). 


Comment 


This study was undertaken simply to observe the out- 
come of patients with no fluid at AROM. A control 
group was not analyzed. 

Lack of fluid at amniotomy predicted meconium in 
50% of cases in our study. Furthermore, this group had 
a high incidence of abnormal FHR in labor and op- 
erative delivery because of fetal stress-distress. 

Knowledge of meconium-stained amniotic fluid is a 
clear indication for intensive intrapartum fetal sur- 
veillance, such as continuous electronic FHR monitor- 
ing or scalp pH determination. Two recent studies 
underscore the importance of the knowledge that 
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Table I. Patients with no fluid at 
amniotomy (N = 30) 





. Group No. % 
Meconium : 15 50 
>40 wk ; 22 73 
Abnormal FHR in labor 20 66 
Operative delivery because of fetal 10 30 


stress-distress 





meconium-stained amniotic fluid is present during 
the intrapartum period. Patients with recognized 
meconium-stained amniotic fluid, a rising baseline, and 
diminished variability have a significant increase in me- 
conium below the vocal cords.' For postterm fetuses 
with known meconium-stained amniotic fluid in which 
accelerations are not present and cannot be induced, 
and fetal status cannot be determined by direct pH 
assessment, the risk of fetal acidosis is 33%.” 

Awareness of meconium-stained amniotic fluid al- 
lows preparation at delivery for the performance of 
oropharyngeal suctioning and the availability of neo- 
natal expertise. 

Intrapartum diagnosis of meconium-stained amni- 
otic fluid has been considered straightforward: either 
the patient reports it or the meconium is seen by the 
medical staff. No fluid at AROM represents a clinical 
situation in which meconium-stained amniotic fluid 
may not be noted initially, but is present in as many as 


‘50% of cases. The diagnosis is of clinical significance 


to the practicing obstetrician because it alters intrapar- 
tum and immediate postdelivery management. 
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Insulin sensitivity and B-cell responsiveness to glucose during 
late pregnancy in lean and moderately obese women with 


normal glucose tolerance or mild gestational diabetes 


Thomas A. Buchanan, MD," Boyd E. Metzger, MD, Norbert Freinkel, MD," f and 
Richard N. Bergman, PhD* l 


Chicago, Illinois, and Los Angeles, California 


We used the minimal model technique to obtain concurrent measurements of whole-body insulin sensitivity 
and pancreatic B-cell responsiveness to glucose during the third trimester of pregnancy. Insulin sensitivity 
in normal pregnant women (n = 8) was reduced to only one third that of a group of nonpregnant women 
(n = 7).0f similar age and relative weight. This marked insulin resistance was compensated by reciprocal 
enhancement of the first- and second-phase insulin responses to intravenous glucose, which were 
increased threefold as compared with the nonpregnant women. Women with gestational diabetes mellitus 
(n = 16) had mean insulin sensitivity that was similar to that of the normal pregnant group, which indicates 
that insulin action was appropriate for the late phase of pregnancy in the gestational diabetic-group. By 
contrast, the mean first-phase insulin response was significantly reduced in women with gestational 
diabetes mellitus, as compared with that of normal pregnant women (p < 0.001). However, approximately 
one fifth of the group with gestational diabetes mellitus had first-phase responses that did not fall below 
the 95% confidence interval for the mean in normal pregnant women. The mean second-phase response 
was also lower in the group with gestational diabetes, although the difference was of borderline statistical 


significance (p < 0.09). Our findings reveal the quantitative nature of the reciprocal changes in insulin 
sensitivity and B-cell function that normally accompany late pregnancy. They further indicate that during 
the third trimester, mild gestational diabetes is characterized by an impairment of pancreatic B-cell function 
rather than an exaggeration of the normal insulin resistance of late pregnancy. (Am J OBSTET GYNECOL 


1990;162:1008-14.) 


Key words: Insulin sensitivity, insulin secretion, gestational diabetes mellitus 


It is well known that insulin’s ability to lower circu- 
lating glucose is impaired,'* whereas pancreatic B-cell 
responses to glucose are enhanced®’ during the latter 
half of pregnancy. However, it has not been possible to 
quantify these changes precisely and simultaneously. 
Thus the magnitude of the insulin resistance of late 
pregnancy and that of the attendant B-cell responses 
to this resistance are not known. Likewise, the degree 
to which abnormalities of insulin sensitivity’ and 
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secretion*** contribute to the genesis of gestational 
diabetes mellitus (GDM) remains to be identified. 

A method has become available with which to address 
these issues. Computer analysis of glucose and insulin 
data from a frequently sampled intravenous glucose 
tolerance test provides quantitative measures of insulin 
sensitivity and B-cell responsiveness to glucose at the 
same time.'*'® This method is relatively noninvasive and 
thus can be applied safely during pregnancy. We have 
used computer modeling of frequently sampled intra- 
venous glucose tolerance test data to obtain what we 
believe to be the first quantitative and simultaneous 
measures of insulin sensitivity and B-cell function dur- 
ing late pregnancy in normal women and women with 


GDM. 


Material and methods 


Subjects. Nonpregnant control women (four lean, 
three obese*) were recruited from the staff of the 
Northwestern University McGaw Medical Center. Nor- 


*Obesity denotes nonpregnant weight =120% of ideal or 
pregnancy weight gain =18 kg by the time of the frequently 
sampled intravenous glucose tolerance test. 
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Table I. Clinical characteristics of the three study groups* 


_  Nonpregnant weight Pregnancy weight gain Gestational age 
Study group Age (yr) (% ideal) (kg) (wk) 


Nonpregnant 29 2s, 112 +8 = <= 
(n = 7) i 

Normal pregnant 29 +1 lli+1 12.3 + 0.9 33.8 + 0.8 
(n = 8) 

GDM (n = 16) 30 +1 117 +4 11.6 + 1.2 32.2 + 0.5 





*Pregnancy weight gain was calculated as the difference between prepregnancy weight and weight at the time of intravenous 
GTT. Gestational age refers to the time of intravenous GTT, as determined by menstrual history and, where indicated, ultra- 
sonography. Numbers in parentheses denote the number of subjects in each group. None of the intergroup differences in mean 
values was significant at the 0.05 level. 


mal pregnant women (five lean, three obese) and Fullerton, Calif.). Insulin was measured by a double 
women with GDM (eight lean, eight obese) were re- antibody radioimmunoassay with human insulin stan- 
cruited from the obstetric clinics of Prentice Women’s dard (Eli Lilly Co., Indianapolis, Ind.). 
Pavilion of Northwestern Memorial Hospital. None of Computer analysis of frequently sampled intravenous giu- 
the nonpregnant or normal pregnant women had a cose tolerance test data. Glucose and insulin data from 
family history of diabetes mellitus. Glucose tolerance each frequently sampled intravenous glucose tolerance 
was documented in all subjects according to National test were analyzed with the MINMOD computer pro- 
Diabetes Data Group criteria.” To minimize the phe- gram,” which has been used widely to measure insulin 
notypic heterogeneity of our study population,'* ? we sensitivity in humans. 
excluded women with fasting plasma glucose levels Insulin sensitivity is measured by the MINMOD com- 
2130 mg/dl because we consider them to have overt puter program as the fractional rate of glucose disap- 
diabetes during pregnancy. We also excluded women pearance that can be attributed to the effects of insulin. 
with medical or obstetric problems other than GDM This measurement takes into account the fact that glu- 
and those ingesting medications other than vitamin or cose levels decline by insulin-independent mechanisms 
iron supplements. All subjects gave written, informed immediately after the glucose injection.'* è% Insulin 
consent for participation in the study, which was ap- then acts to increase the glucose disappearance rate. 
proved by the Northwestern University Institutional Computer analysis measures this rate increase and re- 
Review Board. ` - lates it to the magnitude of the insulin response to 
Protocol. Nonpregnant women were studied during determine insulin sensitivity (units: minutes™’ per 
the latter half of the menstrual cycle. Pregnant women U/ml). 
were studied between 29 and 36 weeks’ gestation. All In people who are very resistant to insulin, a large 
studies were performed on the Clinical Research Cen- insulin response may effect only a small change in the 
ter of Northwestern University Medical School, McGaw glucose disappearance rate. In some patients this 
Medical Center. change is so small that it is obscured by imprecisions in 
Subjects ingested a diet that contained =150 gm of plasma glucose measurements. These patients have in- 
carbohydrate per day for 3 days, then underwent a sulin sensitivity that is below the detection limit of the 
single frequently sampled intravenous glucose toler- model. We have determined this limit to be 0.31 x 107% 
ance test after a 12-hour overnight fast. Frequently for the glucose model used in these studies. 
sampled intravenous glucose tolerance tests were per- The first-phase insulin response is represented as a 
formed as follows: dextrose (300 mg/kg body weight bolus of insulin released into the circulation. The 
as a 50% solution in water) was injected over 60 seconds change in plasma insulin that results from this bolus, 
into an indwelling antecubital venous catheter. Hepa- expressed relative to the rise in glucose that stimu- 
rinized blood samples (0.3 ml each) were collected from lated the insulin response, is first-phase B-cell respon- 
a contralateral antecubital venous catheter 13, 8, and siveness” (units: [wUnits per milliliter x minute} per 
3 minutes before and 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, milligram/dl). 
16, 18, 20, 22, 27, 32, 42, 52, 62, 72, 82, 92, 102, 122, The second-phase insulin response occurs because 
142, 162, and 182 minutes after the beginning of the — B-cells continue to release insulin as long as plasma 
dextrose injection. Plasma was immediately separated glucose is elevated above a threshold level.** The rate 
and stored at ~20° C for subsequent glucose and in- of insulin release is proportional to the glucose level, 
sulin measurements. although the proportionality constant varies among 
Analytical methods persons. Second-phase B-cell responsiveness is the pro- 
Assays. Glucose was measured by a glucose oxidase portionality constant that relates the rise in plasma in- 


method (Glucose Analyzer II, Beckman Instruments, sulin to the degree of glucose elevation” (units, [mi- 
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Table II. Fasting plasma glucose and insulin, insulin sensitivity, and first- and second-phase B-cell 


responsiveness to glucose in the three study groups* 









Fasting glucose Fasting insulin 
Nonpregnant 90 + 1 12+ 1 
(n = 7) 
Normal pregnant “80 + lt 12+ 2 
(n = 8) 
GDM (n = 16) 94 + 4§ 24 + 4§ 





B-cell responsiveness 






Insulin sensitivity Second phase 
3.0 + 0.6 3.8+ 1.1 39 + 10 
0.9 + 0.37 11.0 + 2.64 129 + 32% 
1.1 = 0.2} 2.4 + 0.48 69 + OF 


*Glucose and insulin are given in mg/dl and U/ml, respectively. Units for insulin sensitivity: min™' per wU/m! x 1074; for 
first-phase B-cell responsiveness: («U/ml x min) per mg/dl; for second-phase B-cell responsiveness: (U/ml X min~*) 
per mg/dl. The statistical significance of differences between group mean values is denoted: fp < 0.01 versus nonpregnant; 
tp < 0.05 versus nonpregnant; §p < 0.01 versus normal pregnant. . 


crounits per milliliter x minute~*] per milligram per 
deciliter). 

Data analysis. Results are expressed as mean + SE. 
K, values were calculated as the slope (X 100) of the 
line that relates the natural logarithm of the glucose 
concentration to time between 10 and 40 minutes after 
the glucose injection. Mean values for K,, age, non- 
pregnant relative weight, fasting glucose level, fasting 
insulin level, first- and second-phase B-cell responsive- 
ness to glucose and insulin sensitivity were compared 
' among nonpregnant, normal pregnant, and gestational 
diabetic groups by analysis of variance. Mean values for 
gestational age and weight gain during pregnancy were 
compared between the normal pregnant group and the 
group with GDM by unpaired Student ¢ tests. 


Results 

Patient characteristics. The nonpregnant, normal 
pregnant, and gestational diabetic groups were of sim- 
ilar mean age and nonpregnant relative weight (Ta- 
ble I). Likewise, the mean gestational age and preg- 
nancy weight gain at the time of testing were similar in 
the normal pregnant group and the group with GDM 
(Table 1). , 

Plasma glucose and insulin patterns. In the normal 
pregnant group, the plasma glucose level after a 12- 
hour overnight fast (Table II) was lower than that of 
the nonpregnant group (80 + 1 versus 90 + 1 mg/dl; 
p < 0.01). The mean fasting glucose level of the group 
with GDM was significantly higher than that of the 
normal pregnant women (94 + 4 mg/dl; range, 77 to 
121 mg/dl). After the glucose injection, plasma glucose 
rose to similar levels in the three groups (Fig. 1). The 
subsequent glucose patterns during the first hour of 
testing were similar in the nonpregnant and normal 
pregnant groups. Glucose patterns in these groups then 
diverged as the normal pregnant women returned to 
a basal glucose level lower than that of the nonpregnant 
controls. Glucose levels appeared to decline more 
slowly in women with gestational diabetes than in either 
of the other two groups (Fig. 1). This impression was 


confirmed by a comparison of K, values among the 
three groups. As we have observed in earlier studies, 
K, did not differ significantly between the nonpregnant 
and normal pregnant groups (1.83 + 0.08 versus 
1.61 + 0.09, respectively; p > 0.05). However, K, was 
lower in the group with gestational diabetes (1.05 + 
0.07) than in each of the other two groups (p< 
0.001). 

The mean of fasting insulin levels in the gestational 
diabetic group (24 + 4 U/ml; Table II) was elevated, 
as compared with the nonpregnant and normal preg- 
nant groups (12 + 1 and 12 + 2 U/ml, respectively). 
Nonetheless, the greatest insulin response to glucose 
was observed in the normal pregnant woman. The peak 
insulin level in that group (274 + 50 »U/ml) was more 
than twofold greater than the peak response in either 
the nonpregnant women (104 + 15 U/ml) or the 
women with GDM (118 + 18 pU/ml). Insulin returned 
to a level not greater than basal within 70 minutes in 
the nonpregnant women and within 100 minutes in the 
normal pregnant group. In contrast, insulin levels re- 
mained elevated until 160 minutes in the group with 
GDM, presumably because of the persistently elevated 
glucose levels in that group. 

Insulin sensitivity and B-cell responsiveness 

Nonpregnant group. We were able to identify an 
insulin-dependent increase in fractional glucose dis- 
appearance (i.e., insulin sensitivity) in all of the non- 
pregnant women. The mean insulin sensitivity in that 
group was 3.0 + 0.6 x 107° min“! per »U/ml (Table 
II), similar to insulin sensitivity measures that have been 
reported for lean and moderately obese normal sub- 
jects.’* *!*> First- and second-phase B-cell responses in 
the nonpregnant group were 3.8 + 1.1 [wU/ml x 
min] per mg/dl and 39 + 10 [1U/ml x min-*] per 
mg/dl, respectively (Table II). 

Normal pregnant group. Pregnancy was associated with 
a marked reduction in insulin sensitivity. In fact, we 
were unable to measure an insulin-dependent increase 
in glucose disappearance in three (38%) of the eight 
normal pregnant women. We assigned a value of 


Volume 162 
Number 4 


Non- 
Pregnant A 


Insulin sensitivity and secretion in gestational diabetes 1011 


Normal 
Pregnant O 


GDM + 





300 + 


200 p 


Glucose 
(mg/dl) 


100 p 














120 180 





300 p 


200 + 
Insulin l | 
(uU/ml) h- 


100 - 

















o 


120 180 


Minutes 


Fig. 1. Mean plasma glucose and insulin concentrations during intravenous GTTs in the three study 
groups. Glucose (300 mg/kg body weight) was injected into an antecubital vein at t = 0 (arrow). 


0.31 xX 10~* to insulin sensitivity in these women be- 
cause that was the lower limit of insulin sensitivity that 
our computer analysis could detect. The resultant mean 
insulin sensitivity of the normal pregnant group (0.9 + 
0.3 x 10-* min™! per U/ml) was reduced 70% below 
that of the nonpregnant women (p < 0.01). We ob- 
served a trend toward greater insulin resistance in the 
obese, as compared with the lean normal pregnant 
women (0.47 + 0.29 10-4 versus 1.04 + 0.45 10-4 
min™' per pU/ml, respectively), although this differ- 
ence was not statistically significant. 

In association with this marked insulin resistance, 
normal pregnant women had mean first-phase B- 
cell responsiveness (11.0 + 2.6 [U/ml x min] per 
mg/dl) that was increased nearly threefold as com- 
pared with the nonpregnant group (p< 0.05; Ta- 


ble II). Second-phase B-cell responsiveness (129 + 32 
[wU/ml x min-*] per mg/dl) was likewise increased 
approximately threefold above that in nonpregnant 
women (p < 0.05; Table II). 

Gestational diabetic group. Women with GDM had in- 
sulin resistance that was similar in magnitude to that 
of the normal pregnant women. We were unable to 
identify an insulin-mediated increase in glucose dis- 
appearance in seven (44%) of the women with GDM 
(p > 0.4 compared with normal pregnancy). After as- 
signment of a value of 0.31 107‘ to insulin sensitivity 
in those women, we found that mean insulin sensitivity 
for the entire group with GDM (1.1 + 0.2 x 107% 
min`! per »U/ml) was not lower than that of normal 
pregnant women (0.9 + 0.3 x 107*; Table II). We 
were concerned that the seven women with GDM and 
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insulin sensitivity below the detection limit might ac- 
tually have had lower insulin sensitivity than that of the 
three normal pregnant women with an undetectable 
insulin effect. Therefore we repeated the insulin sen- 
sitivity comparisons after assignment of a value of zero 
in the gestational diabetic women with values below the 
detection limit. Even in this “worst case” comparison, 
the mean of insulin sensitivity in the women with GDM 
(0.9 + 0.2 x 107+) was not lower than that of normal 
pregnant women (p > 0.9). Thus we found no exag- 
geration of the normal insulin resistance of late preg: 
nancy in women with mild GDM. 
© In contrast to insulin sensitivity, B-cell function was 
different between the normal pregnant group and the 
group with gestational diabetes (Table II). The mean 
of first-phase B-cell responsiveness in the women with 
GDM was less than one fourth that of the normal preg- 
nant group (2.4 + 0.4 versus 11 + 2.6 [wU/ml] x min 


per mg/dl; p< 0.01). The mean of second-phase . 


responsiveness was also lower in the women with 
GDM (69 + 9 versus 129 + 32 [wU/ml x min~*] per 
mg/dl), although this difference was of borderline sta- 
tistical significance (p < 0.09). Despite these differences 
in mean values, some of the women with GDM ap- 


peared to, have well-preserved B-cell responses. Three ` 


had first-phase insulin responses that fell within the 
95% confidence interval of the mean for normal preg- 
nant women. Ten had second-phase B-cell responses 
that were within the 95% confidence interval for the 
normal pregnant group. However, only one woman 
with GDM had both first- and second-phase B-cell re- 
sponses that were within the 95% confidence intervals 
for the normal pregnant means. 

Lean and obese women. The sizes of the nonpregnant 
and normal pregnant groups (seven and eight subjects, 
respectively) precluded meaningful statistical compar- 
isons of insulin sensitivity and B-cell responsiveness be- 
tween lean and obese women within each of these 
groups. Comparison of lean and obese women with 
GDM revealed similar first-phase (2.03 + 0.61 versus 
2.73 + 0.63 [ U/ml] xX min per mg/dl, respectively) 
and second-phase (65 + 14 versus 74 + 13 [wU/ml x 
min~?] per mg/dl) B-cell responsiveness in these sub- 
groups. Mean insulin sensitivity was somewhat lower in 
the lean than in the obese women with GDM (0.66 + 
0.25 versus 1.53 + 0.28 min™' per »U/ml). However, 
none of these intergroup differences reached statistical 
significance at the 0.05 level. 


Comment 


Minimal model analysis allowed us to obtain simul- 
taneous and quantitative measures of insulin sensitivity 
and pancreatic B-cell function in vivo during the late 
phase of human pregnancy. This approach revealed 
that lean and moderately obese women during the third 
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trimester had insulin sensitivity that was reduced by 
approximately two thirds as compared with a group of 
nonpregnant women of similar age and relative weight. 
This represents a remarkable reduction in insulin’s ac- 
tion on glucose disposition. In fact, of a variety of clin- 
ical situations in which insulin sensitivity has been 
measured with the minimal model, only noninsulin- 
dependent diabetes mellitus has been associated with 
lower insulin sensitivity than we found in normal preg- 
nant women.?™® Thus pregnancy represents the most 
extreme example of physiologic insulin resistance that 
we have encountered to date. y 


In the face of this marked insulin resistance, first- 
and second-phase pancreatic B-cell responses to glu- 
cose were increased approximately threefold in the 
normal pregnant women as compared with the non- 
pregnant women. The fact that insulin sensitivity in the 
pregnant group was reduced to one third that of non- 
pregnant controls, whereas insulin responses were in- 
creased threefold, indicates that the alterations in in- 
sulin action and B-cell function, which are known to 
accompany late pregnancy,” are not simply qualita- 
tively reciprocal, but are quantitatively reciprocal in 
nature. 

Our present data do not reveal whether these recip- 
rocal alterations represent primary reductions in in- 
sulin sensitivity that are compensated by enhanced B- 
cell function or vice versa. However, the increasing ex- 
ogenous insulin requirements of women with type I 
diabetes during pregnancy®” suggest that reduced in- 
sulin sensitivity is a primary event during gestation.” 
In that context our findings show the great capacity of 
normal human B cells to compensate for reductions in 
insulin sensitivity. 

Results from our patients with gestational diabetes 
suggested an abnormality in this compensatory capacity 
of B cells. As was true for normal pregnant women, 
insulin sensitivity in the gestational diabetic group was 
reduced to approximately one third that of nonpreg- 
nant women. Thus during the late phase of pregnancy 
GDM was not accompanied by insulin resistance be- 
yond that accounted for by the effects of gestation 
per se. By contrast, the B-cell adaptation to this insulin 
resistance was impaired in the women with GDM. In 
keeping with the report of Yen et al., we found the 
impairment to be most marked for the first-phase in- 
sulin response to glucose, which was less than one 
fourth that of the normal pregnant women. Fully 80% 
of the gestational diabetic group had first-phase re- 
sponses that were below the 95% confidence interval 
for the mean of normal pregnant women. The mean 
of second-phase insulin responses in the GDM group 
also was lower than that of the normal pregnant group. 
However, this difference was of borderline statistical 
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significance and.only 38% of the women with GDM had 
second-phase responses that were below the 95% con- 
fidence interval for the mean in normal pregnant 
women. These findings indicate that there is clearly 
heterogeneity of B-cell function in women with GDM, 
as we have reported previously." ~? Nonetheless, be- 
cause only one woman with GDM had both first- and 
second-phase irisulin responses that were within 95% 
confidence intervals for mean values in the normal 
pregnant group, our findings suggest a defect in B-cell 
function, rather than an exaggeration of the normal 
insulin resistance of late pregnancy, as the predominant 
abnormality in women with mild GDM during the third 
trimester. The elevated fasting insulin levels in- the 
GDM group are not inconsistent with such a B-cell de: 
fect because they occurred under the combined influ- 
ences of pregnancy-related insulin resistance and mild 
hyperglycemia. 

Our data are cross-sectional. Therefore it is not pos- 
sible to determine the extent to which our results reflect 
events that lead to the development of GDM. With 
regard to insulin sensitivity, Ward et al. have reported 
insulin resistance in former gestational diabetic women 
soon after their index pregnancy.” ® It is possible that 
similar defects were present in our patients before or 
during the early phase of gestation but were small com- 
pared with the marked insulin resistance of the third 
trimester. Only longitudinal studies can address that 
possibility. Nonetheless, our findings do not implicate 
an exaggeration of the normal insulin resistance of 
pregnancy as the cause of glucose intolerance in our 
patients during the third trimester. With regard to B- 
cell function, hyperglycemia per se may impair insulin 
responses to a glucose challenge. This defect may be 
partially reversed by normalization of circulating glu- 
cose levels with insulin.**** In our own hands, this ap- 
proach caused less than a twofold increase in the first- 
phase insulin response to intravenous glucose after 2 
weeks of premeal normoglycemia in a separate group 
of women with mild GDM (Buchanan TA, Metzger BE, 


and Freinkel N. Unpublished observations). Because- 


we found first-phase responsiveness to be less than onè 
fourth that of normal pregnant women in the present 
study, it is unlikely that the B-cell defects in our patients 
with GDM resulted wholly from the effects of hyper- 
glycemia on B-cell function. 

Our results in women with GDM differ from those 
of Ryan et al.,° who found that insulin sensitivity mea- 
sured by the euglycemic clamp technique was lower in 
three of five gestational diabetic women than in five 
norma] pregnant women. Fasting blood glucose levels 
in three of their patients was > 130 mg/dl, whereas the 
fasting plasma glucose level was =121 mg/dl in all of 
our patients. Because insulin resistance is a well-known 
characteristic of overt diabetes, differences in patient 
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selection may be responsible for the different insulin 
sensitivity results between the two studies. A full com- 
parison of these. studies is precluded because Ryan 
et al. did not characterize B-cell function in their pa- 
tients. 

-In summary, we report the first application of min- 
imal model analysis to obtain simultaneous quantifi- 
cation of insulin sensitivity and pancreatic B-cell func- 
tion during pregnancy. We found that late normal 
pregnancy in lean and moderately obese women was 
associated with a two thirds reduction in insulin sen- 
sitivity, as compared with the nongravid state. This in- 
sulin resistance was compensated by threefold increases 
in first- and second-phase insulin responses to intra- 
venous glucose. Women with mild GDM had insulin 
sensitivity that was similar to that of normal pregnant 
women. However, insulin responses to glucose, espe- 
cially first-phase responses, were impaired in GDM. 
Our findings suggest that failure of pancreatic B-cell 
compensation for the normal insulin resistance of late 
pregnancy represents a predominant defect in women 
with mild GDM during the third trimester. Careful 
follow-up studies will be required to determine whether 
this B-cell defect, a defect in insulin action that becomes 
apparent after the insulin resistance of pregnancy sub- 
sides, or both can be used to predict the development 
of diabetes in later life. 


We thank the nurses of the Clinical Research Center 
of Northwestern University for their help in perform- 
ing these studies and Joyce Schemmer, Terry Agaja- 
nian, and Richard Watanabe for their excellent tech- 


-nical assistance. 
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Until now, the millions of women with vaginal 
dryness could ease their discomfort only 
temporarily. But today, new REPLENS ends 
dryness by replenishing vaginal moisture. 
REPLENS is delivered through mucoadhesion, 
a system that holds moisture in place. The 
primary ingredient, polycarbophil, is not 
absorbed. By design it is able to hydrate 
underlying vaginal tissue to provide lasting 
vaginal moisture and continuous lubrication. 


Lasting moisture—clinically proven to 
end discomfort and painful intercourse 


In double-blind clinical studies, REPLENS has 
been proven to be more effective than the most 
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moisturization.'! REPLENS increases mucosal 
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When used three times a week, REPLENS 
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to reapply before intercourse — encouraging 
spontaneity and avoiding embarrassment. 


For your patients over 40 and some 
younger, restore a natural feeling 


Menopausal women, nursing mothers, and any 
of more than 25 million women who suffer 
from vaginal dryness will appreciate your 
recommendation of REPLENS. When you 
replenish vaginal moisture, you bring back a 
sense of youth and confidence that many 
women thought they had lost forever. 
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BRIEF SUMMARY 
Yo-Levien®—6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-aipha-ethinyi-17 -beta-hydroxy- 
gon-4-en-3-one}. a totally synthetic progestogen, and 0.030 mg of ethinyi estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne-3, 17- 
diol}; 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets. each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients sre included in 
the 28-day triphasic regimen). 

indications and Usage— Tri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OCs) as a method of contraception. 

Contraindicatiens—OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders, 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Uindiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warming No. 5). 8. Benign or malignant liver tumor which 
developed during the use of OCs or other estrogen-containing products. 
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increases the risk of seriaus cardiovascular side effects tram oral contraceptive use. This risk increases with age and 
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contraceptives should ke strongly net to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, gallbiadder disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the foliawing information relating to these risks. 


1, Thromboembotic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—in a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the tisk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—-An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
undertying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeciamptic toxemia) the higher the risk of developing myocardial infarction, regardiess of whether the patient was an OC user of 
not, OCs, however, were found to be a clear additional risk factor. in terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF OGSE—-In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States, : 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES-—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use. The overal! excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—-5/100,000; ages 35-44—33/100,000; ages 45-49-—140/100,000) the risk being concentrated in 
older women, in those with a tong duration of use and in cigarette smokers, It was not 
possible, however, to examine the interrelationships of age, smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, ali of 
these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception, The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method failure. This fatter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with ali methods of birth contro! is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with a after 
approximately age 30 and, for myocardial intarction, is further increased by hypertension, hypescholesterolemia, obesity, dial 

history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g... thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug should 
be discontinued immediately. A four-to-six-told increased risk of postsurgery thromboembolic complications has been reported in OC 
users. If feasible, OCs should be discontinued at least 4 S before surgery af a type associated with an increased risk of 
thromboembolism or prolonged immobilization 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—-Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study. the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. in the U.S. study an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papiliedema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain anima! species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. in humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
adenocarcinoma of the endometrium (ee irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
women who had used a sequential OC. These products are na longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-onty OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens, One study, however, while also noting no overall increased risk of breast 
tancer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. in summary there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveiliance of all women taking OCs 
ig, nevertheless, essential. in ail cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs, One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign. 
hepatic adenomas may rupture and o cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
weil as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use, While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drags to this type of malignancy is not known at this time. 

$. Use in or Immediately Preceding Pregnancy, Birth Detects in Offspring and Malignancy in Female Offspring: The use ot female sex 
hormones— both estrogenic and progestational agents— during early pregnancy may seriously damage the offspring. it has been 
shown that females exposed in utero to diethyistibestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures of less. Although there is no evidence at the present time that OCs further enhance the risk ‘of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although simitar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes, An increased risk of congenitai anomalies, including heart defects and timb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy One case-control study has estimated a 4.7 -foid 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment, 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. in the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence trom well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triptoidy and possibly other types of polyploidy are increased among abortuses 
fram women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be tuled out betore continuing. H the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. It pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy 
6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. in 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. in one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Tri- 
Levlen Tablets (Levonorgestrel and Ethiny! Estradio! Tablets Triphasic Regimen} formulation and no significant alterations in lipid: 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study The clinical significance of these 
findings remains to be defined. 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension, 
may occur within a few months of beginning OC use. in the first year of use, the prevalence of women with hypertension is low in users: 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year Age is atso strongly correlated with, 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely te: 
develop elevation of blood pressure when given OCs, Hypertension that develops as a result of taking OCs usually returns to normat 
after discontinuing the drug. 
9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent ot 
severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. Ir! 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. Ire 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy If pathology has been excluded, time or a change to another formutation may solve the problem. Changing tc 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity should be done only if necessary 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea oi 
young women without regular cycles may have a tendency to remain anovulatory or to become amenortheic after discontinuation o° 
OCs, Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 
11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a smali fraction of the hormonal agents in OCs has deen identified in the milk of mothers 
receiving these drugs. The effects, if any on the breast-fed child have not been determined, If feasible, the use of OCs should bë 
deferred until the infant has been weaned. 
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Accelerated starvation in late pregnancy: A comparison 
between obese women with and without gestational 


diabetes mellitus 


Thomas A. Buchanan, MD,* Boyd E. Metzger, MD, and Norbert Freinkel, MD} 


Chicago, Illinois 


We compared the glucose, insulin, free fatty acid, and 3-hydroxybutyrate responses to a briefly extended 
overnight fast during the third trimester of pregnancy between two groups: obese women with normal 
glucose tolerance (n = 10) and age- and weight-matched women with gestational diabetes mellitus 

{n = 10). After a 12-hour overnight fast, plasma glucose (95 + 4 vs. 78 + 2 mg/dl; p < 0.01), insulin 

(32 + 5 vs. 17 + 2 pU/mi; p < 0.02), and free fatty acid (860 + 63 vs. 639 + 79 mmol/L; p < 0.05) 
levels were higher in the patients with gestational diabetes mellitus. 3-Hydroxybutyrate levels were similar 
in the two groups at that time (0.23 + 0.04 vs. 0.18 + 0.03 mmol/L; p > 0.3). When the fast was 
extended to 18 hours by having the patients skip breakfast, glucose levels fell more rapidly in the group 
with gestational diabetes mellitus but remained elevated compared with the nondiabetic women. Insulin 
levels declined at a similar rate in the two groups. Free fatty acid levels did not increase significantly in the 
group with gestational diabetes mellitus during the extended fast. In contrast, free fatty acid levels 
increased by 44% in the normal pregnant women, reaching the level observed in the group with 
gestational diabetes mellitus after 18 hours. 3-Hydroxybutyrate levels remained virtually identical in the two 
groups throughout the brief fast. Thus, compared with that of normal pregnant women, the response of 
obese women with gestational diabetes mellitus to brief caloric deprivation during late pregnancy was 
characterized by a greater fall in plasma glucose values without a greater propensity to ketosis. Our 
findings may have important implications for the dietary management of obese patients with gestational 


diabetes mellitus. (AM J Osstet GyNecoL 1990;162:1015-20.) 


Key words: Gestational diabetes, obesity, ketosis, fasting 


Gestational diabetes mellitus is currently defined as 
glucose intolerance with onset or first recognition dur- 
ing pregnancy."? As such, the diagnosis of gestational 
diabetes mellitus is based on abnormal carbohydrate 
metabolism in the fed state. Diurnal studies reveal that 
women with gestational diabetes mellitus have fed-state 
abnormalities in circulating lipid and protein fuels as 
well.*® These fed-state abnormalities may result in part 
from defects in nutrient-stimulated insulin secretion 
that are present in many women with gestational dia- 
betes mellitus.” 
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The fasted state in gestational diabetes mellitus has 
been less well characterized. It is clear that pregnancy 
per se normally is associated with a rapid adaptation to 
fat catabolism during fasting,’*!* a phenomenon we 
have termed “accelerated starvation.”'* '* '® We have 
postulated that this phenomenon occurs when circu- 
lating maternal insulin levels fall during fasting, leaving 
unopposed the catabolic effects of hormones such as 
human placental lactogen, estradiol, and progester- 
one.'*?' Whether accelerated starvation occurs to a sim- 
ilar degree in women with gestational diabetes mellitus, 
or perhaps is exaggerated by their relative insulin de- 
ficiency, is unknown. Nonetheless, concern that accel- 
erated starvation might be exaggerated in women with 
gestational diabetes mellitus has limited the use of ca- 
loric restriction as therapy for obese patients with that 
disease.? We conducted the present study to determine 
whether obese patients with gestational diabetes mel- 
litus are truly at increased risk for accelerated starvation 
during late pregnancy. 


Material and methods 


Subjects. The study population consisted of 20 over- 
weight women (prepregnancy weight >120% of ideal) 
who were tested between weeks 30 and 36 of singleton 
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Table I. Age, weight, and gestational age of obese normal pregnant women and obese women with 


gestational diabetes* 


Gestational age 


Prepregnancy weight Pregnancy weight gain 
Subject | Age (yr) (% ideal) (kg) (wh) 


28.2 + 1.4 
28.4 + 1.3 


Normal pregnant 
Gestational diabetic 


143 + 6 
142 + 6 


10.7 + 1.8 
12.0 = 1.4 


32.8 + 0.6 
33.4 + 0.6 


*Pregnancy weight gain is the difference between prepregnancy weight and weight on the day of testing. Gestational age was 
determined by menstrual history and, where indicated, ultrasonography. None of the mean values differed between normal 


pregnant and gestational diabetic groups at the 0.05 level. 


pregnancies. Ten of the women met National Diabetes 
Data Group criteria for gestational diabetes mellitus.' 
Fasting plasma glucose levels were <130 mg/dl in all 
of these women. The remaining 10 women had no 
evidence for glucose intolerance during pregnancy, as 
determined by a venous plasma glucose value <120 
mg/dl 1 hour after ingesting 50 gm of glucose. Data 
from seven of these normal women have been reported 
previously.” 

Each normal woman was matched with a woman with 
gestational diabetes mellitus according to age (within 5 
years) and prepregnancy relative weight (within 10%). 
None of the women with gestational diabetes mellitus 
had received exogenous insulin treatment before the 
study. Women with pregnancy complications other than 
gestational diabetes mellitus and those ingesting med- 
ications other than vitamin or iron supplements were 
excluded from study. All women gave written, in- 
formed consent of their participation in the study, 
which was approved by the Institutional Review Board 
of Northwestern University Medical School. 

Study protocol 

Day 1. After at least 3 days on a diet that provided 
38 kcal/kg ideal body weight, subjects were admitted 
to the Clinical Research Center and given dinner at 
6 pm. Food was then withheld until the completion of 
blood sampling the following day. 

Day 2. An indwelling antecubital venous catheter was 
introduced at 5 AM and kept patent with a slow infusion 
of physiologic saline solution. Blood samples were ob- 
tained through this catheter at 6 AM, 8 AM, 10 AM, and 
12 noon while patients remained at bed rest. Samples 
were drawn into iced heparinized tubes and plasma was 
separated immediately and stored at — 20° C for sub- 
sequent analysis. 

Analytic techniques. Plasma glucose levels were 
measured by glucose oxidase (Beckman Glucose Ana- 
lyzer II; Beckman Instruments, Inc., Fullerton, Calif.). 
Insulin was measured by a double-antibody radioim- 
munoassay with human insulin standard (Eli Lilly, In- 
dianapolis, Ind.) and guinea pig antibeef insulin anti- 
body, 3-Hydroxybutyrate” and free fatty acids” were 
measured enzymatically. 

Data are presented as mean + SE. The statistical sig- 
nificance of intergroup differences in plasma glucose, 


insulin, free fatty acid, and 3-hydroxybutyrate concen- 
trations was determined by unpaired ¢ tests. Intragroup 
changes in metabolic fuel and insulin levels over time 
were detected by analysis of variance. Correlations be- 
tween variables were assessed by a rectilinear regression 
model by the method of least squares. 


Results 


Means of age and nonpregnant relative weight were 
similar in the control and gestational diabetic groups 
(Table 1). The gestational age and pregnancy weight 
gain at the time of testing were also similar in the two 
groups (Table 1). The mean of the sum of the 0-, I-, 
2-, and 3-hour plasma glucose values during diagnostic 
oral glucose tolerance tests in the 10 women with ges- 
tational diabetes mellitus was 631 + 17 mg/dl (range, 
565 to 742 mg/dl). 

Plasma glucose levels after a 12-hour fast were higher 
in the patients with gestational diabetes than in the 
nondiabetic control group (Fig. 1, upper left). Extension 
of the fast to 18 hours resulted in a decline in plasma 
glucose levels in both groups. The magnitude of the 
decline was greater in the group with gestational dia- 
betes than in the control group (15 + 2 vs. 9+ 1 
mg/dl; p = 0.01). This difference persisted when we 
expressed the decline in glucose as a percent of the 
12-hour fasted value (16% + 2% vs. 11% = 1%; 
p < 0.05). Thus the greater absolute decline in glucose 
in the group with gestational diabetes mellitus was not 
simply the result of their higher 12-hour fasting glucose 
levels. Despite the more rapid decline in the group with 
gestational diabetes mellitus, glucose values remained 
higher than in the nondiabetic women throughout the 
sampling period. 

Like glucose, plasma insulin levels (Fig. 1, upper right) 
were elevated in the group with gestational diabetes 
mellitus after an overnight fast (32 + 5 vs. 17 + 2 
U/ml; p < 0.02). Insulin levels subsequently declined 
in both groups as the fast was extended to 18 hours. 
However, we could not detect a difference in the mag- 
nitude of this decline between the two study groups. 
Insulin levels in the normal pregnant group fell by a 
mean of 34% + 3% between hours 12 and 18 of fasting. 
This was similar to the 36% + 3% decline that we ob- 
served in the women with gestational diabetes mellitus. 
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Fig. 1. Plasma glucose, insulin, free fatty acid (FFA), and 3-hydroxybutyrate (3-OHB) responses to 
brief fasting during late pregnancy in obese normal pregnant and gestational diabetic (GDM) women. 
Blood samples were obtained at 6 AM, 8 AM, 10 AM, and 12 noon, corresponding to 12, 14, 16, and 
18 hours of fasting, respectively. p, Statistical significance of differences between groups at a single 
time; NS, p > 0.05; asterisks, differences within a group over time: Single asterisk, p < 0.05; double 


asterisk, p < 0.01 vs. 12-hour fasted level. 


The mean of plasma free fatty acid levels (Fig. 1, 
lower left) was higher after a 12-hour overnight fast in 
the women with gestational diabetes mellitus than in 
the normal pregnant women (859 + 63 vs. 639 + 79 
mmol/L; p< 0.05). Free fatty acid levels’ had not 
changed significantly in the group with gestational di- 
abetes after 18 hours of fasting (960 + 55 mmol/L; 
p> 9.12 vs. 12-hour fasting mean). By contrast, the 
nondiabetic group exhibited a 44% increase in the 
mean free fatty acid level during this same interval (to 
922 + 50 mmol/L; p < 0.01 vs. 12-hour value). As a 
result, plasma free fatty acid levels were similar in the 
control and gestational diabetic groups at the end of 
the 18-hour fast. 

Despite higher free fatty acid levels throughout.most 
of the 6-hour sampling period, women in the gesta- 
tional diabetic group did not develop a greater ketosis 
than did the normal pregnant women. The mean 3- 
hydroxybutyrate levels (Fig. 1, lower right) were similar 
in the two groups after a 12-hour fast and increased in 
parallel during the ensuing 6 hours of caloric depri- 
vation. i l 

To determine whether the above metabolic fuel and 


insulin patterns were affected by the degree of meta- 


bolic decompensation in the women with gestational 
diabetes mellitus, we performed two analyses. First, we 
divided thẹ group with gestational diabetes mellitus 
into women with mean third-trimester fasting plasma 
glucose levels <105 mg/dl (n = 6) and those with fast- 
ing plasma glucose levels =105 mg/dl (n = 4). The two 


_ subgroups ‘did not differ significantly in mean age 
` (28 + 2 vs, 29 + 3 years), relative weight before preg- 


nancy (143% + 9% vs. 140% + 7% of ideal), or weight 
gain during pregnancy (13 + 2 vs. 11 + 3 kg). As ex- 
pected, mean plasma glucose levels in the women with 
fasting plasma glucose levels =105 mg/dl were higher 


_ than in the women with fasting plasma glucose levels 


<105 mg/dl throughout the sampling period (Fig. 2, 
upper left). However, glucose levels fell in parallel 
in the two groups. The insulin, free fatty acid, and 3- 
hydroxybutyrate patterns were also similar throughout 
the briefly extended overnight fast (Fig. 2). Thus, 


_ within the range of gestational diabetes mellitus that 


we studied (fasting plasma glucose levels, 75 to 121 


- mg/dl), none of the changes of accelerated starvation 


detected during our skipped-breakfast protocol was 
exaggerated in the small group of women with elevated 
fasting plasma glucose levels. For our second analysis 
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Fig. 2. Plasma glucose, insulin, free fatty acid (FFA), and 3-hydroxybutyrate (3-OHB) responses to 
brief fasting in obese women with gestational diabetes mellitus (GDM) and mean third-trimester 
fasting plasma glucose (FPG) levels <105 mg/dl or #105 mg/dl. The statistical significance of 
differences within groups is denoted by asterisks, as in Fig. 1. Only glucose levels differed significantly 


between groups (p < 0.05 at all times). 


we examined the relationships between 12-hour fasting 
glucose levels and the changes in free fatty acid and 3- 
hydroxybutyrate values during the extended fast in 
women with gestational diabetes mellitus. We could 
not identify a significant linear correlation between 
these variables (p > 0.3 for fasting plasma glucose 
and change in free fatty acid values; p > 0.4 for fast- 
ing plasma glucose and change in 3-hydroxybutyrate 
levels), supporting the conclusion that greater decom- 
pensation in carbohydrate metabolism in our patients 
was not associated with an enhanced propensity to ke- 
tosis. 


Comment 


We performed this study to determine whether met- 
abolic fuel and insulin responses to caloric deprivation 
differ between obese pregnant women with and those 
without gestational diabetes mellitus. We were partic- 
ularly interested in the possibility that the women with 
gestational diabetes mellitus might demonstrate a 
greater propensity to ketosis during caloric deprivation. 
We used a briefly extended overnight fast to address 
this issue because we initially used that protocol to dem- 
onstrate the changes of accelerated starvation in normal 


pregnant women during the third trimester.'’ In re- 
sponse to brief fasting, we found two differences be- 
tween our age- and weight-matched normal pregnant 
and gestational diabetic patients. First, glucose levels 
fell more rapidly in the women with gestational diabetes 
mellitus. This difference was not simply a function of 
the elevated fasting glucose levels in the group with 
gestational diabetes mellitus, because the rate at which 
glucose declined in that group remained greater when 
expressed relative to the overnight-fasting glucose 
level. Second, free fatty acid levels were elevated after 
a 12-hour fast in women with gestational diabetes mel- 
litus but did not increase further during 6 additional 
hours of fasting. This pattern was clearly different from 
that of the nondiabetic pregnant group, in which lower 
12-hour fasting free fatty acid levels rose during the 
briefly extended fast, reaching the levels seen in the 
group with gestational diabetes mellitus by 18 hours of 
fasting. Despite this intergroup difference, which re- 
sulted in higher free fatty acid levels in the group with 
gestational diabetes mellitus throughout most of the 
study period, gestational diabetes was not associated 
with an increased propensity for ketosis during fasting. 
Indeed, circulating 3-hydroxybutyrate levels were vir- 
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tually identical in the normal pregnant group and the 
group with gestational diabetes mellitus between hours 
12 and 18 of fasting. This finding suggests that the 
conversion of free fatty acid to ketones was dampened 
in the women with gestational diabetes mellitus, per- 
haps because of the elevated circulating insulin levels 
that we observed in that group. 

Because fasting glucose levels varied among women 
in the group with gestational diabetes mellitus, we sep- 
arately examined the responses to fasting of patients 
with gestational diabetes with normal (<105 mg/dl) 
and elevated (+105 mg/dl) fasting glucose levels. We 
found that the free fatty acid and 3-hydroxybutyrate 
responses were virtually identical in the two groups. In 
addition, we could not detect any relationship between 
12-hour fasting plasma glucose levels and the change 
in free fatty acid or 3-hydroxybutyrate values during 
the extended fast in the 10 women with gestational 
diabetes mellitus. We conclude from these findings 
that even our subjects with the greatest degree of 
metabolic decompensation were not abnormally vul- 
nerable to the ketogenic effects of fasting during late 
pregnancy. 

Our findings may not be applicable to all patients 
with gestational diabetes mellitus. We studied only 
obese subjects, because the response to caloric depri- 
vation in this group may have important implications 
for their dietary management. We do not know 
whether lean women with gestational diabetes melli- 
tus would respond in a similar fashion. Likewise, we 
have not examined the effects of brief caloric depri- 
vation in women with overt diabetes (e.g., non-insulin- 
dependent diabetes or gestational diabetes mellitus with 
fasting plasma glucose levels >130 mg/dl). It is possible 
that those women would be abnormally sensitive to the 
ketogenic effects of fasting during late pregnancy. 
However, our results clearly indicate that women with 
the most common clinical type of gestational diabetes 


mellitus in our experience (i.e., obese patients with ' 


fasting plasma glucose levels <130 mg/dl”) are no 
more vulnerable to ketosis during brief caloric depri- 
vation in late pregnancy than are nondiabetic pregnant 
women. 

The clinical implications of our findings relate to the 
dietary management of obese patients with gestational 
diabetes mellitus. The safety and efficacy of caloric re- 
striction in these patients have not been defined.® Con- 
cern that women with gestational diabetes might be 
unusually vulnerable to maternal ketosis, which has 
been associated with impaired intellectual development 
in offspring,?* * has precluded large-scale studies of 
dietary restriction in this patient group. Because we 
observed a decline in glucose levels in our patients in 

_ the absence of an abnormal propensity to ketosis, our 
results suggest that mild dietary restriction might be 
useful in obese patients with gestational diabetes mel- 
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litus. Indeed, Maresh et al. reported results from a 
small number of patients treated with varied caloric 
restriction during late pregnancy. They observed a fall 
in plasma glucose levels with only slight elevations of 
circulating 3-hydroxybutyrate levels. Likewise, Algert 
et al. reported the absence of ketonuria in a small 
group of obese women with gestational diabetes treated 
with diets that provided 25 kcal/kg ideal body weight. 
If these findings can be corroborated in larger patient 
groups with careful documentation of normal intellec- 
tual development in offspring, mild caloric restriction 
may prove to be a useful therapy for obese women with 
gestational diabetes mellitus. 


We thank the nurses of the Clinical Research Center 
of Northwestern University for their help in perform- 
ing these studies and Joyce Schemmer for her excellent 
technical assistance. 
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Maternal serum a-fetoprotein in twin pregnancy 


J. M. Johnson, MD, C. R. Harman, MD, b À. Evans, 1 PhD, K. MacDonald, MSc, and 


. F.'A. Manning, MD 
Meee Manitoba, Canada 


Maternal s serum a- fetoprotein concentration was measured at 14 to 20 weeks’ gestation in 138 twin 


pregnancies. All patients had at least one ultrasonographic examination (86% before 20 weeks’ gestation). 
Two pregnancies were discordant for open fetal defects (one anencephaly, one gastroschigis). The median 
serum «-fetoprotein valie in the remaining 136 twin pregnancies paralleled a curve 2.5 times the median 
curve for singleton pregnancies over the gestational range studied. Higher serum «-fetoprotein values ` 
correlated significantly with i increasing incidence of fetal and neonatal death, premature delivery (<35 
weeks’ gestation), arid twin-to-twin birth discordance (>20%), most pronounced at >4 multiples of the 
singleton median level. A significant negative correlation between a-fétoprotein and birth weight was 
observed (p < 0: 001), but was related more to prematurity than tó poor fetal growth. Theoretically, serum 
a-fetoprotein screening detected 56. 5% of the twins in this study when a cutoff level of 2.5 multiples of the 
median was used, enhancing twin-detection in the study population by 40%. These data indicate that ` 
maternal serum a-fetoprotein screening has a valuable role in the management of twin pregnancy, both in 
the detection of twins and in the prediction of perinatal outcome in twin pregnancy. (Am J OBsTET GYNECOL 


1990;162:1020-5.) 


Key words: Twins, a-fetoprotein, perinatal outcome. 


Maternal serum, a-fetoprotein screening is a means 
of selecting pregnant women from the general obstetric 
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population who are at increased, risk of open neural 
tube defects. In such cases investigation by ultra- 
sonographic examination and amniocentesis, as nec- 
essary, are indicated.’ However, the advantages of a- 
fetoprotein screening are not limited to detection of 
fetal neural tube defects. Elevated second-trimester a- 
fetoprotein values may indicate underestimated ges- 
tational age, multiple pregnancy, intrauterine death, or 
other fetal malformations.’ In addition, elevated serum 
«-fetoprotein concentrations in apparently normal sin- 
gleton pregnancies are associated with an increased fre- 
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Table I. Sensitivity and positive predictive 
value of maternal serum a-fetoprotein 
screening* in the detection of twin 
pregnancies at various cutoff levels 











Twin pregnancies 
detected Sensitivity | Positive predictive 
value 


78.2 . 10.9 
56.5 19.2 
40.5 28.1 
17.4 32.0 


*Total population screened: n = 13,449. 


{Multiples of the median e-fetoprotein value for singleton 
pregnancies. 


quency of low-birth-weight infants and increased peri- 
natal death.” * ; 

In twin pregnancy, the median serum a-fetoprotein 
level is elevated, ranging from 2.0 to 2.5 multiples of 
the singleton median.** As determined by the cutoff 
level used for screening (2.0 or 2.5 multiples of the 
median), an elevated serum a-fetoprotein will be ex- 
plained by multiple gestation in approximately 10% 
to 20% of cases. The significance of the serum a- 
fetoprotein level once twins are known remains unclear. 
In the present study we examined twin pregnancies 
(with or without fetal abnormalities) to assess the prog- 
nostic significance of the serum a-fetoprotein level es- 
timated in the second trimester. Specifically, we wished 
to determine a serum a-fetoprotein cutoff level for twin 
pregnancy, above which further diagnostic investiga- 
tions and fetal monitoring would be indicated. 


Material and methods 


The study group for this article consisted of women 
with twin pregnancy confirmed by ultrasonography, 
with at least one valid serum a-fetoprotein determi- 
nation. Patients followed a specific protocol that in- 
cluded: (1) use of 2.5 multiples of the median as 
the cutoff level to define an elevated maternal a- 
fetoprotein value, (2) repetition of the assay on all re- 
sults between 2.0 and 2.4 multiples of the median, and 
(3) adjustment of all serum a-fetoprotein values for 
maternal weight and insulin-dependent diabetes mel- 
litus. Twin a-fetoprotein levels were expressed as mul- 
tiples of the median a-fetoprotein for the relevant week 
of gestation in singleton pregnancies not complicated 
by open fetal defects. Gestational age was determined 
with combined menstrual history, if reliable, and ultra- 
sonographic data. The first reported a-fetoprotein 
value for each twin pair was the index for statistical 
analysis. 

Outcome data were collected in all pregnancies for 
congenital anomalies, fetal and neonatal death, low 
birth weight, twin-to-twin discordance, and premature 
delivery. Fetal deaths included abortions, fetus papy- 
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Table II. Actual detection of twins in study 
population (mean = 18.2 weeks) 


Gestational age 
at first 
ultrasonographic 
examination (wk) 







No. twin 


pregnancies 
detected 


Indication for first 
ultrasonographic examination 





Elevated serum a- 
fetoprotein level 
(MOM*) 

Routine datingt 

Large for dates} 

Before genetic amnio- 
centesis 


56 (40.5%) 19 16-23 


48 (34.7%) 17 5-29 
98 (20.2%) 21 14-27 
6 (4.3%) 16 15-18 





*2.5 multiples of the median for singleton pregnancies. 

{Includes 13 patients with elevated serum a-fetoprotein 
values. 

Includes 9 patients with elevated serum a-fetoprotein 
values. 


raceus, and stillbirths. Birth weight percentiles were 
determined for infants born after 26 completed weeks’ 
gestation, with low birth weight defined as less than the 
10th percentile. The actual birth weight was taken as 
the combined birth weight of the two infants. Discor- 
dant growth was defined as a difference of =20% in 
the actual birth weights calculated by the formula 
(A — B/A) x 100 where A and B were the birth 
weights of the larger and smaller twin, respectively. 
Premature delivery was defined as delivery before 34 
completed weeks’ gestation. 

Linear regression analysis was used to determine the 
relationship between maternal serum a-fetoprotein 
levels in early pregnancy and subsequent infant birth 
weight. The one-tailed Fisher exact test and the Scheffé 
post hoc test were used to evaluate the relationship 
between the remaining pregnancy outcome variables 
and the serum a-fetoprotein value obtained. 


Results 

During a 5-year period beginning March 1, 1982, a 
total of 13,449 pregnant women underwent maternal 
serum a-fetoprotein screening. The incidence of mul- 
tiple pregnancy was 145 of 13,449 (1.08%). Three sets 
of triplets and four twins whose first a-fetoprotein val- 
ues were measured later than 20 weeks’ gestation were 
excluded, leaving 138 twin pregnancies for analysis. 

The first serum a-fetoprotein determination for this 
population was done at 16 weeks’ gestation, on average, 
and was above the singleton median in all cases (range, 
1.0 to 18.5 multiples of the median). In 108 of 138 
cases (78.2%) the serum a-fetoprotein value was =2.0 
multiples of the median, and in 78 of 138 (56.5%) it 
was =2.5 multiples of the median. The screening cutoff 
for investigation of open neural tube defects in our 
program is 2.5 multiples of the median; 56.5% of twins 
in this study fell above that level. The sensitivity and 
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Maternal serum alpha-fetoprotein concentration (ng/L) 


eens Poe 
14 15 16 17 18 #19 20 


Gestational age (weeks) 





Fig. 1. Gestational age—specifi¢ median serum a-fetoprotein 
concentrations for unaffected pregnancies (no open fetal de- 
fects). Normal median a-fetoprotein values for singleton 
pregnancies (open circles) are represented by line A (n = 4400). 
Median a-fetoprotein values for twin pregnancies (solid circles) 
are represented by line B (n = 111). Dotted line (C) represents 
cutoff for screening for neural tube defects in our population 
(2.5 times the normal singleton median). 


positive predictive value of serum a-fetoprotein screen- 
ing in the detection of twins at various cutoff levels are 
shown in Table I. 

All patients had at least one ultrasonographic ex- 
amination, 119 of 138 (86%) before 20 weeks’ gesta- 
tion. In 56 of the 138 patients, the initial ultrasono- 
graphic examination was performed because of an 
elevated serum a-fetoprotein value (=2.5 multiples of 
the median), and twins were detected. Therefore, a- 
fetoprotein screening was responsible for the actual 
detection of 40.5% of twins in the study popula- 
tion. Twenty-two patients with an elevated serum a- 
fetoprotein value underwent ultrasonographic exami- 
nation because of clinical indications before their serum 
a-fetoprotein was known (Table IJ). 

Two twin pregnancies were discordant for open fetal 
defects (one anencephalic, one gastroschisis). Their 
serum a-fetoprotein values were 18.5 and 6.9 multiples 
of the median, respectively. The median serum a- 
fetoprotein values for the remaining 136 twin preg- 
nancies at each week between 14 and 20 weeks’ ges- 
tation are shown in Fig. 1. 

Table III shows the outcome of these pregnancies in 
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relation to the serum a-fetoprotein obtained. Increas- 


_ing serum a-fetoprotein values correlated significantly 


with increasing incidence of each of the outcome vari- 
ables studied, beginning at a serum a-fetoprotein level 
of 4.0 multiples of the median. The only variable that 
did not show statistical significance at a level of 4 mul- 
tiples of the median was low birth weight, although it 
did show a similar correlation. 

A highly significant negative correlation between ma- 
ternal serum a-fetoprotein and birth weight was ob- 
served (R = — 0.385, p < 0.001). The mean combined 
birth weights and mean gestational ages at delivery in 
relation to the serum a-fetoprotein level are shown in 
Table IV. When the serum a-fetoprotein was >4 mul- 
tiples of the median, patients were delivered of infants 
an average of 3.3 weeks sooner and the infants weighed 
an average of 1.4 kg less than when the serum a- 
fetoprotein value was <4.0 multiples of the median 
(p < 0.05). 

The incidence of twin pregnancy with extremely el- 
evated serum a-fetoprotein levels (>5 multiples of the 
median) was 13.8% (10 of 138). Of these, only one 
pregnancy resulted in two healthy, live-born surviving 
twins (patient number 1, Table V). The remaining nine 
pregnancies were associated with significant compli- 
cations that included a total of seven stillbirths, two 
neonatal deaths, and four major congenital anomalies 
(Table V). The total incidence of twin pregnancies dis- 
cordant for congenital anomalies was 5% (7 of 138). 
The remaining anomalies were one Potter’s syndrome, 
one hypoplastic left ventricle, and one set of conjoined 
twins. Their serum a-fetoprotein values were 2.1, 2.3, 
and 2.8 multiples of the median, respectively. 

A normal pregnancy outcome was defined as live 
born twins delivered at >34 weeks’ gestation, both sur- 
viving. There was an inverse relationship between 
a-fetoprotein and normal outcome, with 43% normal 
outcome at the 4 multiples of the median level and only 
10% at the 5 multiples of the median level. This is 
in contrast to the twin pregnancies with serum a- 
fetoprotein values <4 multiples of the median that were 
associated with normal outcomes in 66% of cases. 


Comment 


Serum a-fetoprotein levels between 14 and 20 weeks’ 
gestation are elevated in twin pregnancies, which is in 
agreement with previous studies.**7 In the present 
study, all the uncomplicated twin pregnancies had 
a-fetoprotein levels above the median value for single- 
ton pregnancies, and the median value in twin preg- 
nancies was approximately 2.5 multiples of the median 
for singletons. Because 2.5 multiples of the median is 
the level currently used in most serum screening pro- 
grams for the prenatal diagnosis of fetal neural tube 
defects, 50% of twin pregnancies should be identified 
through serum screening. In our study, 56.5% of the 
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Table III. Relationship between perinatal outcome and serum a-fetoprotein levels in twin pregnancies 










Fetal neonatal deatht 
Maternal serum 
a-fetoprotein 


<4.0 114 18 16 — 
4.0 24 8 33 0.0494 
5.0 10 6 60 0.028% 





*Multiples of the median value for singleton pregnancies. 
tIncludes abortions, fetus papyraceus, and stillbirths. 





Birth weight discordance 
(>20%) 


Premature delivery 
(<34 wh) 
















16 14 — 24 21 — 
11 46 0.001§ 14 58 0.0018 
7 70 0.0008 7 70 0.0044 


$p < 0.05, Compared with serum a-fetoprotein <4 and 5 multiples of the median, respectively (one-tailed Fisher exact test). 
$p < 0.001, Compared with serum a-fetoprotein <4 and 5 multiples of the median, respectively (one-tailed Fisher exact test). 


Table IV. Relationship between serum a-fetoprotein level and mean birth weight and gestational age at 
delivery 











Maternal serum 
a-fetoprotein 
level (MOM*) 






No, twin 
pregnanciest 


<2.5 50 
2.5-4.0 35 
>4.0 18 


*Multiples of the singleton median. 






Total birth weight} 
(gm) 


Gestational aget 
(wk) 


4888.7 + 195.3 36.1 + 0.48 
5128.0 + 266.4 36.2 + 0.65 
3618.3 + 435.1§ 32.8 + 1.3§ 


tExcludes abortions, fetus papyraceus, and deliveries <26 weeks’ gestation. 


Data are the mean + SEM. 


$p < 0.05, Compared with serum a-fetoprotein <4.0 multiples of the median (Scheffé post hoc test). 


twin pregnancies and both of the open fetal defects 
were detected at a cutoff level of 2.5 multiples of the 
median. This level was also associated with a reason- 
able positive predictive accuracy; 20% of elevated a- 
fetoprotein levels were explained by twin pregnancy. 
A cutoff level of 2.0 multiples of the median would 
have detected 78% of the twin pregnancies and all seven 
congenital anomalies, but the large increase in work 
load might not be justifiable because the positive pre- 
dictive accuracy at this level is low; only 10% of high 
test results are explained by twin pregnancy. Never- 


theless, despite the widespread use of obstetric ultra- 


sonography, a-fetoprotein screening was directly re- 
sponsible for detection of twin pregnancies in 40% of 
our cases and made a valuable clinical contribution. 
The approximate doubling of serum a-fetoprotein 
levels in uncomplicated twin pregnancies likely repre- 
sents the doubled source of a-fetoprotein and the 
greater potential for a-fetoprotein transfer across the 
larger areas of placenta and membranes. Given that 2.0 
to 2.5 multiples of the median is the normal median 
for twins, it follows that twin pregnancies with serum 
a-fetoprotein values outside of this normal range may 
be at increased risk of poor pregnancy outcome and 
that an upper limit of normal for twins should exist. 
The present study shows that increased serum a- 
` fetoprotein levels in twin pregnancy correlate with in- 


creasingly poor pregnancy outcome. For all parameters 
studied, the incidence of adverse outcome becomes sig- 
nificant at 4.0 multiples of the median, which suggests 
this as the upper limit of normal for twins. Whereas 
these data parallel those of previous authors,*”*° the 
finding of an inverse correlation of serum a-fetoprotein 
and birth weight discordance has not been previously 
reported. The antenatal detection of twin-to-twin dis- 
cordancy is important because of the increased peri- 
natal mortality and morbidity associated with this con- 
dition, especially of the smaller twin.'® 

In our study 13 of 27 patients (48%) with twin-to- 
twin discordance had significant perinatal complica- 
tions that included five twins discordant for major con- 
genital anomalies (three lethal) and one twin-to-twin 
transfusion syndrome. In five of the remaining seven 
pregnancies, the smaller twin required admission to the 
intensive care nursery; in two cases both twins required 
admission. The incidence of these perinatal complica- 
tions increased with increasing serum e-fetoprotein val- 
ues; 8 of 11 discordant twins with a serum a-fetoprotein 
>4 multiples of the median (72.7%) were affected, as 
compared with 5 of 16 (31.2%) when the a-fetoprotein 
was <4 multiples of the median. The mechanism for 
elevated serum a-fetoprotein values in twins with dis- 
cordant birth weight, in the absence of open fetal de- 
fects, is unknown. Chronic villitis, placental vascular 
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Table V. Outcome of twin pregnancies with serum a-fetoprotein levels 5 multiples of the median 












Maternal serum 
a-fetoprotein 
level (MOM*) 





Patient Gestational aget 


(wk) 





1 5.8 37 
2 6.0 31 
3 6.3 33 
4 6.9 36 
5 7.0 23 
6 7.5 34 
7 7.6 41 
8 10.5 20 
9 12.5 20 
10 18.4 37 


*Multiples of the median for singleton pregnancies. 
+Gestational age at delivery. 
Associated with hydramnios and discordant growth. _ 


lesions, and fetal maternal hemorrhage have all been 
proposed as causes of unexplained elevated serum a- 
fetoprotein values in singleton pregnancies, especially 
in association with intrauterine growth retardation.* " 
In the case of twins, these mechanisms could lead to 
divergent growth patterns, particularly if only one pla- 
centa was affected. 

A significant negative correlation between combined 
birth weight (A + B, Table IV) and the a-fetoprotein 
level was also observed. Such a correlation has been 
shown by others, both in singleton and multiple preg- 
nancies.*° In our study, the incidence of preterm de- 
livery correlated with increasing serum a-fetoprotein 
values, whereas the incidence of low birth weight did 
not. This suggests that the worsening outcome with 
higher maternal serum a-fetoprotein values in twins is 
mediated significantly by prematurity rather than by 
impaired fetal growth. 

The incidence of abnormal pregnancy outcome in 
twins with abnormally elevated serum a-fetoprotein 
values (>4 multiples of the median) appears to be 
higher than for singletons with similarly elevated 
a-fetoprotein values. In singleton pregnancies with se- 
rum a-fetoprotein levels >2.5 multiples of the singleton 
median, the incidence of pregnancy complications is 
approximately 25% to 35%. This is in contrast to the 
twin pregnancies studied in which maternal serum a- 
fetoprotein >4 multiples of the median and 5 multiples 


Complications 





2 Live Nil 
births, 
surviving 
2 Live Ebstein’s anomaly (1 twin)t 
births, 
surviving 
2 Live Twin-to-twin syndrome, pre- 
births, mature labor 
surviving 
2 Live Gastroschisis (1 twin) 
births, 
surviving 
2 Stillbirths Hydramnios, premature labor 


1 Live birth; Cyanotic heart disease (1 
1 neonatal twin) 
death 


1 Live birth; 
1 stillbirth 
2 Stillbirths 


Fetus papyraceus 


Monoamniotic twins with 
cord entanglement 

Early fetal death x 2 

Anencephaly (1 twin) 


2 Stillbirths 

1 Live birth; 
1 neonatal 
death 


of the median were associated with increments in the 
complication rate—60% and 90% of cases, respectively. 

Among the 10 patients with extremely elevated se- 
rum a-fetoprotein values (>5 multiples of the median), 
there were two cases of congenital heart disease asso- 
ciated with hydramnios and hydropic changes in one 
fetus, and oligohydramnios and growth retardation in 
the other fetus (patient numbers 2 and 6). We are not 
aware of any previous report of the association of an 
extremely elevated midtrimester serum a-fetoprotein 
in twins discordant for congenital heart disease, in the 
absence of any open fetal defects. This elevation could 
be explained on the basis of the increased placental 
surface area associated with this condition, or may rep- 
resent leakage of a-fetoprotein from damaged liver 
cells in the twin destined to become hydropic. 

In summary, these data indicate that maternal serum 
a-fetoprotein screening has a valuable role in the man- 
agement of twin pregnancy, both in the detection of 
twins and in the prediction of perinatal outcome. 
Through a combination of ultrasonography and a- 
fetoprotein testing, 86% of twins were identified before 
20 weeks’ gestation. Adverse perinatal outcome cor- 
related significantly with a-fetoprotein, beginning at a 
level of 4.0 multiples of the median. This suggests 
that once twins are diagnosed, consideration of the a- 
fetoprotein level is important in directing further di- 
agnostic investigations and fetal monitoring. 
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Intrauterine fetal growth in concordant twin gestations 


John F. Rodis, MD, Anthony M. Vintzileos, MD, Winston A. Campbell, MD, 


Michael G. Pinette, MD, and David J. Nochimson, MD 


Farmington, Connecticut 


We longitudinally assessed intrauterine ultrasonic growth parameters (biparietal diameter, head 
circumference, abdominal circumference, and femur length) in 60 pairs of concordant twins. Head 
circumference to abdominal circumference and femur length to abdominal circumference ratios were 
calculated. Estimated fetal weight curves were created with the formula of Shepard et al., incorporating 
biparietal diameter and abdominal circumference, as well as that of Hadlock et al., incorporating femur 
length and abdominal circumference. Biparietal diameter was obtained in only 79% of fetuses,, whereas 
fernur length and abdominal circumference were obtained in 96% and 99% of fetuses, respectively. The 


intrauterine growth of abdominal circumference appears to be linear between 18 and 40 weeks, fitting the 
simple equation abdominal circumference = —4.5 + 0.97 gestational age (gestational age in weeks). The 
mean femur length to abdominal circumference ratio is 22.4 + 1.5 and appears to be gestational age 
independent between 20 and 40 weeks. The head circumference to abdominal circumference ratio 
decreases as gestational age advances in a linear fashion. Estimated fetal weight curves by the formulas 
of both Shepard et al. and Hadlock et al. fit second-order polynomial equations. Neither formula appears to 
be superior in estimating fetal weight in twin gestations, although that of Hadlock et al. can be used more 


frequently since biparietal diameter cannot always be obtained in both twins. (Am J OpsTeT GYNECOL 


1990;162:1025-9.) 


Key words: Intrauterine fetal growth, concordant, twins 


Longitudinal studies evaluating intrauterine growth 
parameters in twin gestations are few, and those that 
exist contain small numbers of patients. Although in- 
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dividual biometric parameters in twins have been in- 
vestigated,'* no longitudinal study includes all standard 
measurements of biparietal diameter (BPD), head and 
abdominal circumferences, and femur length, as well 
as the fetal ponderal indexes of head to abdominal 
circumference ratio and femur length to abdominal 
circumference ratio. Yarkoni et al.’ recently studied es- 
timated fetal weight in twins using the formula of 
Shepard et.al.; however, in as many as 46% of cases, 
one is unable to obtain adequate biparietal diameters 
in both fetuses.’ Therefore estimating fetal weight by 
femur length and abdominal circumference may be 
more practical. 
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Biparietal diameter (cms) 


y = -5.3911 + 0.64988x - 7.3530e-3x42 R^2 = 0.995 


16 18 20 22 24 26 28 30 32 34 36 38 40 
Gestational Age (weeks) 


Fig. 1. BPD in twins in centimeters versus gestational age. 
Error bars represent mean + 2 SD. Inset is the polynomial 
equation that best fits the data. 
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Head circumference (cms) 


y= - 18.6365 + 2.2967x - 0.0253x42 R = 1.00 


16 18 20 22 24 26 28 30 32 34 36 38 
Gestational age (weeks) 


Fig. 2. Head circumference in twins in centimeters versus 
gestational age. Error bars represent mean + 2 SD. Inset is the 
polynomial equation that best fits the data. 


The purpose of this study was to assess longitudinal 
growth in concordant twins by serial measurements of 
BPD, head circumference, abdominal circumference, 
and femur length, as well as to establish norms for the 
two fetal ponderal indexes of head circumference to 
abdominal circumference ratio and femur length to 
abdominal circumference ratio. Furthermore, we esti- 
mated fetal weight using the formula of Shepard et al., 
which incorporates BPD with abdominal circumfer- 
ence, and that of Hadlock et al., which incorporates 
femur length and abdominal circumference, and de- 
termined which of the two formulas, if either, is su- 
perior in twins. Finally, by comparing the longitudinal 
growth of these concordant twins with the growth of 
discordant twins, we hoped to see how the latter’s 
growth deviates from normal. 
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Fig. 3. Abdominal circumference in twins in centimeters ver- 
sus gestational age. Error bars represent mean + 2 SD. Inset is 
the polynomial equation that best fits the data. 


Material and methods 


Twin gestations assessed with serial ultrasonic ex- 
aminations by the Division of Maternal-Fetal Medicine 
at the University of Connecticut Health Center between 
July 1985 and June 1987 were evaluated. If either or 
both of the twin pair had a major congenital anomaly, 
both were excluded. In all cases gestational age was 
established by sure menstrual dates and/or early (<20 
weeks) ultrasound dating. Birth weights were ascer- 
tained in all cases. For the purposes of this study, con- 
cordancy was defined as less than 20% difference in 
the actual birth weight calculated from the weight of 
the larger twin; birth weight was no less than the tenth 
percentile for either twin.’ 

The ultrasound measurements were obtained with 
3.5 or 5.0 mHz linear array transducers (General Elec- 
tric-RT 3000, Rancho Cardova, Calif.) with freeze- 
frame capability and on-screen calipers. Ultrasound ve- 
locity was 1540 m/sec. At each visit efforts were made 
to obtain BPD, head circumference, abdominal circum- 
ference, and femur length of each fetus. Fetal BPD was 
determined at the level of the thalami and was mea- 
sured from leading edge to leading edge. Cephalic in- 
dex was calculated, and if it was out of the normal range 
(75 to 85), the BPD was excluded. Fetal abdominal cir- 
cumference was measured perpendicular to the long 
axis of the fetal body at the level of the umbilical vein- 
ductus venosus complex. Measurements were obtained 
from outer to outer border with the formula D, + 
D, X 1.5. Fetal length was measured according to the 
technique of O’Brien and Queenen.’ The estimated 
fetal weight of each fetus was calculated on the basis 
of BPD and abdominal circumference measurements 
with the formula of Shepard et al. and also on the 
basis of femur length and abdominal circumference 
with the formula of Hadlock et al.” 
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Fig. 4. Femur length in twins in centimeters versus gestational 
age. Error bars represent mean + 2 SD. Inset is the polynomial 
equation that best fits the data. 


Head circumference to abdominal circumference 
and femur length to abdominal circumference ratios 
were calculated. The parameters were subdivided by 
gestational age and a mean + SD was calculated. Data 
points were grouped in l-week intervals, that is, 20 
weeks include fetuses from 20 weeks, 0 days, to 20 
weeks, 6 days. Regression analyses were performed, 
and curves of the best fit were established for each 
individual parameter by a simple linear curve if ap- 
propriate and otherwise by a higher-order polynomial 
equation. The lowest order equation that fit the data 
with an R? value of 0.99 was used. A p value of <0.05 
was considered significant. The data were analyzed by 
means of Statview statistical software package, and 
graphs with regression lines were created with Crick- 
etgraph software package. 


Results 


Sixty pairs (120 fetuses) of concordant twins fulfilled 
the study criteria. A total of 340 measurements were 
obtained between 15 and 39 weeks on the 60 pairs, with. 
a mean of 2.8 per fetus (range, 2 to 6). Mean gestational 
age at delivery was 35.3 weeks (range, 24 to 41 weeks). 
The mean birth weights for the larger and smaller twin 
were 2361 and 2131 gm, respectively. 

Of the 340 fetuses, the BPD could not be obtained 
in 73 (21%). Fig. 1 illustrates the intrauterine growth 
assessment of the BPD with the second-order polyno- 
mial equation that best fits the data. Head circumfer- 
ence could not be obtained in 91 of 340 cases (27%). 
Intrauterine assessment of head circumference is illus- 
trated in Fig. 2 with the second-order polynomial equa- 
tion that best fit the data. 

In contrast to the BPD and head circumference, the 
abdominal circumference was obtained in 99% of fe- 
tuses (338/340). Intrauterine growth of the abdominal 
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Fig. 5. Femur length to abdominal circumference (FL/AC) 
in twins versus gestational age. Error bars represent mean + 
2 SD. f 
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Fig. 6. Head circumference to abdominal circumference ratio 
(HC/AC) ratio in twins versus gestational age. Error bars rep- 
resent mean + 2 SD. Inset is the polynomial equation that best 
fits the data. 


circumference appears to follow a more linear curve 
fitting the simple equation, abdominal circumfer- 
ence = —4.5 + 0.97 gestational age (gestational age in 
weeks). The curve of intrauterine growth in abdominal 
circumference versus gestational age in weeks is shown 
in Fig. 3. 

Fetal femur length measurements were obtained in 
96% of fetuses (327/340). As shown in Fig. 4, the 
growth of fetal femur length appears to be more linear 
than the BPD and head circumference curves, fitting 
the simple equation, femur length = — 1.37 + 0.23 
gestational age. Fetal femur length to abdominal cir- 
cumference ratio versus gestational age is illustrated in 
Fig. 5. Although as illustrated there is a slight upward 
slope across gestational age, linear regression analysis 
indicates that this slope is not significant (p = 0.06). 
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Fig. 7. Estimated fetal weight (EFW) by BPD and abdominal 
circumference (AC) in twins in grams versus gestational age. 
Error bars represent mean + 2 SD. Inset is the polynomial 
equation that best fits the data. 


The mean femur length to abdominal circumference 
ratio between 20 and 40 weeks’ gestation is 22.4 + 1.5. 

In contrast to the femur length to abdominal circum- 
ference ratio, the head circumference to abdominal cir- 
cumference ratio appears to be gestational age depen- 
dent and follows a downward slope. The simple equa- 
tion, head circumference to abdominal circumference 
ratio = 1.3 — 0.0072 gestational age (gestational age in 
weeks), fits the curve fairly well (R = 0.91), as illus- 
trated in Fig. 6. 

Intrauterine estimated fetal weight curves that use 
the formula of Shepard et al., incorporating BPD and 
abdominal circumference (Fig. 7), and that of Hadlock 
et al., incorporating fetal femur length and abdominal 
circumference (Fig. 8), were created. Both curves fol- 
low second-order polynomial equations as illustrated. 
In 98 fetuses, delivery was within 1 week of the last 
study. In these cases our estimated fetal weight was 
within 10% of the actual birth weight 75% of the time 
with the formula of Shepard et al. and 70% of the time 
with the formula of Hadlock et al. This difference was 
not statistically significant. The maximal percentage er- 
ror in estimated fetal weight was 28% and 31% with 
the formulas of Shepard et al. and Hadlock et al., re- 
spectively, with absolute weight differences of 523 and 
443 gm, respectively. One should note that we were 
able to estimate the weight in 92 of these 98 fetuses 
(93%) with the formula of Hadlock et al., but in only 
67 of 98 fetuses (68%) with the formula of Shepard 
et al., primarily because an adequate BPD is more dif- 
ficult to obtain as gestational age advances, especially 
in twin gestations. 


Comment 


We have assessed intrauterine growth parameters in 
120 concordant twin fetuses in a longitudinal fashion. 
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Fig. 8. Estimated fetal weight (EFW) by femur length (FL) and 
abdominal circumference (AC) in twin in grams versus ges- 
tational age. Error bars represent mean + 2 SD. Inset is the 
polynomial equation that best fits the data. 


We have confirmed the difficulty in obtaining BPDs in 
both twins, as described by others.®” Possible expla- 
nations for failure to obtain adequate BPDs include 
fetal position in relation to its cotwin, head low in ma- 
ternal pelvis, or dolicocephaly. The use of sector scan- 
ning or a vaginal probe might improve the ability to 
obtain an adequate BPD. We would recommend that 
if one can obtain both BPDs, the formula of Shepard 
et al., although established for singletons, appears to 
be applicable for twin gestations. However, if one is 
unable to obtain one or both BPDs, we would recom- 
mend that estimated fetal weight be calculated by the 
formula of Hadlock et al. for both fetuses. Intrauterine 
growth of fetal abdominal circumference remains pri- 
marily linear throughout gestational age, with a mean 
increase of 1 cm per week. Our intrauterine assessment 
of head circumference and estimated fetal weight com- 
pare favorably with newborn anthropometric data ob- 
tained by Leroy et al."' from 1049 twin births. The 
femur length to abdominal circumference ratio is es- 
sentially the same as that established for singletons and 
appears to be age independent between 20 and 40 
weeks’ gestation. Whether the ratio is helpful to predict 
discordancy or intrauterine growth retardation in twin 
gestations needs investigation. Twin fetuses show a dif- 
ferent rate of growth than do singletons, and thus we 
feel that their ultrasonically determined fetal growth 
parameters should be plotted on curves generated from 
twins. : 

We initially separated our twin pairs and assessed 
intrauterine growth of twin A and twin B separately. 
However, even though mild intertwin differences ex- 
isted throughout gestational age, these were not sig- 
nificant, thus confirming the findings of Yarkoni et al.“ 
Whether twins who are discordant at birth represent 
biologic (genetic) variation present at an early gesta- 
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tional age or some late environmental (crowding) or 
functional (placental insufficiency) changes occurring 
in late pregnancy needs to be investigated. Moreover, 
at which gestational age can we be relatively assured 
that concordant twins will remain so, thus possibly elim- 
inating the need for many follow-up ultrasound ex- 
aminations? Whether we can accurately predict discor- 
dancy needs to be investigated, because it is the dis- 
cordant twin population that most investigators believe 
have a higher perinatal morbidity and mortality and 
thus might require more intensive antepartum fetal 
surveillance. The findings of the present study on con- 
cordant twins can serve as reference points for a follow- 
up study of discordant twins, specifically to investigate 
how and when their growth deviates from the concor- 
dant twin population. 
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Neonatal growth assessment score: A new approach to the 


detection of intrauterine growth retardation in the newborn 


Russell L. Deter, MD, Ronald B. Harrist, PhD,’ and Reba M. Hill, MD* 


Houston, Texas 


To develop an improved means for evaluation of the outcome of fetal growth in utero, a growth study of 37 
fetuses at risk for intrauterine growth retardation was undertaken. Intrauterine growth was evaluated with 
ultrasonography at 2- to 3-week intervals beginning at 15 weeks’ gestation. Measurements obtained in the 
second trimester were used to specify Rossavik growth models for various anatomic parameters. Values 
for weight, head circumference, abdominal circumference, and thigh circumference at birth were predicted 
with the use of these models. Growth potential realization index values for these four parameters were 
calculated from actual and predicted birth measurements. The growth potential realization index values 
were combined to form a neonatal growth assessment score. With the use of cluster analysis and neonatal 
growth assessment score values, the 37 infants were separated into 24 group | (neonatal growth 
assessment score values between 3.7 and 18.6) and 13 group II (neonatal growth assessment score 
values between 19.4 and 50.0) infants. In group |, 66.7% of the infants had no growth abnormalities; 

a single abnormality, usually borderline, was found in an additional 20.8% (total = 87.5%). In group [I 

all infants had growth abnormalities (range, 2 to 6) although only 46.2% had birth weights below the 10th 
percentile. No differences in risk factors (except for the incidence of smoking) or second trimester growth 
were found in these two groups. The neonatal growth assessment score appears to be a sensitive 
indicator of third trimester growth retardation, is not affected by differences in growth potential, can 
separate normal infants from those with evidence of intrauterine growth retardation, and provides a 
quantitative assessment of growth problems in individual fetuses. (AM J OssteT GYNECOL 1990;162: 


1030-6.) 


Key words: Growth potential realization index, neonatal growth assessment score, 


intrauterine growth retardation 


Because it is easily measured and global in character, 
birth weight continues to be the primary parameter for 
evaluation of the outcome of intrauterine growth pro- 
cesses. Since 1967 the classification system of Battaglia 
and Lubchenco,' which separates infants into small-for- 
gestational-age (SGA), appropriate-for-gestational-age 
(AGA), and large-for-gestational-age (LGA) categories 
on the basis of birth weights below the 10th percentile, 
between the 10th and 90th percentiles, or above the 
90th percentile, has been used as the principal method 
to detect growth abnormalities at birth. Extensive stud- 
ies attempting to correlate growth outcomes defined in 
this manner with prenatal, perinatal, postnatal, and de- 
velopmental variables have been carried out. 

However, since the early 1970s it has been known 
that all infants with evidence of intrauterine growth 
retardation (IUGR) do not have birth weights below 
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the 10th percentile.? More recent studies have shown 
that morbidity in the perinatal period cannot be pre- 
dicted by SGA-AGA categorization,® * that most 
immediate’ and long-term® neurologic problems occur 
in AGA infants, and that Doppler ultrasonographic 
findings in the umbilical artery, thought to be related 
to placental insufficiency, do not show a consistent re- 
lationship to birth weight categories.” In examining the 
Battaglia-Lubchenco system more closely, one finds that 
the specified boundary between AGA and SGA was 
chosen only because 10th percentile values for the 
weight curves available at that time were similar, not 
because this boundary adequately separated infants 
with and without growth abnormalities. Also, weight 
categories were correlated only with infant mortality 
and not with the presence or absence of other growth 
abnormalities. It should also be pointed out that this 
system does not account for differences in genetic 
growth potential and classifies 7% of infants as SGA 
who would be considered normal by conventional sta- 
tistical definitions (+ 2 SD; 2.5th to 97.5th percentiles). 

Because of the inadequacies of the Battaglia- 
Lubchenco system, we undertook the development of 
a new method to detect IUGR on the basis of the 
Rossavik growth model.’ This model is capable of pre- 
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dicting both growth in the third trimester and birth 
characteristics with a high degree of accuracy in sin- 
gletons and twins.*"* Measured birth characteristics can 
be compared with predicted birth characteristics to ob- 
tain an indicator of growth outcome—the growth po- 
tential realization index (GPRI), which corrects for 
differences in genetic growth potential.» !* 1 The 
present investigation presents a method by which 
GPRI values for four anatomic parameters (weight, 
head circumference, abdominal circumference, and 
thigh circumference) can be combined to form a 
composite growth outcome parameter called the neo- 
natal growth assessment score (NGAS). Data will 
be presented to show that fetuses with growth ab- 
normalities can almost be completely separated from 
those without growth abnormalities on the basis of 
their NGAS values and that the severity of the growth 
problem in any given fetus can be quantified by its 
NGAS. 


Material and methods 


Sample. This investigation was carried out with 37 
primarily white infants (white, 83.8%; black, 5.4%; 
Asian, 5.4%; Hispanic, 5.4%) from 28 pregnancies in 
primarily white women (white, 85.7%; black, 7.1%; 
Asian, 3.6%; Hispanic, 3.6%) from the Houston area 
at risk of IUGR (Table I). The mean maternal age was 
29 years (range, 25 to 34). There were 55.5% female 
infants and 44.5% male infants in this study group. 
The average length of gestation at birth was 37 
(+2.5 SD) weeks’ menstrual age, with 35.1% delivered 
prematurely (<37 weeks’ menstrual age). 

Menstrual age determination. The age of these in- 
fants at various times during pregnancy and at birth 
was determined from the first day of the last menstrual 
period (confirmed by an ultrasonographic examination 
in the first or early second trimester)” (48.6%), the date 
of conception on the basis of the date of ovulation de- 
rived from ultrasonographic data or basal body tem- 
perature records (10.8%), crown-rump length 
measurements’? (16.2%) or early second trimester ul- 
trasonographic data’ (24.3%). In 31 cases the age at 
birth was estimated by the method of Dubowitz et al.” 
and in 34 cases by the method of Ballard et al.’* The 
average difference between the age at birth on the basis 
of obstetric data and that on the basis of the Dubowitz 
method was 0.83 (+1.2 SD) weeks, whereas the dif- 
ference with the Ballard method was 0.86 (+1.8 SD) 
weeks. Both of these mean differences were signifi- 
cantly different from zero by the Student ¢ test. 

Ultrasonographic examinations. The prenatal 
growth of these infants was evaluated with ultrasonog- 
raphy at 2- to 3-week intervals beginning at approxi- 
mately 15 weeks’ gestation [initial scan, 15.2 (+ 1.6 SD) 
weeks’ gestation] and continuing until approximately 
36 weeks’ gestation [final scan, 36.0 (+2.5 SD) weeks’ 
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Table I. IUGR risk factors in different 
patient groups 









Incidence* (%) 





Group If | Group It 
Risk factor 


Twins 63.2 55.6** 60.7 

Previous low-birth- 31.7 44.4** 35.7 
weight infant 

Hypertension§ 21.1 33.3** 25.0 

Previous prenatal loss 21.1 33.3** 25.0 

Previous preeclampsial| 21.1 22.Q** 21.4 

Smoking{ 5.3 44.44 17.9 

Previous infant with 5.3 22.2** 10.7 
congenital anomaly 

Patients with >1 risk 36.8 55.6** 42.9 
factor 


Comparison of incidences in groups I and II by Fisher exact 
test. 


*Percentages do not total 100% because some patients had 
more than one risk factor. 


+See text for definition. 
$Birth weight < 2500 gm. 
§Blood pressure > 125/75 mm Hg. 


[Blood pressure > 140/90 mm Hg developed during preg- 
nancy. 


{More than 10 cigarettes/day. 
#p < 0.05. 
**p > 0.05. 


gestation]. The interval between the last scan and de- 
livery was 1.0 (+0.8 SD) week. At each ultrasono- 
graphic examination the biparietal diameter (BPD), 
head circumference, abdominal circumference, thigh 
circumference, femur diaphysis length, head cube, and 
abdominal cube were measured as previously de- 
scribed.” °° In some cases (37.8%), the head short and 
long axis and abdominal short and long axis measure- 
ments were not available because the head circumfer- 
ence and abdominal circumference were measured di- 
rectly. In such cases these parameters were estimated 
with the use of the following equations determined by 
regression analysis from a data set containing 182 com- 
plete sets of measurements: 


‘HSA’ = 0.18052 + 1.03523 (BPD), R? = 99.5% 


“gy At = (HOP arga» 

HLA’ = 0.979 4.9298 HSA 

‘FOD’ = — 0.08241 + 0.948193 (HLA), R? = 99.2% 
‘ASA’ = 0.33777 + 0.84651 (AMD), R? = 96.7% 

‘ALA’ = —0.09336 + 1.05462 (AMD), R? = 98.2% 





where ‘HSA’ is estimated head short axis, ‘HLA’ is esti- 
mated head long axis, HC is head circumference, ‘FOD’ 
is estimated frontooccipital diameter, ‘ASA’ is estimated 
abdominal short axis, ‘ALA’ is estimated abdominal 
long axis, and AMD is abdominal mean diameter 
(AMD = AC/3.14 where AC is abdominal circumfer- 
ence). Head circumference, abdominal circumference, 
head cube, and abdominal cube values were calculated 
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Fig. 1. Illustration of the concepts on which the NGAS is based. 
“Baby point” in GPRI “space” with the coordinates GPRI wr 
and GPRIjc is located a distance (d) from the “ideal” baby 
point, which has coordinates of 100, 100. The distance, which 
‘is a two-parameter NGAS, is the hypotenuse of the right tri- 
angle shown. Its magnitude can be determined by equation 
given below triangle. The actual NGAS used in this investi- 
gation is extension of these concepts into four-dimensional 
(weight, head circumference, abdominal circumference, thigh 
circumference) GPRI “space.” 


from these estimated parameters to obtain data com- 
parable to those determined from direct diameter mea- 
surements in other fetuses. Weights were estimated 
from head cube and abdominal cube values as previ- 
ously described.” 

Neonatal evaluation. All infants were examined 
within 1 to 2 days after delivery and evaluated as pre- 
viously described in detail.'*®™ Briefly, measurements 
of weight, crown-heel length, head circumference, 
chest circumference, abdominal circumference (above 
and below the umbilicus), and thigh circumference 
were obtained. The subcutaneous tissue was assessed 
by determination of the nutrition score” and age es- 
timations on the basis of the methods of Dubowitz” and 
Ballard’? were obtained. A complete physical and neu- 
rologic examination was performed on each infant. 

Data analysis. Measurements of head circumference, 


abdominal circumference, thigh circumference, femur 


diaphysis length, head cube, and abdominal cube be- 
fore 26 weeks’ gestation (singletons) and 24 weeks’ ges- 
tation (twins) were used to specify Rossavik growth 
models for each parameter in each fetus as previously 
described.” These models have this general form: 


P= c(t)" + sit) 


where P is anatomic parameter, t is duration of growth, 
and c, k, s, are model coefficients.’ The models were 
used to predict weight, head circumference, abdominal 
circumference, and thigh circumference values at birth 
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Table II. Effect of number of parameters used 
to determine NGAS on infant classification 








Optimal 
normal-abnormal Percent 
Parameters boundary misclassification® 
Singles 
Weight 11.0 10.8 
Head circum- 3.0 13.5 
ference 
Abdominal circum- 5.0 21.6 
ference 
Thigh circum- 12.0 13.5 
ference 
Pairs 
Weight, head cir- 11.1 8.1 
cumference 
Weight, abdominal 14.7 10.8 
circumference 
Weight, thigh cir- 17.8 8.1 
cumference 
Head circumfer- 10.1 5.4 
ence, abdominal 
circumference 
Head circumfer- 12.4 10.8 
ence, thigh cir- i 
cumference 
Abdominal circum- 14.4 8.1 
ference, thigh 
circumference 
Triples 
Weight, head cir- 14.7 10.8 


cumference, ab- 
dominal circum- 
ference 

Weight, head cir- 18.0 5.4 
cumference, 
thigh circum- 
ference 

Weight, abdominal 18.2 0.0 
circumference, 
thigh circum- 
ference 

Head circumfer- 15.7 2.7 
ence, abdominal 
circumference, 
thigh circum- 
ference 

All 

Weight, head cir- 18.6 0.0 
cumference, ab- 
dominal circum- 
ference, thigh 
circumference 





*Infant classification on the basis ofall four parameters used 
as reference. 


as previously described, with the use of the actual birth 
age for those fetuses delivered before 38 weeks’ ges- 
tation and a birth age of 38 weeks’ gestation for those 
fetuses delivered after 38 weeks’ gestation.’ Measure- 
ments made at birth were compared with predicted 
birth measurements and GPRI values calculated for 
each of the four anatomic parameters." This gave a set 
of four numbers, independent of differences in growth 
potential, which characterized the growth outcome of 
each fetus. 
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Fig. 2. Individual NGASs for 37 newborns studied. NGAS of 18.6 separated group I from 


group II. 


Each set of GPRI values was used to specify a “baby 
point” in four-dimensional GPRI “space” (a two- 
dimensional version of this procedure is given in Fig. 
1). Because in the absence of measurement and pre- 
diction errors and growth abnormalities, GPRI values 
would be expected to be 100%," the “ideal” baby point 
in GPRI space has coordinates of 100, 100, 100, 100. 
An extension of the Pythagorean theorem to four- 
dimensional space with vector algebra™ indicates that 
the “distance” from the “ideal” baby point to the “ac- 
tual” baby point can be calculated with the following 
equation (see Fig. | for a two-dimensional example): 


(GPRI wr — 100)? + 
(GPRIji¢ — 100)? + 
(GPRI xc — 100)? + 
(GPRI nc — 100)? 


d = NGAS = 


where d is distance, NGAS is neonatal growth assess- 
ment score, GPRI is growth potential realization index, 
WT is weight, and ThC is thigh circumference. The 
NGAS has a value of zero when the “actual” baby point 
is located at the “ideal” baby point and it increases (to 
a maximum of 200) with number of the GPRI values 
that differ from 100% and the magnitude of these dif- 
ferences. Because these differences are squared, equiv- 
alent GPRI deviations above and below 100% give the 
same NGAS values. 

In this investigation all infants studied had GPRI 
values within previously determined normal ranges’ 3 
or below these ranges. The sets of four GPRI values 
were used in a cluster analysis procedure™ to separate 
the 37 fetuses into two groups (initial groups I and II). 
This procedure used a distance parameter similar to 
NGAS (except that the individual GPRI values are com- 
pared with the mean GPRI values instead of 100%) to 
categorize each infant. An infant was placed in the 
group to whose centroid it was the closest. The final 
groups I and II were formed by calculation of NGAS 


values for each infant and selection of a boundary to 


separate groups I and I, which minimized changes in 


categorization when compared with the categorization 
obtained by the cluster analysis procedure. With a 
boundary of 18.6, only three infants had to be reca- 
tegorized (one in group I moved to group II, two in 
group II moved to group I). These changes did not 
cause significant alteration of the characteristics of the 
two groups (see Table III). The ability of NGASs to 
categorize infants into groups comparable to the final 
groups I and II on the basis of one, two, or three vari- 
ables was also investigated to determine whether a sim- 
pler form of the NGAS could be used. The boundary 
between groups was selected to minimize misclassifi- 
cation with the use of the categorization obtained with 
the four-variable NGAS as reference. 

Comparisons of coefficient ¢ values of the Rossavik 
models for head circumference, abdominal circumfer- 
ence, thigh circumference, and femur diaphysis length 
in groups I and II were carried out with the Student 
t test. Incidence of growth abnormalities, prematurity, 
racial composition, sex distribution, and risk factors 
were compared with the Fisher exact test. The inci- 
dences of growth abnormalities in the two subgroups 
of group II (weight below 10th percentile, weight above 
10th percentile”) were also compared with the Fisher 
exact test. In all these comparisons, p values <0.05 were 
taken as indicators of statistically significant differences. 


Results 


Fig. 2 presents the groups obtained based on the 
four-parameter NGAS. In Table II the ability of 
NGASs using one to three parameters to produce simi- 
lar categorizations can be seen. As expected, misclassi- 
fications decrease as the number of parameters used in 
the calculation of the NGAS increases. However, some 
combinations of three parameters (weight, abdominal 
circumference, thigh circumference; head circumfer- 
ence, abdominal circumference, thigh circumference) 
categorized these fetuses in an identical or very similar 
manner. The scores in group I varied from 3.7 to 18.6, 
whereas those in group II varied from 19.4 to 50.0. 

The characteristics of groups I and II with respect 
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Fig. 3. Proportion of newborns in groups I and II with zero 
to four abnormal growth parameters. Growth parameters 
were evaluated with either individual (GPRI) or population 
(values <2 SD below mean) standards. For GPRI, solid lines 
indicate incidences with experimentally determined lower 
boundaries of normal." Broken lines indicate incidences with 
theoretic lower boundaries deduced from NGAS of 18.6, 
which separated group I from group II (see text). 


to growth abnormalities are given in Tables III and IV 
and Fig. 3. As can be seen, the incidence of growth 
abnormalities in group I is very low, except for weight 
evaluated with individual standards. The majority of 
the 12 abnormal values were very close to the lower 
limit of normal (the two abnormal values by population 
standards were within 0.5 cm of the lower boundary) 
and could very well be normal given the arbitrary na- 
ture of these boundaries. This is particularly true for 
the GPRI yr values in which four of the six abnormal 
values would become normal with a shift of the lower 
boundary of only one to two points. However, even 
with use of the current boundaries, the great majority 
of infants in group I did not have any abnormalities 
and only a few had one (GPRI, 4/24; <—2 SD, 2/24) 
or two (GPRI, 3/24; <-—2 SD, 0/24) abnormalities. 
These results indicate that group I contains the normal 
infants. 
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Group I is obviously quite different. All infants had 
at least two abnormal GPRI values, whereas some had 
as many as four. There were nine infants with one or 
more measurements >2 SD below their appropriate 
normal range,” but four infants did not have mea- 
surements that were this abnormal. The incidence of 


. abnormal values was significantly higher in group I, 


as compared with group I, except for head circumfer- 
ence and abdominal circumference abnormalities as 
judged by population standards; however, there were 
more abnormalities of these types in group II. Only 
46% of the infants in group II were below the 10th 
percentile for weight. As seen in Table I'V the incidence 
of other growth abnormalities was high in both AGA 
and SGA subgroups, although they were higher in the 
SGA subgroup. These differences were not statistically 
significant, probably because of the small sample sizes. 
These results indicate that group II contains the 
growth-retarded fetuses and that the degree of growth 
retardation varies from infant to infant. l 


Groups I and II were compared with respect to a 
number of other variables. No statistically significant 
differences in race distribution, sex ratio, risk factors 
(except for smoking, which was significantly higher in 
group II) or prematurity rate (29% for group I and 
35% for group II) were found. Of particular interest 
was the study of coefficient ¢ values, indicators of 
growth in the second trimester, for head circumfer- 
ence, abdominal circumference, thigh circumference, 
and femur diaphysis length. Although the mean c val- 
ues for group II tended to be slightly lower than those 
for group I with all four parameters, no statistically 
significant differences were found. In group I 7.3% of 
the c values were below previously determined normal 
ranges,”' whereas the comparable value for group II 


was 9.6%. 


Comment 


The results of this investigation show that the 10th 
percentile for birth weight does not separate infants 
with evidence of growth retardation from those without 
evidence of growth retardation. There are clearly in- 
fants above this boundary who have unequivocal evi- 
dence of IUGR, although most do not. In this study 
no infant below this boundary was found to be without 
growth abnormalities by individual standards but one 
SGA infant did not have any measurement >2 SD be- 
low the mean for menstrual age. However, a genetically 
small, normally growing (as judged by GPRI values) 
infant with a birth weight below the 10th percentile is 
very likely be found when larger samples are studied. 
Therefore groups defined by conventional birth weight 


criteria will continue to contain both normal and ab- 


normal infants in varying proportions and thus cor- 
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Table III. Abnormal growth parameters in groups I and II 












Abnormal growth parameter (%) 





Group IT Comparisond: 













Initial? 
Growth parameter* 





Weight 
GPRI 21.7 
<10th percentile 0.0 
<-2SD 0.0 
Head circumference 
GPRI 4.3 
<~2SD 8.7 
Abdominal circumference 
GPRI 4.3 
<-2SD 0.0 
Thigh circumference 
GPRI 4.3 
<-2SD 0.0 
Crown-heel length 
<-2SD 4.3 


group I final 


versus 
group H final 






Initial? 
(n = 14) 





25.0 92.9 92.3 p < 0.05 
0.0 42.9 46.2 p < 0.05 
0.0 28.6 30.1 p < 0.05 
0.0 42.9 53.8 p< 0.05 
4.2 14.3 23.1 p > 0.05 
4.2 42.9 46.2 p< 0.05 
0.0 14.3 15.4 p > 0.05 

12.5 100.0 92.3 p< 0.05 
4.2 57.1 53.8 p < 0.05 
4.2 28.6 30.1 p < 0.05 





*GPRI values below appropriate normal range? '™; < —2 SD, measurement >2 SD below mean”; < 10th percentile, measurement 


<10th percentile.” 


tCategorization by cluster analysis (initial) or NGAS (final). 


Comparison by Fisher exact test. 


relations with other variables can be expected to be 
inconsistent and not reproducible. 

It is clear from this study that normal and growth- 
retarded fetuses are almost completely separated by use 
of the NGAS. The degree of separation achieved is 
closely tied to the definition of the lower limit of the 
normal range for the GPRI. The currently available 
boundary values are determined on the basis of only 
20 singletons” and 14 to 16 twins" and therefore could 
be affected by sampling error. Another way to obtain 
information about these boundary values is to consider 
the NGAS value that appears empirically to separate 
normal and IUGR fetuses. NGAS values different from 
zero can be expected in normal infants because both 
singletons and twins considered normal by a large num- 
ber of pediatric variables have GPRI values <100%.'* '* 
One can calculate that a NGAS of 18.6 is consistent 
with lower GPRI boundaries of 90% for weight, 
abdominal circumference, and thigh circumference 
and 95% for head circumference. These values are 
quite comparable to those obtained empirically for 
singletons’ but are somewhat lower than those ob- 
tained for twins.’ However, the available twin sample 
is very small and different boundaries may be found 
with a larger sample. If one uses these theoretic lower 
boundaries, the overlap of groups I and II is eliminated 
(broken lines in Fig. 2). All but a small percent (approx- 
imately 15%) of group I infants do not have abnormal 
GPRI values and those few that do have such values 
have only one. This is quite similar to the results found 


Table IV. Growth characteristics of 
group II subgroups 





Birth weight 






Birth weight 





>10th <10th 
percentile (%) | percentile (%) 
(n = 7) (n = 6) 


Weight 

Abnormal GPRI 100.0 85.7 

<-2SD 0.0 57.1 
Head circumference 

Abnormal GPRI 50.0 57.1 

<-2SD 16.7 28.6 
Abdominal circumference 

Abnormal GPRI 33.3 57.1 

<—2 SD 0.0 28.6 
Thigh circumference 

Abnormal GPRI 83.3 100.0 

<—2 SD 33.3 714 
Crown-heel length 

<-2SD 16.7 42.9 
Mean NGAS 25.1 37.7 

(Range) (19.4-40.0) (28.5-50.0) 





with the use of population standards (Fig. 2). In con- 
trast, all group II fetuses have either two or three ab- 
normal GPRI values with the new boundaries. The 
number of abnormal values with population standards 
varies, indicating variability in the severity of the 
growth problem in different infants and the reduced 
sensitivity of population standards, as compared with 
individual standards in the detection of growth abnor- 
malities. 


1036 Deter, Harrist, and Hill 


The general concept that emerges from the sample 
studied is that fetuses with the IUGR risk factors iden- 
tified in this investigation grow normally and in a sim- 
ilar way until the third trimester. During the third 
trimester, for reasons that are not known, fetuses in 
one group continue to grow normally, whereas the 
growth of those in a second group is inhibited in various 
ways and differing degrees. At birth, through use of 
the neonatal growth assessment score (a comprehen- 
sive, quantitative, growth outcome variable that is in- 
dependent of differences in growth potential), these 
two groups of infants can be reliably identified and the 
degree of growth inhibition in individual infants quan- 
tified. With this information it should now be possible 
to establish consistent relationships between growth ab- 
normalities and prenatal, perinatal, and postnatal vari- 
ables. These relationships should greatly improve our 
capacity for identification of those fetuses and new- 
borns at risk for perinatal and developmental! prob- 
lems. Given current practice in obstetrics (one ultra- 
sonographic examination in the second trimester for 
many patients) and neonatology (routine measurement 
of weight, head circumference, chest circumference, 
and crown-heel length at birth), the benefits of this new 
system to detect IUGR could be made available to any 
patient by performing one additional ultrasonographic 
examination before 26 weeks’ gestation and by adding 
measurement of the abdominal circumference and 
thigh circumference to the standard newborn exami- 
nation. 
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Effect of the menstrual cycle on detection and typing of 
human papillomavirus in uterine cervical cells 


Patricia J. McNicol, PhD,"* Fernando B. Guijon, MD, Maria Paraskevas, MD,’ Evelyn 
Heywood, RN, RM,” Michael J. Gray, BSc,” and Robert C. Brunham, MD 


Winnipeg, Manitoba, Canada 


We observe fluctuations in human papillomavirus detection and variation in genotyping between sequential 
cervical cell specimens analyzed by filter in situ hybridization. Furthermore, specimen adequacy for 
analysis varies. To determine whether these phenomena are correlated with menstrual cycle stage at the 
time of sampling, we analyzed cervical cell specimens from women with cervical intraepithelial neoplasia. 
Specimens were categorized on the basis of a 28-day menstrual cycle and were analyzed by hybridization 
fo combined probes for virus types 6 and 11 or types 16 and 18. Specimen adequacy was determined by 
hybridization to a human Alu | repetitive deoxyribonucleic acid probe. Analysis of data with x? revealed that 
fluctuations in virus detection and type variation are unrelated to menstrual cycle stage. Specimen 
adequacy is stage-dependent for women who take oral contraceptives. Whereas specimens can be 
collected at any time other than the first week of the menstrual cycle, accurate determination of infection 
status requires multiple assessments. (Am J Osstet GYNECOL 1990;162:1037-41.) 


Key words: Human papillomavirus, DNA hybridization, menstrual cycle 


We have assessed the prevalence of human papil- 
lomavirus (HPV) uterine cervical infection among 
women with histopathologically confirmed dysplastic 
disease with modified filter in situ hybridization.’ Dur- 
ing the course of our investigations, we observed fluc- 
tuations in HPV detection and variation in HPV typing 
among sequential specimens not attributable to test 
variation. In addition, the adequacy of the specimen 
for filter in situ hybridization analysis is- variable. 
Whereas other investigators report similar observa- 
tions,” ° an explanation for these phenomena is not 
forthcoming. The women in our study group were not 
treated before collection of a subsequent specimen, and 
were not examined more frequently than at 6-month 
intervals. Therefore the variability in findings is not 
attributable to elimination of virus because of treatment 
or to too frequent sampling. We previously showed that 
the sensitivity of the filter in situ hybridization proce- 
dure is not affected by the grade of cervical intraepi- 
thelial neoplasia, so case-specific variation in test sen- 
sitivity cannot account for our observations.' In search 
of an explanation, we turned our attention to the ex- 
amination of the influence of the hormonal milieu on 
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virus detection. Whereas there are no data at present 
that indicate that HPV genomic copy number or rep- 
lication is hormonally influenced, there are data that 
document transcriptional responsiveness of HPV to 
glucocorticosteroids** and conjecture that estrogen and 
progesterone may act through similar deoxyribonucleic 
acid (DNA) consensus sequences.® Because women have 
a monthly cycling of estrogen and progesterone levels,° 
we questioned whether there is an optimum sampling 
window during the menstrual cycle for virus detection, 
consistency in typing, or procurement of an adequate 
specimen for filter in situ hybridization analysis. Our 
findings indicate that sampling can occur at any time 
women would normally undergo gynecologic assess- 
ment, but several sequential filter in situ hybridization 
analyses may be necessary to accurately determine HPV 


types. 


Material and methods 


Clinical specimens. Cervical cell specimens were col- 
lected from 427 nonpregnant women referred consec- 
utively to a colposcopy clinic because of abnormal Pa- 
panicolaou smear cytology. Cells were collected by the 
same gynecologist (F. G.) by scraping the cervix with 
an Ayre’s spatula, sampling the endocervical canal with 
a cotton swab, then suspending the cells in phosphate- 
buffered saline solution. Specimens were held at 
—20° C until filter in situ hybridization analysis for 
HPV infection and specimen adequacy. The presence 
of cervical intraepithelial neoplasia was confirmed by 
histopathologic examination of a colposcopically di- 
rected biopsy. None of 58 women within this group 
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Table I. Results of filter in situ hybridization analysis for specimen adequacy and HPV infection among 


427 women throughout the menstrual cycle 








Category in menstrual cycle 

















Two 
(day 8 to 14) 





Number of adequate specimens 37/55 67 108/150 
Number with HPV detected 29/37 78 85/108 
HPV type detected 
6, 11 16/29 55 29/85 
16, 18 2/29 7 7/85 
6, 11, 16, 18 6/29 2l 27/85 
Untypeable 5/29 17 22/85 










Three 
(day 15 to 21) 


Four 
(day 22 to 28) 





70 96/124 76 74/98 76 315/427 74 
79 75/96 78 62/74 84 251/315 80 
34 28/75 37 28/62 45 101/251 40 

8 8/75 11 8/62 13 25/251 10 
32 27/75 36 15/62 24 75/251 30 
26 12/75 16 11/62 18 50/251 20 





who provided a sequential specimen required treat- 
ment for cervical intraepithelial neoplasia before re- 
peated sampling, although a biopsy specimen was ob- 
tained to confirm cervical intraepithelial neoplasia stage 
at the initial visit. The second specimen was collected 
after a time interval of at least 6 months. All women 
included in the cohort had regular menstrual cycles and 
did not differ significantly with regard to age (mean, 
25.9 years; range, 15 to 50 years). Oral contraceptives 
were taken by 195 women and 232 women used non- 
hormonal forms or did not use contraceptive methods. 
At the time of gynecologic assessment, each patient was 
questioned with regard to the date of her last menstrual 
period. On the basis of this information, each specimen 
was assigned to one of four categories. Categories com- 
prised blocks of 7 consecutive days within a 28-day 
menstrual cycle; category one corresponded with the 
onset on menses. Laboratory personnel were not in- 
formed of the specimen categorization. 

Filter in situ hybridization. Specimen analysis and 
interpretation of autoradiographic data with regard to 
HPV typing and specimen adequacy has been 
described' and is outlined. briefly. Specimens are 
thawed, centrifuged at 4000 g for 10 minutes and pel- 
lets are resuspended in 200 pl of phosphate-buffered 
saline solution. A 100 pl aliquot of each specimen is 
spotted onto duplicate nylon membranes. A 1 ng quan- 
tity of genomic DNA for each of HPV types 6, 11, 16, 
and 18 acts as positive controls, whereas pooled exfo- 
liated buccal cells collected from six persons free of oral 
papillomavirus infection serves as a negative control. 
Cells are lysed and DNA denatured by placing mem- 
branes on the surface of filter paper saturated with a 
solution that contains 0.5 mol/L sodium hydroxide, 
1.5 mol/L sodium chloride. After 30 minutes the mem- 
branes are transferred to the surface of filter paper 
saturated with a solution that contains 0.5 mol/L Tris 
hydrochloride, pH 7.4, 2.5 mol/L sodium chloride, and 
neutralized. After air-drying, nucleic acids are fixed to 
membranes by baking at 68° C for 4 hours. 


All filters are prehybridized for 3 hours at 42°C ina 
solution that contains 20% formamide, 5x standard 
saline citrate (1 X standard saline citrate contains 0.15 
mol/L sodium chloride, 15 mmol/L sodium citrate), 5 x 
Denhardt’s solution (50 x Denhardt’s solution contains 
1% Ficoll 400, 1% polyvinylpyrrolidone, and 1% bovine 
serum albumin fraction V), 0.5 mg/ml yeast transfer 
ribonucleic acid, and 20 mol/L Tris hydrochloride, pH 
7.5. After prehybridization, nick-translated pooled ge- 
nomic DNA probes for HPV types 6 and 11 and types 
16 and 18 are heat-denatured and added to the pre- 
hybridization buffer of respective duplicate filters. 
Probes are radiolabeled to a specific activity of 1 to 
3 x 10° counts per minute/jzg DNA with phosphorus 
32—deoxycytidine triphosphate and are added to the 
hybridization buffer at a final concentration of 10 
ng/ml per DNA species. Hybridization is carried out 
overnight at 42° C (melting temperature — 40° C). Fil- 
ters are washed twice for 30 minutes at 50° C in 2x 
standard saline citrate, 0.1% sodium dodecyl sulfate fol- 
lowed by two 30-minute washes in 0.1 xX standard saline 
citrate, 0.1% sodium dodecyl sulfate. The nylon filters 
are kept moist and autoradiographed at — 70° C with 
Kodak XAR-5 film (Eastman Kodak Co., Rochester, 
N.Y.) and Dupont intensifying screens for 1 to 3 days. 
Filters are rewashed as described above at 65° C (melt- 
ing temperature ~ 20° C). Autoradiography is re- 
peated for 5 to 7 days. Infecting virus types are deter- 
mined by comparing hybridization signals obtained un- 
der nonstringent (melting temperature — 40° C) and 
stringent (melting temperature — 20° C) conditions. 
Specimens that display an autoradiographic signal 
above background under nonstringent conditions only 
for all HPV probes are considered to be infected with 
an untypeable HPV. Specimens that display an autora- 
diographic signal above background under both non- 
stringent and stringent conditions with a specific com- 
bined HPV probe are considered to be infected with an 
HPV type(s) homologous to the probe. Adequate spec- 
imens that fail to show an autoradiographic signal 
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Table II. Results of filter in situ hybridization analysis for specimen adequacy and HPV infection 
throughout the menstrual cycle for women who take oral contraceptives, use nonhormonal forms or do 


not use any birth control method 








Category in menstrual cycle 









One 
(day I to 7) 










Two 
(day 8 to 14) 













Three 
(day 15 to 21) 


Pour 
(day 22 to 28) 











Women who take oral contracep- 
tives 


Number of adequate specimens 15/23 65 58/65 
Number with HPV detected 10/15 67 49/58 
HPV type detected 
6, l1 4/10 40 16/49 
16, 18 0/10 0 5/49 
6, 11, 16, 18 3/10 30 16/49 
Untypeable 3/10 30 12/49 
Women who do not take oral con- 
traceptives 
Number of adequate specimens 22/32 71 50/85 
Number with HPV detected 19/22 86 36/50 
HPV type detected 
6, 11 12/19 63 13/36 
16, 18 2/19 1I 2/36 
6, 11, 16, 18 3/19 16 11/36 
Untypeable 2/19 11 10/36 


above background under nonstringent conditions for 
all HPV probes are considered to be free of HPV. The 
filter in situ hybridization technique can detect 10° cop- 
ies of homologous HPV genome under stringent con- 
ditions after 18 hours of autoradiography. 

Assessment of specimen adequacy. An estimate of 
the relative amount of human genomic DNA in each 
specimen is obtained by a final stringent hybridization 
of specimen membranes and a dilution series of HeLa 
cells, to a radiolabeled probe specific for an Alu I re- 
petitive human DNA sequence.” The HeLa cells are 
treated in the same manner as the cervical specimens. 
Autoradiographic signals obtained after an equivalent 
time period, usually 1 to 2 days, are compared. Any 
specimen that fails to show a convincing autoradi- 
ographic signal with the HPV probes and also showing 
an autoradiographic signal of less intensity than that 
observed with 10° HeLa cells, the approximate equiv- 
alent of 300 ng of human DNA, is considered to be 
inadequate. Analysis of all autoradiographic results was. 
carried out by the same person (P. M.). 

Statistical analysis. Contingency tables were con- 
structed and y’ analyses performed to test the following 
hypotheses: (1) detection of HPV by filter in situ hy- 
bridization, (2) adequacy of the exfoliated cell specimen 
for filter in situ hybridization analysis, and (3) HPV 
type detected, are not related to the stage of the men- 
strual cycle at the time of exfoliated cervical cell col- 
lection. These analyses were carried out with data de- 
rived from the entire population of 427 women and 
with the subpopulations of 195 women who take oral 


89 48/59 81 42/48 88 163/195 84 
84 36/48 75 33/42 79 128/163 79 
33 13/36 36 17/33 52 50/128 39 
10 5/36 14 6/33 18 16/128 13 
33 9/36 25 7133 21 35/128 27 
24 9/36 25 3/33 9 27/128 21 
59 48/65 74 32/50 64 152/232 66 
72 39/48 81 29/32 91 123/152 81 
36 15/39 38 11/29 38 51/123 41 

6 3/39 8 2/29 7 9/123 7 
31 18/39 46 8/29 28 40/123 33 
27 3/39 8 8/29 28 23/123 19 


contraceptives and the 232 women who use nonhor- 
monal forms or do not use contraceptive methods. Sim- 
ilar statistical analysis was carried out to determine 
whether variation in the HPV typing observed with 
sequential specimens was related to menstrual cycle 
stage at the time of sampling. 


Results 


We used filter in situ hybridization analysis to assess 
cervical HPV infection, and adequacy for filter in situ 
hybridization analysis of exfoliated cell specimens col- 
lected from 427 women. Of the 427 specimens, 315 
(74%) were adequate for assessment of HPV infection 
and 251 (80%) women showed evidence of the virus 
(Table I). This high rate of HPV infection is not sur- 
prising because all women in the cohort had histopath- 
ologically confirmed cervical intraepithelial neoplasia. 
No specific sampling period within the menstrual cycle 
was identified as optimal for detection of HPV (p < 
0.75), or for collection of adequate specimens (p < 
0.25). Similarly, HPV genotyping is not influenced by 
the menstrual cycle (p < 0.25). 

Identical analyses were carried out with data derived 
from analysis of specimens from the two subpopula- 
tions; the first subpopulation comprises women who 
use nonhormonal birth contro] methods or do not use 
any birth control method, whereas the second subpop- 
ulation comprises women who take oral contraceptives. 
The menstrual cycle stage at the time of sampling did 
not influence detection of HPV (p < 0.25), HPV typing 
{p < 0.10), or specimen adequacy (p < 0.25) for the 
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Table III. HPV typing results among 39 women who provided two adequate and sequential specimens 











Number of specimens in each HPV category 


second specimen results 








First specimen results 





6, 11 (n = 10) 

16, 18 (n = 5) 

6, 11, 16, 18 (n = 8) 
Untypeable (n = 8) 
No HPV (n = 8) 
TOTAL 


4 
1 
2 
1 
1 
9 


NIS ooo mm 








6, 11, 16, 18 





Untypeable 





1 3 1 
2 1 0 
. 8 2 1 
4 1 2 
L 2 4 
l1 9 8 





first subpopulation of women (Table II). For those 
women who take oral contraceptives, no correlation was 
observed with regard to detection of HPV (p < 0.25) 
or HPV typing (p < 0.25), but menstrual cycle stage at 
the time of sampling did influence the adequacy of 
the exfoliated cell specimen (Table II). Specimens col- 
lected during menses were significantly more likely to 
be inadequate than those collected during the remain- 
der of the cycle (p < 0.05) for women who take oral 
contraceptives. However, when a comparison of spec- 
imen adequacy was made between the two subpopu- 
lations, it became apparent that even during menses, 
women who take oral contraceptives provided at least 
as many adequate specimens as women who use forms 
other than oral contraceptives (p < 0.9). Thus the over- 
all effect of oral contraceptives was to increase the num- 
ber of adequate specimens obtained from these women 
throughout the menstrual cycle relative to women who 
do not take oral contraceptives (p < 0.005). 

Analysis of sequential specimens. A second speci- 
men was collected from 58 women who initially pro- 
vided an initial adequate specimen. Thirty-nine (67%) 
specimens were adequate by filter in situ hybridization 
analysis and results of typing the initial and subsequent 
specimen are presented in Table II]. Whereas HPV 
was detected consistently in 80% of initial arid sequen- 
tial specimens, only 13 (33%) women had identical re- 
sults on initial and subsequent tests. Four (50%) of eight 
women initially negative for HPV infection showed the 
presence of HPV in the sequential specimen and con- 
versely, four (13%) of 31 women who initially showed 
HPV cervical infection were negative for the virus in 
the subsequent test. The second result obtained for the 
remaining 18 women varied greatly from the initial 
finding, with the majority of women switching between 
infection with single or multiple types. To determine 
whether the HPV typing variability observed with se- 
quential specimens was related to obtaining the two 
specimens during different menstrual stages, we com- 
pared the results of HPV typing among women tested 
in the same or different menstrual cycle stage (data not 
shown). Among 16 women tested on two occasions dur- 
ing the same menstrual cycle stage, five (31%) had iden- 
tical HPV results, whereas eight (35%) of 23 women 


tested at two different stages in the cycle had identical 
results. The variability in findings could not be attrib- 
uted to sampling at two different stages in the men- 
strual cycle (p < 0.75). 


Comment 


Exfoliated cervical cells are commonly used as a spec- 
imen for detection of HPV infection, whether with filter 
in situ hybridization analysis or techniques that require 
DNA isolation. However, no attempt has been made to 
determine whether there is a period during the men- 
strual cycle when HPV detection, typing, or specimen 
adequacy is optimum. During the course of investiga- 
tions with cervical cells to monitor the prevalence of 
HPV infection, we and others? * have observed fluc- 
tuations in HPV detection and typing in sequential 
specimens not attributable to test variability. Variation 
in specimen adequacy was also noted. In an attempt to 
identify an optimum sampling window during the men- 
strual cycle, we examined the possibility that these vari- 
ations were correlated with cycling of hormones 
throughout the menstrual cycle., However, we found 
that HPV detection and HPV typing are not influenced 
by menstrual stage at the time of sampling. We did find, 
in the case of women who take oral contraceptives, that 
the adequacy of the specimen for filter in situ hybrid- 
ization analysis was menstrual-stage dependent, with a 
significant chance of obtaining an inadequate specimen 
during the first week of the menstrual cycle. However, 
during the 3 weeks after menses, women who take oral 
contraceptives provided a greater number of adequate 
specimens than did women who use other forms or do 
not use contraceptive methods. Presumably this is be- 
cause of greater exfoliation of cervical cells during this 
period. 

It is already recommended that collection of exfoli- 
ated cells for papanicolaou smear analysis occur in 
other than the first week of the cycle.'' On the basis of 
our findings, specimens for HPV detection and typing 
can be collected at any time when women are normally 
gynecologically assessed. There is no need for the con- 
straint of cycle-dependent sampling. 

We are aware that determination of specimen ade- 
quacy on the basis of relative cell number is an arbitrary 
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decision. Detection of HPV by filter in situ hybridiza- 
tion is a function of not only total cell number, but of 
the proportion of infected cells in the specimen, and 
of the viral genome copy number in these cells. How- 
ever in our study 30% of the specimens analyzed in 
our laboratory were judged to be inadequate on the 
basis of Alu I probe hybridization. It is our experience 
that without this final hybridization step, a significant 
proportion of women would be reported as falsely neg- 
ative for HPV infection. , 

Our study also provides significant information with 
regard to the use of filter in situ hybridization for HPV 
detection and typing. We found discordant results for 
66% of women, providing an adequate sequential spec- 
imen. Whereas most of these women showed an oscil- 
lation between single and multiple infections, four 
women showed a change from positive to negative sta- 
tus despite no treatment intervention. The subsequent 
negative finding could be attributable to elimination of 
the virus as a result of biopsy, but this is unlikely because 
HPV has been shown to infect normal appearing epi- 
thelium far removed from the site of the lesion’? and 
these areas of the cervix should be represented in the 
specimen. In addition to these findings, six women with 
typeable infections had untypeable infections on reas- 
sessment; conversely five untypeable infections were 
subsequently typed. The switch from positive to neg- 
ative or typeable to untypeable infection status may 
reflect a relative reduction of virus genome copy num- 
ber between sequential specimens, such that HPV in- 
fection is at the lower limit of detection by filter in situ 
hybridization and reading of test results becomes sub- 
jective. 

Similar conclusions were reached by Parkkinen 
et al.’* These investigators, using in situ hybridization 
to detect HPV-16 infection in cervical cell specimens, 
observed switching between positive and negative in- 
fection status with sequential specimens. They sug- 
gested that the variability in test findings was a result 
of variation in the number of infected cells per speci- 
men and in the amount of viral DNA per infected cell. 
However, because we could not eliminate these vari- 
ables in our investigation, we could not determine 
whether the actual copy number of the HPV Sperone 
varies during the menstrual cycle. 

It becomes obvious from our findings that if typing 
of HPV infections is to be used as a prognostic indicator 
of disease outcome, one or even ‘two assessments of 
HPV infection status by filter in situ hybridization is 
not adequate. The technique lacks the sensitivity re- 
quired to accurately type infections that appear to fluc- 
tuate in virus load. We are investigating polymerase 
chain reaction amplification’ as an alternative screen- 
ing procedure to filter in situ hybridization, and pre- 
liminary evidence indicates that sequential HPV typing 
results obtained with this technique are much more 
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consistent—a reflection of increased test sensitivity and 
specificity. 

Despite the limitations of filter in situ hybridization, 
the observed fluctuations in HPV detection and typing 
cannot be attributed to test artifact because the filter in 
situ hybridization procedure is standardized and in- 
cludes appropriate controls. However, our investiga- 
tion indicates that hormonal cycling is not responsible. 
Whether the variations in HPV detection or typing by 
filter in situ hybridization can be attributed to reacti- 
vation of latent infection requires further study. 


Cloned HPV probes were provided by Drs. H. zur 
Hausen, L. Gissmann, and E.-M. de Villiers. 
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Prediction of preterm delivery: Is it substantially improved by 


routine vaginal examinations? 


Béatrice Blondel, PhD, Xavier Le Coutour, MSc, MD,* Monique Kaminski, MSc, 
Charlette Chavigny, Gérard Bréart, MSc, MD, and Claude Sureau, MSc, MD 


Paris, France 


The ability of routine vaginal examinations to improve the prediction of preterm delivery was assessed in a 
group of 6909 women who were registered at each prenatal visit and on whom this examination had been 
carried out. We compared two risk scores, one including known risk factors (maternal characteristics and 
symptoms reported by women), and the other including these factors and the findings of vaginal 
examination. These risk scores were computed by multiplying the adjusted odds ratio estimations obtained 
by logistic regressions. The prediction of preterm delivery was improved significantly by vaginal 
examination at 25 to 28 weeks’ and 29 to 31 weeks’ gestation. However, the improvement was not very 
large: when 30% of nulliparous women were classified as high risk at 29 to 31 weeks, the sensitivity was 
55% when considering only the risk factors and 63% when adding the findings of vaginal examination; the 
percentages were 52% and 55%, respectively, for parous women. These results partially explain why the 
medical practice of routine vaginal examinations varies from country to country. (AM J OBSTET GYNECOL 


1990;162:1042-8.) 


Key words: Routine vaginal examination, preterm delivery, prediction 


An important part of the prevention of preterm birth 
is the prediction of this outcome by early identification 
of high-risk women. At present, several risk factors that 
are ascertainable at the beginning of pregnancy are well 
known: demographic characteristics (age and parity), 
social conditions (social class and marital status), and 
reproductive history (previous preterm delivery or 
perinatal death).'* 

One way to improve the prediction of preterm de- 
livery is to include relevant clinical signs that develop 
during the course of the pregnancy. Vaginal exami- 
nations could be performed routinely to detect cervi- 
cal changes. Four recent studies conducted in the 
United States, Sweden, and France have shown that 
cervical examination in the late second or early third 
trimester might serve to identify high-risk women 
for preterm delivery or birth infants of low birth 
weight.” i 
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In the management of prenatal care, attention is gen- ' 
erally paid to risk factors such as age or reproductive 
history, but there is no consensus concerning the use- 
fulness of vaginal examinations; in some countries it is 
performed routinely at each visit and in others it is 
seldom performed." Thus it is important to know the 
benefits of such a screening procedure compared with 
a care policy based only on risk factors and symptoms 
reported by the women themselves. The aim of this 
study was to establish whether the result of vaginal 
examinations improves the predictive value of a pre- 
term delivery score that would otherwise include only 
maternal characteristics and symptoms. This study was 
based on the overall population of two outpatient clinics 
in which a vaginal examination was carried out at each 
prenatal visit. 


Patients and methods 


Between 1975 and 1977, 7641 women with single 
pregnancies were delivered in two teaching hospi- 
tals: Maternité Baudelocque and Hôpital Saint Vincent 
de Paul, Paris. We excluded 732 women because of 
the following reasons: (1) gestational age unknown 
(n = 323), (2) induction of labor or cesarean section 
before onset of labor, performed before 37 weeks of 
gestation (n = 581), or (3) first prenatal visit at the out- 
patient clinic less than 6 days before delivery (n = 486). 
Finally 6909 women were included in the study. 

In this population 49,204 prenatal visits were regis- 
tered prospectively (average per woman, 7.1), and char- 
acteristics of the cervix were reported in 99.5% of these 
visits. We were interested in the prenatal visits done 
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Table I. State of the cervix at 25 to 28 weeks and 29 to 31 weeks in nulliparous and parous women 





Nulliparous women 








Parous women 











Condition of cervix 25-28 wk 
Dilated internal os (%) 2.2 
Effaced cervix (%) 5.4 
Mid position (%) 17.9 
Soft (%) 63.3 
Expanded lower uterine 4.4 
segment (%) 
No. of women 3159 
Proportion of the total sample (%)* 78.5 











29-31 wk 


6.1 3.5 10.0 
9.7 5.0 8.4 
17.6 19.1 18.0 
70.5 70.6 76.1 
9.2 4.4 8.7 
2617 2166 1709 
65.0 75.1 59.2 


*Number of women who had at least one prenatal visit in the studied period divided by the total number of nulliparous 


(multiparous, respectively) women in the sample. 


Table II. Preterm delivery rate* according to the state of the cervix at 25 to 28 weeks and 29 to 31 weeks 
in nulliparous and parous women 






Condition of cervix 


Dilated internal os 


No (%) 4.5 

Yes (%) 30.9} 
Effaced cervix 

No (%) 4.7 

Yes (%) 12.84 
Mid position 

No (%) 4.5 

Yes (%) 8.0 
Soft 

No (%) 2.6 

Yes (%) 6.57 
Expanded lower uterine segment 

No (%) 5.1 

Yes (%) 4.3 
Total preterm delivery rate (%) . 5.0 


*Spontaneous deliveries before 37 full weeks of gestation. 
tp < 0.001. 

tp < 0.01. 

§p < 0.05. 


between 25 and 31 weeks’ gestation, because this is an 
appropriate time to implement specific preventive mea- 
sures. We distinguished two periods (25 to 28 weeks 
and 29 to 31 weeks) to take into account the gradual 
maturation of the cervix.'? When a woman had had 
more than one prenatal visit in the same period, the 
last one was selected. We excluded the visits that were 
made less than 48 hours before delivery, to distinguish 
signs of threatened preterm labor from the first signs 
of labor. The proportion of women who had a prenatal 
visit in the defined periods of gestation varied from 
59% to 78% (Table I). 

The analysis was conducted separately for nullipa- 
rous (n = 4025) and parous women (n = 2884), be- 
cause the frequency of some of the maturation signs of 
the cervix is different in the two groups*'** and history 
of preterm delivery, which is a main risk factor, can be 
taken into account for parous women only. 

We selected five maturation signs of the cervix. The 





Parous women 


3.7 4.7 3.2 
15.77 22.7 LL.7t 
3.9 5.0 3.6 
10.37 ALF 9.7 
3.9 5.0 3.6 
7.24 7.38 5.2 
1.9 3.3 2.7 
5.67 6.24 4.5 
4.2 5.0 3.9 
6.7 10.48 6.7 
4.4 5.3 4.1 


cervical internal os was considered dilated when its 
opening =1 cm. The length of the cervix was classified 
as effaced when it was very short (<1 cm). The cervix 
had a mid position when it had lost its posterior ori- 
entation. Consistency of the cervix was described as soft 
or firm. The lower uterine segment was expanded 
when it was thin and the fetus could be palpated 
through the vaginal fornices. At the end of the visit all 
of these signs were noted by the care provider on a 
standardized medical record. 

Risk factors included in the analysis were: (1) ma- 
ternal age, (2) parity, (3) stature, (4) weight before preg- 
nancy, (5) history of stillbirth, (6) history of preterm 
delivery, (7) history of two or more miscarriages, (8) 
women’s occupational situation, and (9) situation of the 
child’s father. We also took into account bleeding and 
painful contractions reported by the women at the pre- 
natal visit. 

The length of gestation was calculated from the first 
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Table III. Adjusted* odds ratio of preterm delivery according to sequence of analysis} and period of 
gestation in nulliparous women 






Period of gestation 


25-28 wk 29-31 wk 
















95% Cl 





Risk factors 
Maternal age (yr) 


£19 2.0 0.9-4.7 1.7 0.7-4.1 1.4 0.5-4.4 L1 0.4-3.6 
235 . 0.1 ll 0.1 ll 1.7 0.4-7.9 1.5 0.3-7.2 
Maternal occupation§ . . 
Manual worker 0.1 || 0.1 il 1.0 0.3-5.2 0.8 0.2-4.2 
No occupation 2.2 0.8-6.0 2.0 0.7-5.8 1.3 0.4-4.6 LI 0.3-4.1 
Paternal situation 
Manual worker 1.8 0.9-3.5 2.0# 1.0-3.8 3.3** 1.7-6.2 3.4% 1.8-6.7 
Father unknown 1.1 0.7-1.7 1.0 0.7-1.6 1.1 0.7-1.9 1.2 0.7-1.9 
Maternal height = 151 cmb 1.3 0.7-2.5 1.4 0.7-2.7 1.4 0.7-2.8 14 0.7-2.9 
Symptoms - 
Bleeding 3.34% 1.6-7.0 2.5# 1.1-5.6 2.7# 1.0-7.1 2.8# 1.0-7.6 
Painful contractions 1.8¢+ 1.2-2.7 1.4 0.9-2.1 1.5 1.0-2.3 1.2 0.7-1.9 
State of the cervix 
Dilated internal os 7.7% 4.0-15.1 3.7#* 2.1-6.5 
Effaced cervix - 1.7 0.9-3.1 1.5 0.8-2.6 
Mid position 1.1 0.7-1.7 Ll 0.7-1.8 
Soft 1.844 1.2-2.9 1.9# 1.1-3.3 
Expanded lower uterine segment 0.6 0.2-1.4 1.3 0.7-2.5 


OR, Odds ratio; CZ, confidence interval. 
*Also adjusted for hospitalization and place of care. 


{Sequence I: maternal and paternal characteristics and symptoms; sequence II: maternal and paternal characteristics, symptoms, 


and maturation signs of the cervix. 
Reference group: 20 to 34 years. 


§Reference group: maternal occupation other than manual worker. 


[Undetermined confidence interval. 


{Reference group: paternal occupation other than manual worker. 


#p < 0.05. 

**p < 0.001. 

ttReference group > 15] cm. 
+p < 0.01. 


day of the last menstrual period. This date was some- 
times rectified at the first prenatal visit according to the 
results of the medical examination. Preterm birth was 
defined as a birth before 37 completed weeks of ges- 
tation. According to the population selection, only 
spontaneous preterm deliveries were considered. 

We first studied the relationships between preterm 
delivery, each risk factor, the reported symptoms, and 
the cervical data for each period of gestation. The sta- 
tistical method used for analysis was Pearson’s x’ test. 

We then analyzed the predictive value of vaginal ex- 


amination and risk factors and symptoms at each period- 


of gestation, using a logistic regression model. The 
analysis was performed in a sequential manner. In se- 
quence I the model included bleeding, contractions, 
and the risk factors that were significantly related to 
preterm delivery in the univariate analysis. In sequence 
II the characteristics of the cervix were added. In both 
sequences we adjusted for the place of care because the 
clinical management of threatened preterm labor was 


different in the two hospitals.“ We also took into ac- 
count hospitalizations during pregnancy as an indicator 
of medical intervention when threatened preterm labor 
was diagnosed. Models I and II were compared with 
the likelihood ratio test and, for each variable, adjusted 
odds ratio and confidence interval were calculated. 

Two risk scores were computed for each woman, 
corresponding to sequences I and II, respectively. Both 
were obtained by multiplying the adjusted odds ratio 
estimations in the logistic regression. The scores were 
used to define high-risk groups. For each score the 
cutoff point was selected so that the proportion of high- 
risk women was as close as possible to 30%. We chose 
such a proportion because it is frequently used in risk- 
scoring systems." Sensitivity, specificity, and predictive 
values were calculated. 


Results 


Dilatation of the internal os, effacement of the cervix, 
and expansion of the lower uterine segment were not 
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Table IV. Adjusted odds ratio of preterm delivery according to sequence of analysis and period of 
gestation in parous women* 






Period of gestation 





25-28 wh 29-31 wh 












Sequence I Sequence i Sequence I Sequence II 


oe [oma | on [oma [oe [oma] on | 


Risk factors 
Maternal age (yr) 


=21 2.9f 1.3-6.5 3.0t 1.3-6.7 2.7} 1.0-6.8 2.5 0.9-6.7 
235 1.0 0.4-2.3 0.9 0.3-2.3 0.7 0.2-2.3 0.8 0.2-2.8 
Parity =3 1.5 0.3-6.1 1.64 1.0-2.5 1.94 1.1-3.3 2.14 1.2-3.6 
Previous stillbirth 0.8 0.3-1.7 0.8 0.3-1.7 0.9 0.4-2.2 0.9 0.3-2.2 
Previous preterm delivery 2.68 1.6-4.1 2.5§ 1.5-4.0 2.68 1.5-4.7 2.98 1.6-5.2 


Maternal occupation 


Manual worker 1.2 0.3-4.9 11 0.2-4.9 0.8 0.2-4.4 0.9 0.2-4.9 
No occupation 2.1 0.6-6.8 2.0 0.6-6.5 0.9 0.2-3.7 0.8 0.3-3.7 
Paternal situation 
Manual worker 0.9 0.2-4.1 0.9 0.2-4.3 1.2 0.1-9.2 0.9 0.1-10.1 
Father unknown 1.0 0.6-1.6 1.0 0.6-1.6 1.3 0.7-2.3 1.4 0.8-2.6 
Maternal height = 151 cm 1.4 0.7-2.8 l.l 0.6-2.3 l.i 0.5-2.6 1.0 0.4-2.6 
Symptoms 
Bleeding 2.2 0.7-6.9 2.6 0.8-8.3 2.4 0.7-8.5 1.9 0.5-7.9 
Painful contractions lJ 0.6-1.8 0.7 0.4-1.3 1.5 0.9-2.5 1.1 0.6-2.0 
State of the cervix 
Dilated internal os 3.3t 1.6-6.8 3.8§ 2.0-7.0 
Effaced cervix 1.5 0.7-3.2 1.6 0.7-3.3 
Mid position 1.4 0.8-2.2 1.2 0.6-2.2 
Soft ; 2.04 1.1-3.6 1.4 0.7-2.9 
Expanded lower uterine segment 2.4} 1.1-5.2 2.24 1.0-4.6 


OR, Odds ratio; CI, confidence interval. 

*Also adjusted for hospitalization and place of care. 
tp < 0.01. 

tp < 0.05. 

$p < 0.001. 


frequently observed in nulliparous and parous women 
(Table I). On the contrary, about two thirds of the 
women had a soft cervix. 

The preterm delivery rate was 5.0% in nulliparous 
women who had had a prenatal visit between 25 and 
28 weeks and 4.4% in nulliparous women who had had 
a visit between 29 and 3] weeks (Table II). Cervical 
dilatation, length of the cervix, position, and consis- 
tency of the cervix were significantly related to preterm 
delivery at each period. The expansion of the lower 
uterine segment was not associated with preterm de- 
livery. i 

The preterm delivery rate was 5.3% and 4.1%, re- 
spectively, in parous woman who had had a prenatal 
visit between 25 and 28 weeks and those who had had 
a visit between 29 and 31 weeks. Dilatation of the cervix 
and effacement were significantly associated with pre- 
term delivery at each period. Mid position, softness, 
and expanded lower uterine segment were predictors 
of preterm delivery between 25 and 28 weeks only. 

In the studied population the preterm delivery rate 
was related to maternal age, parity, maternal stature, 
and maternal and paternal occupation. Preterm deliv- 
ery was more frequent when paròus women had had 


previous stillbirth or preterm delivery. However, ma- 
ternal weight before pregnancy and a history of two 
miscarriages or more were not related to preterm de- 
livery in the current pregnancy; these two factors were 
not included in the multivariate analysis. 

In nulliparous women the comparison of logistic 
regression I (including risk factors and symptoms) and 
logistic regression II (including risk factors, symptoms, 
and findings of vaginal examination) showed that this 
examination improved the prediction of preterm de- 
livery significantly (x? = 32.2, df = 5, and p < 0.001 
for the 25- to 28-week period; x* = 20.8, df = 5, and 
p < 0.001 for the 29- to 31-week period). Cervical con- 
sistency and dilatation of the internal os were the only 
characteristics of the vaginal examination that were re- 
lated to preterm delivery (Table III). Bleeding was sig- 
nificantly associated with preterm delivery before and 
after cervical characteristics were taken into account. 
Between 29 and 31 weeks, the same was observed for 
the situation of the child’s father. Between 25 and 28 
weeks, the paternal situation became significantly re- 
lated to preterm delivery when cervical data were in- 
cluded. However, contractions were no Jonger related 
to this outcome. ` aa 
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` Table V. Predictive value of a risk score* based on risk factors and symptoms or these factors and state of 


the cervix 





High-risk women (%)t 32.4 34.7 
Sensitivity (%) 45.6 53.7 
Specificity (%) 68.4 66.4 
Positive predictive value (%) 7.2 7.9 
Negative predictive value (%) 95.9 96.4 








Nulliparous women 


29-31 wk 









Parous women 









34.0 30.1 32.9 29.7 29.4 
63.3 48.1 57.5 52.1 54.9 
62.7 70.8 68.5 — 71.3 71.8 

7.6 8.2 9.0 7.6 8.1 
97.2 96.2 96.7 97.1 97.3 


RFS, Risk factors and symptoms; RFSC, risk factors, symptoms, and state of the cervix. 
*Risk score of each woman obtained by multiplying the adjusted odds ratio estimations in the logistic regression. 
tHigh-risk women: score cutoff point chosen so that their proportion was as close as possible to 30%. All other women were 


considered at low risk. 


In parous women, data on the cervical state signifi- 
cantly improved the prediction of preterm delivery at 
each period of gestation (25- to 28-week period: 
xX? = 18.4, df = 5, and p < 0.01; 29- to 31-week period: 
x? = 19,7, df = 5, and p < 0.01). Preterm delivery was 
significantly related to dilatation of the internal os and 
expansion of the lower uterine segment at each ges- 
tational period and to softness between 25 and 28 weeks 
only (Table IV). Among the risk factors, age, parity, 
and above all history of preterm delivery were associ- 
ated with preterm delivery in both sequences, before 
and after cervical data were included. 

When 30% of the women were considered a high- 
risk group, according to their risk score, the sensitivity 
varied between 46% and 52% and the specificity be- 
tween 66% and 71%, before the data from the vaginal 
examination were included (Table V). When the cer- 
vical characteristics were taken into account the sensi- 
tivity increased, but the improvement was moderate 
and the decrease of the specificity was very small. The 
increase of the predictive values was small when the 
vaginal examination findings were included; the posi- 
tive predictive value varied between 7.6% and 9.0% 
according to gestational age and parity and the negative 
predictive value varied between 96.4% and 97.3%. 


Comment 


This study showed that in the general population the 
findings from the vaginal examination improved the 
prediction of preterm delivery, which otherwise would 
have been based on risk factors and symptoms, but this 
improvement was not very large. 

The women with a high risk for preterm delivery or 
an incompetent cervix may have been numerous in our 
study because they were required to have more visits 
than other women. This situation could overestimate 
the relationship between preterm delivery and the state 
of the cervix. However, in our population the propor- 


tion of women who had a prenatal visit in the selected 
periods of gestation was high (60% to 80%). 

Several studies conducted in the United States, 
United Kingdom, and India have examined prediction 
of preterm delivery or low birth weight based on 
the state of the cervix” *'*'"°°; only two showed a sig- 
nificant relationship between outcome of pregnancy 
and cervical maturation. Leveno et al.’ found that the 
incidence of low birth weight was related to a cervical 
dilatation detected between 26 and 30 weeks, and 
Stubbs et al. showed an increased risk of preterm de-. 
livery associated with cervical dilatation, effacement, or 
low station at 34 weeks. However, all of these studies 
were based on small samples. Furthermore they were 
restricted to low-risk women and cannot provide any 
conclusion regarding the benefits of routine vaginal 
examinations in the overall population. In France this 
examination has long been recommended throughout 
pregnancy,” and nearly all women have several.” 
Therefore the predictive value of vaginal examination 
can be studied in day-to-day practice in very large pop- 
ulations, and three previous studies and ours found 
that signs of cervical maturation were related to out- 
come of pregnancy after controlling for risk factors and 
symptoms. '® 74 

In the mid-1970s a very active policy was followed to 
prevent preterm deliveries in the two hospitals included 
in the study.’* For example, of all the women who were 
delivered in these hospitals between 1975 and 1977, 
9.4% were hospitalized because of threatened preterm 
labor. Medical decisions made when incompetent cervix 
was diagnosed may have reduced the relationship be- 
tween preterm delivery and the state of the cervix. To 
take into account the effects of medical decisions, the 
odds ratios for preterm delivery were adjusted for hos- 
pitalization. However, this factor can also be considered 
an indicator of severity of threatened preterm labor. 
An analysis excluding hospitalization from the model 
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led to the same conclusions.” Other medical decisions 
may have influenced the relationship between cervical 
characteristics and preterm delivery. No information 
was available in our data set about treatments, but ben- 
efits of intravenous B-mimetics are limited” and in the 
literature there is no evidence on the effectiveness of 
the other treatments prescribed to prevent delivery.” 
Thus it seems that beneficial effects of medical inter- 
vention cannot entirely explain the limited improve- 
ment in the prediction of preterm delivery when find- 
ings of vaginal examinations are considered. 

Results of our study and the study of Bouyer et al.!° 
suggest that among all the cervical characteristics the 
opening of the internal os was the major predictive 
factor. In our population this maturation sign was re- 
lated to preterm delivery at each period of gestation 
and had the highest adjusted odds ratio. This can be 
explained partly by the more reliable assessment of 
dilatation than by that of other signs; a study showed 
that disagreement between observers was small when 
evaluating dilatation during labor,” whereas assess- 
ment of cervical consistency, cervical position, and 
lower uterine segment may include a more subjective 
component. 

A significant relationship between the state of the 
cervix and preterm delivery is a necessary but not 
sufficient criterion for concluding in favor of routine 
repeated vaginal examinations. This practice might 
induce premature deliveries; Lenihan’? found that 
weekly vaginal examinations beginning at 37 weeks’ 
gestation were a contributing factor to premature rup- 
ture of membranes, and Mitchell et al. observed a 
rapid increase of circulating prostaglandin concentra- 
tions after vaginal examination in late pregnancy. An- 
other reason for questioning this examination is the 
potential risk of infection that is correlated with pre- 
term birth.” Furthermore the usefulness of repeated 
vaginal examinations will be demonstrated only if such 
a policy improves pregnancy outcome (i.e., if efficient 
treatments are available and if side effects of these 
treatments are limited). To assess the efficacy of re- 
peated vaginal examinations and evaluate their positive 
and negative secondary effects, a randomized, con- 
trolled trial is being carried out within the framework 
of a European community research program on the 
evaluation of perinatal care.” 
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Activation of the renin-angiotensin system during ritodrine 


treatment in preterm labor 


Myriam Hanssens, MD, Marc J. N. C. Keirse, MD, and E. Malcolm Symonds, MD 


Nottingham, England, and Leuven, Belgium 


Plasma renin activity, active renin concentrations, and total renin concentrations were measured serially in 
15 women in preterm labor treated with ritodrine. All three parameters showed rapid increases during 
treatment that depended on ritodrine doses and parallelled changes in maternal pulse rate. The slope of 
the correlation between plasma renin activity and active renin concentrations suggested an increase in 
both active renin and renin substrate during ritodrine treatment. In contrast, levels of inactive renin 
remained unchanged for several hours during ritodrine infusion, showing only a late and much smaller 
response than that of either total or active renin concentrations. Thus ritodrine treatment results in further 
activation of an already activated renin-angiotensin system in pregnancy. This activation relates to an 
increase in both renin enzyme and its substrate. It may be responsible for the disturbance in water 
balance and the risk of pulmonary edema associated with 8-sympathomimetic drug treatment in preterm 


labor. (AM J OssTeT Gynecot 1990;162:1048-53.) 


Key words: Renin, angiotensin, B-sympathomimetic agents, ritodrine, preterm labor 


In 1977, pulmonary edema started to be noticed 
as a potentially life-threatening complication of B- 
sympathomimetic drug treatment in West Germany. 
Within 1 year a case was reported from the 
United States and by 1980 several instances of severe 
morbidity and mortality from this complication had 
been published in the world literature.’ These cases are 
characterized by severe disturbances in electrolyte and 
water balances,’ and may relate to alterations in the 
activity of the renin-angiotensin system, which is an 
important regulator of sodium and water balances in 
the body. 

It is well known that the adrenergic system plays a 
major role in the mediation of renin release directly 
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through stimulation of the juxtaglomerular apparatus 
and probably also indirectly through cardiovascular 
reflex mechanisms. It is also known that the renin- 
angiotensin system is highly activated during preg- 
nancy.” The system can be activated further by B- 
sympathomimetic drug administration as illustrated by 
increases in plasma renin activity during infusion of 
isoxsuprine,® ritodrine,’ and fenoterol,* agents com- 
monly used to arrest preterm labor. 

Plasma renin activity reflects endogenous levels of 
both the active enzyme (active renin) and its substrate 
(renin substrate or angiotensinogen) from which the 
enzyme releases angiotensin I. The active enzyme 
concentrations can be determined by measuring the 
amount of angiotensin I generated by the addition of 
an excess of renin substrate. The total enzyme concen- 
tration (active and inactive renin) can be measured in 
the same manner after activation of the inactive renin 
fraction. 

Thus far, information on the influence of B- 
sympathomimetic drug treatment on tbe renin- 
angiotensin system in pregnancy is limited to its effects 
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on plasma renin activity. There is no information on 
the relationship between plasma renin activity and ei- 
ther active, inactive, or total renin concentrations dur- 
ing B-sympathomimetic drug treatment in pregnancy. 
In normal pregnancy it is especially the inactive renin 
fraction that is elevated,? but it is uncertain whether 
this also applies to B-sympathomimetic drug—induced 
effects. Indéed, observations in male volunteers ac- 
tually suggest that B-sympathomimetic drug-induced 
activation of the renin-angiotensin system does not re- 
late primarily to inactive renin.’ 

Therefore we studied active, inactive, and total renin 
concentrations as well as plasma renin activity during 
§-sympathomimetic drug treatment in women judged 
to be in preterm labor before 35 weeks’ gestation. 


Patients and methods 


Eighteen women with singleton pregnancies and un- 
complicated preterm labor between 27 and 35 weeks’ 
gestation were studied. They were all healthy and had 
not received drugs for at least 1 week before admission. 
Three women had ruptured membranes; no drugs 
were administered and all three were delivered vagi- 
nally within 12 hours of admission. The remaining 15 
women had intact membranes; they were in early labor 
with a cervical dilatation of <4 cm. They received in- 
travenous ritodrine (100 mg in 500 ml 5% dextrose in 
water) starting at a dose of 100 g/min, which was 
increased according to uterine response and was main- 
tained for 224 hours unless this became contraindi- 
cated by progressive labor or maternal side effects. All 
women were nursed in the lateral supine position. Oral 
intake was limited to fluids only. Maternal heart rate, 
blood pressure, side effects, and fetal heart rate were 
recorded every 10 minutes until the maximum infusion 
rate of ritodrine was reached and thereafter at 3-hour 
intervals for 24 hours. 


Blood samples were collected from an antecubital 
vein after the diagnosis of preterm labor was made, but 
before ritodrine treatment was started. Further samples 
were taken 3 hours after starting ritodrine and then at 
3- or 6-hour intervals for 24 hours (n = 9), until de- 
livery (n = 5), or until withdrawal of consent (n = 4). 
A control group of blood samples was obtained from 
22 apparently normal pregnant women attending the 
antenatal clinic between 28 and 35 weeks’ gestation, and 
from four pregnant volunteers, who gave 3-hour sam- 
ples over a period of 24 hours. All women were resting 
in a lateral supine position for 30 minutes before blood 
sampling. Blood samples were collected in chilled 
tubes that contained disodiumethylenediaminetetra- 
acetate and immediately centrifuged at 4° C. Plasma 
was stored at — 20° C until analysis. 

Immediately after thawing, plasma renin activity and 
active renin concentration were measured simulta- 
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Rifodrine, 3 hourly total dose (mg/3 hrs) 
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Systolic blood pressure (mmHg) 
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Time from starting Ritodrine (hours) 


Fig. 1. Effects of ritodrine administration in preterm labor 
(n = 15), showing mean + SEM total dose of ritodrine (mil- 
ligrams per 3 hours), systolic and diastolic blood pressure 
levels (mm Hg), and maternal pulse rate (beats/min). 


neously by radioimmunoassay of angiotensin I gener- 
ated during incubation at pH 7.4 and 37° C for plasma 
renin activity in the absence of, and for active renin 
concentrations in the presence of excess substrate from 
sheep (concentration > 1.1 ug/ml). Total renin concen- 
tration was measured in an aliquot of plasma after di- 
alysis at pH 3.3 for 18 hours at 4° C, heating at 32° C 
for 30 minutes, and dialysis at pH 7.5 for 18 hours. 
Inactive renin concentration was calculated as the 
difference between total and active renin concentra- 
tion. All results were expressed in nanogram - milli- 
liter~'- hour~' of angiotensin I generated. Serial sam- 
ples obtained from one person were measured in the 
same assay. Intraassay coefficients of variation were 
5.4% for plasma renin activity, 3.5% for active, and 
16.9% for total renin concentrations. l 

For statistical analysis the paired Student ¢ test, Wil- 
coxon rank sum test, and multivariance analysis were 
used as indicated. 
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Fig. 2. Mean + SEM plasma renin activity levels in ritodrine-treated (@) and untreated (0) women 
in preterm labor compared with values from pregnant volunteers (0) throughout 24-hour period. 


Table I. Clinical characteristics of the women studied 












No. of 
women 


Preterm labor 


Ritodrine treatment 15 

No £-sympathomimetic drugs 3 

TOTAL 18 

Pregnant controls l 26 
Results 


The clinical characteristics of the patients studied are 
shown in Table I. Three of the 15 women who received 
ritodrine had their treatment discontinued within 24 
hours, either because labor could not be stopped 
(n = 2) or because side effects including hypotension 
became unacceptable (n = 1). Doses and cardiovascular 
effects of ritodrine treatment are presented in Fig. 1. 

Plasma renin activity levels in the 18 study and four 
control subjects are shown in Fig. 2. In women without 
ritodrine treatment, plasma renin activity levels during 
progressive preterm labor were similar to those seen in 
normal nonlaboring women of similar gestational age 
(Fig. 2). During ritodrine treatment plasma renin ac- 
tivity levels increased markedly; levels after 3 hours of 
ritodrine infusion were significantly higher than those 
both before treatment (paired Student ¢ test; p< 
0.0001) and in untreated women (Wilcoxon rank sum 
test; p < 0.0001). Although there was a wide individual 
variation in plasma renin activity levels at any given 


dose of ritodrine, the relationship between plasma ` 


No. of 
nulliparous 
women 











Weeks’ gestation 
(mean + SD) 


Age (yr) 
(mean + SD) 








7 22 + 3.9 32 + 2.6 
2 22 + 4.9 344 1.5 
9 22 + 3.8 32 + 2.6 
13 23 + 3.9 32 + 2.6 


renin activity levels and ritodrine dose was statistically 
highly significant (multivariance calculated by general 
linear models of the Statistical Analysis System; p < 
0.0001). A significant relationship was also found be- 
tween plasma renin activity and maternal pulse rate, 
which in turn was significantly related to ritodrine dose 
(multivariance analysis; p < 0.0001). 

The rise in plasma renin activity during ritodrine 
treatment was reflected also in a rise of total renin con- 
centrations. Virtually all this rise was a result of an 
increase in active renin concentrations (Fig. 3) that 
were significantly elevated after 3 hours (paired Stu- 
dent ¢ test; p < 0.0002) and remained at the higher level 
throughout the 24-hour period. During ritodrine treat- 
ment the slope of the relation between plasma renin 
activity and active renin concentration seemed steeper 
than the slope obtained before treatment (Fig. 4). Sta- 
tistical analysis of the slopes is questionable because 
most of the values obtained during ritodrine treatment 
fell outside the range observed before treatment began. 

Inactive renin concentrations, in contrast with active 
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Fig. 3. Mean + SEM active (active renin concentration, 
ARC; circles) and inactive (inactive renin concentration, IRC; 
Squares) renin concentrations in 15 ritodrine-treated women 
(@ = ARC; @ = JRC) and 3 untreated women in progressive 
preterm labor (© = ARC; O = IRC). Hatched area represents 
reference values (mean + SEM) from 26 normal’ pregnant 
women of comparable gestational age. 


renin concentrations, remained at the same level for 
several hours during ritodrine infusion (Fig. 3). A ten- 
dency for an increase in inactive renin concentrations 
was observed only after 12 hours of ritodrine infusion 
(Fig. 3) and, on paired Student ¢ test, this reached con- 
ventional levels of statistical significance only after 21 
(p < 0.05) and 24 hours (p < 0.001; Fig. 3). 


Comment 


This study supports the concept that ritodrine in- 
fusion results in a rapid rise in plasma renin activity 
above the already elevated levels seen in pregnancy and 
labor.” Our observations also show that the increase in 
plasma renin activity is accompanied by a similar rise 
in active renin concentrations. Because intravenous ad- 
ministration of 5% dextrose in water at a flow rate of 
1.8 to 6 ml/min does not significantly affect the renin- 
angiotensin system,*° these observations relate to the 
active drug and not to the vehicle used. Plasma renin 
activity depends on the concentrations of both the ac- 
tive renin enzyme and its substrate in the plasma sam- 
ple. The apparently steeper slope of the correlation line 
between plasma renin activity and active renin concen- 
trations during ritodrine treatment suggests not only 
an increase in renin, but also a higher availability of 
renin substrate. This observation is in accord with 
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_ Fig. 4. Relation between plasma renin activity (PRA) and active 


renin concentration (ARC) before (©) and during (@) ritodrine 
treatment (n = 15). Formulas for the regression lines are 
y = 0.39 + 0.49x (r = 0.930; n = 15; p < 0.001) before and 
y = —0.14 + 0.87x (r = 0.949; n = 77; p< 0.001) during 
treatment. 


knowledge that both renin and angiotensin II are in- 
volved in the regulation of the release of renin sub- 
strate, 

Contrary to the suggestions of Lammintausta and 
associates,’ it is unlikely that the pregnant uterus itself 
contributes significantly to the changes in plasma renin 
activity and active renin concentrations during ß- 
sympathomimetic treatment of preterm labor. Neither 
in the dog’ nor in the ratë is the uterine renin-like 
activity affected by classic stimuli of renin release, 
which included the B-sympathomimetic agent isopro- 
terenol. Also in anephric man, extrarenal renin pro- 
duction does not respond to know renal stimuli, 
such as changes in posture, sodium balance, and B- 
adrenergic substances.* ° Moreover, dose-dependent 
changes in either plasma renin activity" or active renin 
concentration® were also described in male volunteers 
who received the -sympathomimetic agents orcipren- 
aline and isoproterenol. Although comparison of these 
data with our current observations is not straightfor- 
ward, the similarities in dose-related responses between 
nonpregnant and pregnant subjects suggest a same, 
presumably renal, source of this renin release. It is also 
noteworthy that we did not find any differences among 
either ritodrine-treated or nontreated women with re- 
gard to whether labor was stopped, which also tends to 
favor an extrauterine mechanism. 

The changes in active renin concentrations were 
closely related to ritodrine doses and were far more 
impressive than any change in blood pressure, which 
was small and not statistically significant in this study. 
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This suggests that the release of active renin is unlikely 
to be regulated by systemic cardiovascular mechanisms. 
The one patient with a systemic cardiovascular re- 
sponse, in that ritodrine treatment was discontinued 
because of hypotension, showed no excessive elevation 
of plasma renin activity. On the contrary, she had a 
lower plasma renin activity and a lower active renin 
concentration than all other ritodrine-treated women. 
Thus it is possible that precisely the women who 
show little response in plasma renin activity are also 
those who are likely to have hypotension during B- 
sympathomimetic drug treatment. However, the cause- 
effect relationship between B-sympathomimetic drug— 
induced activation of the renin-angiotensin system and 
changes in systemic blood pressure is still a long way 
from being. satisfactorily elucidated. Currently it re- 
mains remarkable that a fivefold increase in active renin 
concentrations is not reflected by more marked in- 
creases in blood pressure. This is likely to relate to the 
pregnancy-associated refractoriness to angiotensin II. 
In patients with preeclampsia, characterized by a loss 
of refractoriness to angiotensin II, ritodrine and 
other Jao a he HGH agents should be used with 
caution. i 

Although ritodrine infusion mainly affected release 
of active rather than inactive renin, there was a small 
but statistically significant increase in inactive renin con- 
centrations after ritodrine infusion for =20 hours. 
Coritrary to the.increase in active renin concentrations, 
this increase was not related to ritodrine dose and it is 
unclear how it is brought about. Inactive remiris are 
présent in the renal renin granules, but there is evi- 
dence that a large proportion of circulating inactive 
renin is of extrarenal origin. In pregnancy circulating 
inactive renins have been shown to originate also from 
the ovary” and the uterus.” However, if the uterine 
renin-angiotensin system were to respond to treatment 
with B-sympathomimetic agents, we would have ex- 
pected a faster rise in inactive renin concentration dur- 
ing B-sympathomimetic treatment than was actually ob- 
served, Inactive renins are usually considered to be the 
precursors of active renin, but Poulson and associates" 
have suggested that conversion of active to inactive 
renin may also occur. Such a mechanism could explain 
the late increase in inactive renin concentrations during 
B-sympathomimetic drug treatment, although our data 
offer no clear evidence to either support or refute this 
hypothesis. 

The most important clinical implication of the B- 
sympathomimetic drug-induced _hyperreninemia 
probably relates to its potential role in the pathophys- 
iologic mechanistn of pulmonary edema occasionally 
associated with tocolytic drug administration. This 
complication, which is quite distinct from cardiac fail- 
ure as a result of B-sympathomimetic drug—induced 
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myocardial necrosis, has been attributed to direct ef- 
fects on renal function.' B-Sympathomimetic drugs are 
known to decrease glomerular filtration and to increase 
reabsorption of sodium and water in the distal renal 
tubuli and collecting ducts. Both. these effects may be 
mediated by angiotensin, either directly or indirectly 
through angiotensin-induced release of aldosterone 
and antidiuretic. horrnone.** As these effects occur in 
the presence of a B-sympathomimetic—induced de- 
crease in pulmonary resistance and increase in cardiac 
output and pulmonary artery pressure,’ the resulting 
fluid overload may readily lead to the development of 
pulmonary edema,‘ especially when accompanied by 
vigorous hydration.' It is hoped that further knowledge 
on the regulation of the renin-angiotensin system 
may lead -to the elimination of this potentially life- 
threatening problem. 
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Intrauterine transfusion— Intraperitoneal versus intravascular 
approach: A case-control comparison 


C. R. Harman, MD,’ J. M. Bowman, MD,” F. A. Manning, MD," and S. M. Menticoglou, MD* 
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Intravascular fetal transfusion has gained widespread acceptance and has supplanted the use of 
intraperitoneal fetal transfusion in management of severe alloimmune disease in many centers. This study 
compares the two methods with regard to multiple objective end points of performance, therapy, and 
outcome in a highly matched case-control fashion. The intravascular approach is better on almost every 
level. More surviving infants who are in better condition at a mature gestation and whose mothers have 
fewer complications and sequelae are the result. Whereas intraperitoneal transfusion should not be - 
abandoned altogether, it is a second-line procedure used only in very limited circumstances. Intravascular 
fetal transfusion offers realistic prognosis for intact survival at virtually any extreme of alloimmune disease. 


(Am J OssteT GYNECOL 1990;162:1053-9.) 
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alloimmunization 


Having a choice of procedures for intrauterine treat- 
ment is a recent option in the management of severe 
fetal allommune disease. Whereas intraperitoneal fetal 
transfusion has been used for 25 years,'? the new al- 
ternative, intravascular fetal transfusion, has been 
available for only a few years in most centers.* * The 
widespread adoption of the new procedure suggests it 
has demonstrable advantages, but the data supporting 
that conclusion are few. 

Whereas hard data may be lacking, intravascular fetal 
transfusion has an intrinsic appeal. By definition, in- 
travascular fetal transfusion includes fetal vascular ac- 
cess and all the hematologic, acid-base—respiratory, and 
biochemical data that that entails. This permits man- 
agement by detailed fetal evaluation, rather than ac- 
cording to the indirect amniotic fluid and ultrasono- 
graphic inferences that guided treatment before fetal 
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blood sampling was available. Second, the procedure is 
technically more pleasing—a small needle is guided 
with high resolution into a small, precisely defined tar- 
get with virtual certainty as to proper placement. In- 
traperitoneal fetal transfusion, on the other hand, has 
much more force involved in directing a larger needle 
into a general area (the fetal peritoneal cavity) with 
some uncertainty as to proper placement. Third, some 
differences in results for the most ‘severely: affected 
fetuses are clear: at the dire extreme of disease (mor- 
ibund hydrops fetalis), intraperitoneal fetal transfusion 
is likely futile, whereas intravascular fetal transfusion 
offers hope.’ Because fetal breathing movements es- 
sential for absorption of the transfusion mass after in- 
traperitoneal fetal transfusion. are absent in the mori- 
bund fetus, intraperitoneal transfusion probably cannot 
work. Therefore, several aspects of the newer intra- 
vascular procedure suggest advantages over the intra- 


‘peritoneal procedure. 


This study was designed to address the comparison 
between intraperitoneal fetal transfusion and intravas- 
cular fetal transfusion in fetuses that require intra- 
uterine therapy for severe alloimmune disease. At our 
institution, early experience with intravascular fetal 
transfusion in severely ill fetuses has been such that a 
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Table I. Ultrasonographic classification of 
alloimmune disease 











Ultrasonographic appearance Abnormal 
BPS 
T ci 


+ 
+ 


A OF ND 
++4+4 
+++ 
++ 
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BPS, Biophysical profile score. 


randomized trial excluding fetal vascular access may 
not be appropriate. A true prospective intravascular 
fetal transfusion versus intraperitoneal fetal transfu- 
sion trial is precluded, in our situation. On the other 
hand, our experience with intraperitoneal fetal trans- 
fusion (up to June 1986) allows us an appropriate base 
from which to provide closely matched fetuses treated 
with intraperitoneal fetal transfusion to compare with 
the current intravascular fetal transfusion group. This 
article details the results of a matched-case comparison 
of intraperitoneal transfusion and intravascular trans- 
fusion in fetuses with severe alloimmune disease. 


Material and methods 


Between June 1980 and May 1986, 75 fetuses un- 
derwent intraperitoneal fetal transfusion in manage- 
ment of serious alloimmune disease. A total of 202 
ultrasonography guided intraperitoneal fetal transfu- 
sion procedures were performed in accordance with 
previously reported indications and conditions.’ Pro- 
cedures before 1980 were not primarily ultrasonog- 
raphy guided and were not included in the matching 
pool. Timing of intraperitoneal fetal transfusion pro- 
cedures was on the basis of standard criteria in patient 
history, amniotic fluid analysis, and fetal ultrasono- 
graphic examination. Procedures were repeated in ac- 
cordance with standard timetable—second transfusion 
after 7 to 10 days, subsequent repeats at 28-day inter- 
vals. This schedule was shortened in accordance with 
ultrasonographic evaluation of fetal well-being.’ Data 
were collected prospectively at the time the fetuses were 
managed. This population has been reported previ- 
ously in several respects.” ”* 

The intraperitoneal fetal transfusion group formed 
the pool from which case comparisons were drawn for 
the 44 patients managed with intravascular fetal trans- 
fusion since May 1986. The latter group had an iden- 
tical, prospectively collected data base. The method 
of ultrasonography-directed intravascular transfusion 
used for all 44 patients is similar to the procedure used 
by others.** One technical factor may differ from other 
methods in the transfused blood: we use relatively high 
volumes (40% to 50% of estimated fetal blood volume) 
of very densely packed donor blood (hematocrit, 88% 
to 92%; hemoglobin, 270 to 300 gm/L), aiming for a 
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Table II. Characteristics of matched groups 
(44 intraperitoneal fetal transfusion— 
intravascular fetal transfusion pairs, N = 88) 


Criterion Matched pairs 


Disease severity Total 44/44 
Class 1 23/23 
Class 2 8/8 
Class 3 7/7 
Class 4 6/6 

Placental site Total 40/44 
Anterior 18/20 
Posterior 22/24 
Anterior/Posterior* 4 pairs 


Gestational age} 
Within 14 days 
Within 21 days 


34 pairs (77%) 
38 pairs (86%) 


*Two pairs in class 2 intravascular fetal transfusion—ante- 
rior/intraperitoneal fetal transfusion—posterior and two pairs 
in class 4 intravascular fetal transfusion—posterior/intraperi- 
toneal fetal transfusion—anterior. 


{Mean gestational ages at first transfusion: intravascular 
fetal transfusion group 26.4 weeks, SD 3.9 weeks; intraperi- 
toneal fetal transfusion group 26.5 weeks, SD 2.7 weeks, 
p = 0.91, Student ¢ test. 


fetal hemoglobin concentration of 2180 gm/L after 
transfusion. This combination may deliver a larger red 
cell mass per transfusion than given in other studies. 
Three of four team members were constant through- 
out the period from 1981 to the present, and one 
(J. M. B.) participated in >95% of all procedures. 

Matching was “blinded” to patient identifiers, phy- 
sician identifiers, and outcome. The computerized 
match was hierarchic, done sequentially on three pa- 
rameters: severity of disease, placental site, and ges- 
tation. Severity of disease was denoted by the ultrason- 
ographic classification of alloimmune disease, which as- 
signs a class of 1 to 4 in increasing severity from 
moderately affected to moribund hydrops fetalis (Ta- 
ble 1).'° Placental site was classified as anterior (trans- 
placental procedures necessary) or posterior (proce- 
dure performed without traversing the placenta). Ges- 
tation was specified in exact days in accordance with 
the obstetrically operative dating certified by ultraso- 
nography. 

The intraperitoneal fetal transfusion and intravas- 
cular fetal transfusion populations (44 matched pairs, 
88 total patients) were compared statistically, subject to 
quality of the match. The primary statistical methods 
used were x? analysis of distribution of paired data 
(McNemar’s test) for binary data and paired Student ¢ 
test for continuous variables. In cases in which com- 
parison was between intravascular fetal transfusion 
and intraperitoneal fetal transfusion group data, stan- 
dard Student ¢ test, x’, and analysis of variance were 
used. 


Results 


Quality of matching. Each patient in the intravas- 
cular fetal transfusion group was matched with a pa- 
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Table III. Comparison of technical factors 





Gestation (wk) at first 

Total procedures 

Attempts 

Attempts per successful fetal transfusion 
Failed procedure 

Procedural complication 

Traumatic death 


*See text for definitions. 


fetal transfusion 
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Intravascular 
fetal transfusion 







Intraperitoneal 





n p Valuet 
26.5 2.7 26.4 3.9 NS 
2.4 1 3.9 1.9 0.029 
4.5 3.3 4.9 2.1 NS 
1.8 0.9 1.2 0.3 0.016 
12 of 104 14 of 173 NS 
39 of 104 17 of 173 0.0035 
8 of 44 1 of 44 <0.001 


tPaired Student ¢ test for continuous variables; McNemar’s x? test for binary data. 


Table IV. Course of therapy 






Interval* 


Treatment duration 
From first to second fetal transfusion 
From last fetal transfusion to delivery 
Mean interval per fetal transfusion 
Completed planned course of treatment 


*See text for definitions, all intervals in days. 


Intraperitoneal Intravascular fetal 
fetal transfusion transfusion 





34.4 26.4 53.2 32.7 <0.001 
8.4 2.1 5.2 4.0 0.035 
12.5 11.6 16.3 9.2 NS 
12.7 8.2 13.5 5.9 ; NS 
17 of 44 37 of 44 <0.0001 
(38.6%) (84%) 


tPaired Student ¢ test for continuous variables; McNemar’s x’ test for binary data. 


tient in the intraperitoneal fetal transfusion group with 
an identical disease severity at the time of first trans- 
fusion (n = 44 pairs). The distribution is shown in 
Table IJ. In all class 1 disease (n = 23) and all class 3 
disease (n = 7), exact matching also was attained for 
placental site. In class 2 disease, there was an insuffi- 
cient number of patients in the intraperitoneal fetal 
transfusion group to allow complete matching for pla- 
cental site. Six of eight were completely matched, 
whereas two intravascular fetal transfusion fetuses with 
anterior placentas were paired with intraperitoneal fe- 
tal transfusion fetuses with posterior placentas. In 
class 4, four of six pairs were completely matched; in 
the others, intravascular fetal transfusion—posterior 
and intraperitoneal fetal transfusion—anterior pairing 
was forced. Thus 40/44 pairs were matched for pla- 
cental site overall. The third stage in the matching pro- 
cess used computer-assisted matching of gestational 
age, to select the pairing that minimized intergroup var- 
iance (Table II). This enabled matching within 14 days 
(gestational age at first transfusion) in 34 of the 44 pairs 
and within 21 days in 38 of the 44 pairs. Where ab- 
solutely equivalent matching was obtained with more 
than one intraperitoneal fetal transfusion patient, the 
most recently managed case was selected. This mini- 
mized use of older cases so that 30 of 44 intraperitoneal 
fetal transfusion controls had their procedure in 1984 


to 1986. The intraperitoneal fetal transfusion and in- 
travascular fetal transfusion populations included three 
women who appeared in both procedure groups; one 
of these was matched identically with herself (class 2 
disease, gestational age 28 weeks | day at first intra- 
peritoneal fetal transfusion and at first intravascular 
fetal transfusion three years later, both with anterior 


- placenta). 


No patient was unmatched for both placental site and 
>21 days difference in gestational age. Thirty-three 
(75%) of 44 pairs were completely matched for all cri- 
teria (identical disease stage and placental site, gesta- 
tional age + 13 days). With this degree of conformity, 
the statistical comparison of the matching criteria for 
the intraperitoneal fetal transfusion and intravascular 
fetal transfusion pairs approached unity (Table II). It 
was concluded that the quality of the matching allowed 
statistical methods for paired data to be applied with 
confidence. 

Intraperitoneal fetal transfusion versus intravas- 
cular fetal transfusion. Procedural comparisons are il- 
lustrated in Table III. The 44 intraperitoneal fetal 
transfusion fetuses had 104 procedures (2.4 per fetus); 
the 44 intravascular fetal transfusion fetuses had 174 
procedures (3.9 per fetus) (p = 0.029). The total num- 
ber of abdominal punctures (attempts) did not differ 
between procedures over the total course of treatment. 
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Table V. Delivery and newborn data 





Intraperitoneal fetal 
transfusion 
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Intravascular fetal 
transfusion 





Gestation at delivery (wk) 30.7 5.5 34.1 3.7 0.011 
Vaginal delivery (live births) 17/34 (50%) 34/41 (83%) <0.05 
Hemoglobin at delivery (gm/L) 107 36 117 25 NS 
Apgar score <7 at 5 minutes 13/34 (38%) 6/42 (14%) <0.02 
Exchange transfusions 1.8 2.0 0.8 1.2 0.007 
Days in ICN 8.2 16.2 6.1 13.9 0.044 


ICN, Intensive Care Nursery. 
*See text for definitions. 





{Paired Student ¢ test for continuous variables; McNemar’s x’ test for binary data. 


Intravascular fetal transfusion was more often success- 
ful on the first attempt and required fewer attempts 
per successful transfusion (mean difference between 
pairs was 0.543 attempts per intravascular fetal trans- 
fusion, p = 0.016 by paired Student ż test). 

The procedure failed completely an equivalent num- 
ber of times with each method, although procedural 
failures were associated with traumatic fetal-neonatal 
death in 6/12 failed intraperitoneal fetal transfusions, 
as opposed to one death among 14 failed intravascular 
fetal transfusions. Procedural complications included 
fetal bradycardia or catheter-needle dislodgement that 
resulted in premature termination of the transfusion, 
maternal hypotension that caused discontinuance, se- 
vere fetal bradycardia that led to immediate emergency 
cesarean section, cord hematoma, exsanguinating hem- 
orrhage, and miscellaneous factors. A total of 39 in- 
traperitoneal procedures and 17 intravascular proce- 
dures (33.6% and 9% of all attempts, respectively), were 
complicated in one or more ways, a significant dif- 
ference. 

For the intravascular fetal transfusion group, intra- 
uterine treatment was carried out over a longer period 
(range, 0 to 114 days; mean, 53.2; SD, 32.7 days) than 
for the intraperitoneal fetal transfusion group (range, 
0 to 79 days; mean, 34.4; SD, 26.4 days; paired Student 
t test, p < 0.001) (Table IV). According to the intra- 
peritoneal fetal transfusion protocol, the second trans- 
fusion was performed 7 to 10 days after the first in the 
majority of cases, whereas intravascular fetal transfu- 
sion was usually scheduled earlier. Mean difference be- 
tween pairs in the interval from first to second intra- 
vascular fetal transfusion was 2.0 days, SD, 6.0 days, 
p = 0.035. Also in accordance with intraperitoneal fetal 
transfusion protocol, the interval between last intra- 
peritoneal fetal transfusion and delivery was set at 21 
to 28 days. This set-point was not achieved in 12 of the 


29 fetuses that completed the necessary intraperitoneal ` 


fetal transfusion procedures because of premature rup- 
ture of membranes (seven cases), premature labor 
alone (three cases), or fetal deterioration that required 


emergency intervention (two cases). In three fetuses 
treated with intravascular fetal transfusion (one pre- 
mature labor, one premature rupture of membranes, 
one compromised intrauterine growth retardation) de- 
livery occurred before the planned date. 

Completion of the planned course of therapy com- 
prised those who were delivered within 7 days of the | 
target date and had a full course of successful proce- 
dures. With exclusion of the above incomplete courses 
that yielded live born infants, and excluding treatment 
courses that resulted in fetal or neonatal deaths, the 
planned course of treatment was completed by 17 in- 
traperitoneal fetal transfusion fetuses (38.6%) and 37 
intravascular fetal transfusion fetuses (84%). 

Paired analysis of delivery and neonatal data is dis- 
played in Table V. When intravascular transfusion was 
used, delivery was an average of 4.2 weeks later in 
gestation (p = 0.011). In 34 of 4] live births after in- 
travascular fetal transfusion, vaginal delivery was 
achieved (31 induced labors) compared with 17 vaginal 
deliveries in the 34 live births after intraperitoneal fetal 
transfusion (13 induced labors). Three of seven cesar- 
ean sections in the intravascular fetal transfusion group 
were emergent, related to complications of therapy (se- 
vere bradycardia, cord hematoma, premature rupture 
of membranes, cord presentation). In the intraperito- 
neal fetal transfusion group, immédiate emergency ce- 
sarean section followed treatment-related complica- 
tions in seven cases. 

Condition at birth was better in the intravascular fetal 
transfusion group with fewer 5-minute Apgar scores 
<7, fewer admissions to intensive care nurseries, and 
fewer days in intensive care nurseries when admitted, 
The difference in birth hemoglobin (107 gm/L, SD 36 
gm/L with intraperitoneal fetal transfusion; versus 117 
gm/L, SD 25 gm/L with intravascular fetal transfusion) 
was not significant, but the intraperitoneal fetal trans- 
fusion group required exchange transfusion 85% of 
the time (29 of 34 live born) versus 29% (12/42) in the 
intravascular fetal transfusion group. When required, 
more exchanges were done in the intraperitoneal fetal 
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transfusion group. Simple (“top up”) transfusions, or 
those done beyond 7 days after birth, are not included 
in this comparison. Four neonates in the intraperitoneal 
fetal transfusion group (none in .the’ intravascular 
fetal transfusion group) had birth hemoglobins >170 
gm/L. Two of these were Rh-negative. The other two 
had high concentrations of fetal blood remaining. 

Survival differed between procedures (Table VI). In 
all classes of disease, intravascular fetal transfusion was 
associated with higher survival, and this was statisti- 
cally validated in the overall population (p < 0.005, 
McNemar’s test) and in the hydropic classes of disease 
(p < 0.01). Survival according to disease class was 
as follows: class 1 (nonhydropic), intraperitoneal fe- 
tal transfusion 19/23, intravascular fetal transfusion 
22/23; class 2 (moderate hydrops), intraperitoneal fetal 
transfusion 6/8, intravascular fetal transfusion 8/8; 
class 3 (severe hydrops), intraperitoneal fetal transfu- 
sion 4/7, intravascular fetal transfusion 5/7; and class 
4 (moribund hydrops), intraperitoneal fetal transfusion 
0/6, intravascular fetal transfusion 5/6. In nonhy- 
dropic disease there were four deaths in the intra- 
peritoneal fetal transfusion group—three stillbirths as 
a result of intraperitoneal fetal transfusion trauma and 
one neonatal death because of prematurity after trau- 
matic intraperitoneal fetal transfusion and “crash” ce- 
sarean section. One fetus in-the nonhydropic intravas- 
cular fetal transfusion group died at 6 days of age of 
complications in the nursery not directly related to Rh 
disease. Among the 11 deaths in hydropic fetuses 
treated with intraperitoneal fetal transfusion, five were 
because of intraperitoneal fetal transfusion trauma su- 
perimposed on severe disease, four were a result of 
irreversible disease in utero, and the remainder died 
of multiple factors including prematurity and compli- 
cations in the intensive care nursery. In the intravas- 
cular fetal transfusion group, two hydropic fetuses 
were severely acidotic in utero (pH 6.95 and 6.90, re- 

` spectively) and could not be resuscitated, whereas one 
hydropic fetus died of intravascular fetal transfusion 
trauma in utero. 

Maternal complications were infrequent in associa- 
tion with either procedure. These included infection, 
preterm premature rupture of membranes, supine hy- 
potension, drug reactions, immediate emergency ce- 
sarean section as a result of procedural complications, 
and miscellaneous complications. When maternal com- 
plications are analyzed in an all-or-none format, intra- 
peritoneal fetal transfusion had a higher rate than that 
of intravascular fetal transfusion with maternal com- 
plications occurring at a rate of 12.5 per 100 intra- 
peritoneal procedures and 3 per 100 intravascular pro- 
cedures (p < 0.03). Individual complications were not 
compared statistically because of the small numbers. 

Long-term follow-up (>2 years) is available for all 
intraperitoneal fetal transfusion subjects but for only 


Intraperitoneal vs intravascular fetal transfusion 1057 


Table VI. Survival 








Intraperitoneal | Intravascular 






fetal fetal ; 
transfusion transfusion | p Value 
Nonhydrops 19/23 22/23 NS 
5 (83%) (96%) 
Hydrops 10/21 18/21 <0.01 
(48%) (86%) 
Deaths 15 4 
Stillbirth: 4 2 
disease 
Sullbirth: 6 1 
trauma 
Neonatal death: 0 ' 0 
disease 
Neonatal death: 2 0 
trauma 
Neonatal death: 3 1 
ICN compli- 
cation z 
TOTAL 29/44 40/44 <0.005 
(66%) (91%) 


ICN, Intensive Care Nursery. 


three intravascular fetal transfusion patients. These 
data were not compared. 


Comment 

Historical comparisons present some advantages and 
many difficulties. Every effort was made to achieve 
comparable populations. However, there is no doubt 
that they differ in some significant aspects. Intraperi- 
toneal fetal transfusion cases from as early as 1981 were 
used in intraperitoneal fetal transfusion—intravascular 
fetal transfusion pairs. Whereas the intraperitoneal fe- 
tal transfusion technique per se did not change, ultra- 
sonographic visualization has progressed dramatically 
in the past 5 years. Bias may have been, introduced 
favoring intravascular fetal transfusion. On the other 
hand, over two thirds of the intraperitoneal fetal trans- 
fusion group came from the past 3 years when intra- 
peritoneal fetal transfusion was used exclusively, which 
minimized that bias. Second, neonatal care has also con- 
tinued to improve, but this did not affect the results 
very much—most intravascular fetal transfusion sur- 
vivors were in excellent condition and did not require 
supreme efforts in the neonatal nursery, and thus 
would not have benefitted from contemporary neonatal 
advances. It is notable that whereas six fetuses died in 
the nursery, none in either group died of hydropic 
disease in itself. Finally, the relatively constant com- 
position of the University of Manitoba Intrauterine 
Transfusion Team over the years studied likely neu- 
tralized personnel impact. 

These reservations about historical control groups 
aside, the match appears to be excellent. Class of disease 
was assigned on the basis of uniformly applied ultra- 
sonographic criteria’ that did not change from the in- 
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traperitoneal fetal transfusion era to the present. Al- 
most all pregnancies were matched for placental local- 
ization, and there was no significant difference between 
the gestational ages of the two groups. We are con- 
vinced that the comparison between procedures used 
in these two groups of patients is applied to populations 
that were virtually the same before the procedures were 
begun. 

The comparative statistics speak for themselves. In- 
travascular fetal transfusion outperformed intraperi- 
toneal transfusion in most aspects of comparison. This 
comparison shows the efficacy of intravascular fetal 
transfusion—fewer attempts, fewer failures, fewer 


consequences of failure, and a sharp reduction in trau-. 


matic death. ‘Although more total transfusions were 
required with intravascular fetal transfusion, these 
were associated with significant prolongation of ges- 
tational age. 

The connection between safety of the procedure and 
the longer gestations reached is not accidental. Greater 
safety means that intravascular fetal transfusion is used 
with confidence at gestations (>33 weeks) when intra- 
peritoneal fetal transfusion would be avoided, choosing 
premature delivery instead. This difference in protocol 
does contribute to the broad differences in outcome, 
but can be corrected for by measurement of each pro- 
cedure against its ideal application. Successful comple- 
tion of the planned program of intrauterine treatment 
occurred more than twice as often with intravascular 
fetal transfusion, as compared with intraperitoneal fetal 
transfusion. i 

Not only was survival significantly higher, the quality 
of the survivors was better in intravascular fetal trans- 
fusion patients. The limited duration for which we have 
adequate pediatric follow-up in the intravascular fetal 
transfusion group does not allow direct comparison. 
Nevertheless, the combination of greater maturity at 
gestation, improved neonatal condition, fewer trans- 
fusions as neonates, less time on ventilators and in in- 
tensive care units, and fewer mothers with cesarean 
section or other complications that interfere with bond- 
ing, surely means that long-term follow-up will also 
favor intravascular fetal transfusion. 

We conclude that for all levels of fetal disease, even 
nonhydropic alloimmune disease, intravascular fetal 
transfusion is the procedure of choice. From the com- 
parison within class 4 fetuses, it is clear that intravas- 
cular fetal transfusion is the only procedure capable of 
treating these most severely affected fetuses. On the 
basis of the hematologic, respiratory—acid-base, and 
biochemica] data and the positive comparisons, the in- 
travascular approach offers clear benefits for the other 
classes of hydropic disease. For nonhydropic disease, 
the comparison may be less convincing. With the ac- 
knowledgement that the only nonhydropic death in the 
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intravascular fetal transfusion group was a result of 
neonatal events not directly related to alloimmune dis- 
ease, failure to achieve statistical significance does not 
obscure the clinical significance. To be precise, in 16 
intravascular fetal transfusion—intraperitoneal fetal 
transfusion pairs with class | disease and anterior pla- 
centas, there were no deaths in the intravascular fetal 
transfusion group and four deaths because of trauma 


‘in the intraperitoneal fetal transfusion group. Tra- 


versing the placenta to perform intraperitoneal fetal 
transfusion, even in nonhydropic disease, is absolutely 
contraindicated. , 
These conclusions do not exclude the use of intra- 
peritoneal fetal transfusion. On eight occasions during 
the course of treatment in the past 2 years we used 
intraperitoneal.transfusion on an elective basis. In these 
situations, at 31 to 33 weeks’ gestation, fetal size and 
fetal position, combined with a posterior cord insertion, 
meant that neither end of the umbilical cord was avail- 
able for intravascular fetal transfusion. In these cir- 


. cumstances, intraperitoneal transfusion was performed 


by the technique we have used since 1964, and was 
successful without problém. However, in all cases fetal 
blood type and extent of anemia had been determined 


. by cordocentesis and all prior transfusions had been 


done using intravascular fetal transfusion. 

Access to the fetal circulation is essential to avoid 
the potentially lethal mistake of transfusing the Rh- 
negative fetus or the nonanemic Rh-positive fetus. In 
our intravascular fetal transfusion experience, cordo- 
centesis is used in all nonhydropic disease before trans- 
fusion. Fetal blood typing has avoided unnecessary 
treatment of many antigen-negative fetuses in the past 
3 years. More importantly, in eight fetuses that even- 
tually required serial treatment, cordocentesis has al- 
lowed the safe deferral of actual intravascular fetal 
transfusion by a total of 86 days. Thus whereas we do 
not hesitate to use intraperitoneal fetal transfusion in 
those select clinical circumstances, it is virtually always 
with the intravascular fetal transfusion—derived data 
in hand and definitely as a backup procedure. 

Other centers have recently reported their success 
with intraperitoneal transfusion and many have begun 
to use intraperitoneal fetal transfusion in a modified 
form. In those studies the standard Tuohy needle in- 
sertion, followed by threading a modified epidural 
catheter into the peritoneal cavity, then removal of 
the needle and infusion of the transfusion through 
the catheter into the intraperitoneal space has been 
changed. Simple needle insertion with rapid infusion 
of the transfusion mass into the intraperitoneal cavity 
through the needle has proved useful." ? 

Not only is intraperitoneal fetal transfusion a useful 
backup procedure, it may have benefits when used as 
part of a primary approach for all fetuses. At least one 
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published study has documented the benefits of com- 
bining intravascular fetal transfusion and intraperito- 
neal fetal. transfusion in a double-transfusion proce- 
dure." Theoretically, this approach administers the im- 
mediate, sometimes lifesaving, intravascular 
transfusion first then the larger-volume intraperitoneal 
transfusion, which is absorbed more gradually. The 
gradual absorption of the intraperitoneal fetal trans- 
fusion mass may allow longer intervals between trans- 
fusion. However, in our experience relatively large vol- 
umes can be given at intravascular fetal transfusion 
without untoward effect, allowing an interval that is 
just as long as that between intraperitoneal fetal trans- 
fusions on average. However, we have not evaluated 
the routine combination of intravascular fetal trans- 
fusion with intraperitoneal fetal transfusion. One 
group with a very large experience (>200 intravascular 
fetal transfusions) has done this evaluation, having 
started with coupled intravascular fetal transfusion— 
intraperitoneal fetal transfusion procedures in all fe- 
tuses. They now have converted to a purely intravas- 
cular approach." Our data support such a conversion. 

We believe the comparison to be valid and conclusive. 
The data confirm the initial promise of the intravas- 
cular approach and justify its widespread application. 


REFERENCES 


1. Liley AW. Intrauterine transfusion of foetus in haemolytic 
disease. Br Med J 1963;2:1107-9. 
2. Harman CR, Manning FA, Bowman JM, Lange IR. Severe 


13. 


Intraperitoneal vs intravascular fetal transfusion 1059 


Rh disease— poor outcome is not inevitable. AM J OBSTET 
GYNECOL 1983; 145:823-9. 


. Ch de Crespigny L, Robinson HP, Quinn M, Doyle L, 


Ross A, Cauchi M. Ultrasound-guided fetal blood trans- 
fusion for severe rhesus isoimmunization. Obstet Gynecol 
1985;66:529. 


. Nicolaides KH, Soothill PW, Clewell W, Rodeck CH, 


Campbell S. Rh disease: intravascular fetal blood trans- 
fusion by cordocentesis. Fetal Therapy 1986;1:185. 


. Harman CR, Manning FA, Bowman JM, Lange IR, Men- 


ticoglou SM. Use of intravascular transfusion to treat hy- 
drops fetalis in a moribund fetus. Can Med Assoc J 
1988; 138:827-30. 


. Menticoglou SM, Harman CR, Manning FA, Bowman FM. 


Intraperitoneal fetal transfusion: paralysis inhibits red cell 
absorption. Fetal Therapy 1987;2:154-9. 


. Harman CR. Specialized applications of obstetric ultra- 


sound: management of the alloimmunized pregnancy. 
Semin Perinat 1985;9:814. 


. Harman CR, Bowman JM. Intraperitoneal fetal transfu- 


sion. In: Chervenak F, Isaacson G, Campbell S, eds. 
Textbook of ultrasound in obstetrics and gynecology. 
New York: Little Brown & Co., 1990. 


. Berkowitz RL, Chitkara U, Goldberg JD, et al. Intrauter- 


ine intravascular transfusions for severe red blood cell 
isoimmunization: ultrasound-guided percutaneous ap- 
proach. AM J OBSTET GYNECOL 1986;155:574-81. 


. Harman CR. Fetal monitoring in the alloimmunized preg- 


nancy. Clin Perinatol 1989;16:691-733. 


. Watts DH, Lathy DA, Benedetti TJ, Cyr DA, Easterling 


TR, Hickok D. Intraperitoneal fetal transfusion under 
direct ultrasound guidance. Obstet Gynecol 1988;71:84. 


. Moise KJ, Carpenter RJ Jr, Kirshon B, et al. Comparison 


of four types of intrauterine transfusion techniques for 
the treatment of red cell alloimmunization. Obstet 
Gynecol 1990 [In press]. 

Poissonnier M-H, Brossard Y, Demedeiros N, et al. Two 
hundred intrauterine exchange transfusions in severe 
blood incompatibilities. AM J OBSTET GYNECOL 1989;161: 
709-13. 


Flow velocity waveforms of the vascular system in the anemic 
fetus before and after intravascular transfusion for severe red 


blood cell allotimmunization 
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Brian Kirshon, MD, Theodor Stefos, MD, and Robert J. Carpenter, Jr., MD 


Houston, Texas 


Sixteen intravascular transfusions were performed in 16 anemic human fetuses. To investigate the status 
of the vascular system with Doppler ultrasonography before and after correction of anemia, pulsatility index 
values were obtained for the flow velocity waveforms of the middie cerebral artery, internal carotid artery, 
anterior cerebral artery, thoracic aorta, abdominal aorta, renal artery, femoral artery, and umbilical artery 
before and the day after the correction of anemia. The fetuses were divided into two groups: (1) fetuses 
with a hematocrit level between 2 and 4 SDs below the normal mean value for gestational age and (2) 
fetuses with a hematocrit value <4 SDs below the normal mean value for gestational age. No significant 
differences were observed in the pulsatility index values of the vessels studied before and after correction 
of anemia in both groups of fetuses. These data suggest that the pulsatility index cannot be used as an 
indicator of fetal anemia at the hematocrit values studied. (AM J OssteT GYNECOL 1990;162:1060-4.) 


Key words: Doppler, red blood cell alloimmunization, intravascular transfusion, pulsatility 


index 


There are few data regarding the effects of anemia 
on the human fetal circulation. Rightmire et al.' re- 
ported their Doppler ultrasonographic results in the 
aorta, inferior vena cava, and umbilical vein of fetuses 
from isoimmunized pregnancies. They presented a 
model that predicted the fetal hematocrit level with a 
mean error of 3.8%. Copel et al.? reported their ex- 
perience with Doppler evaluation of the descending 
aorta and umbilical artery in anemic fetuses. These 
authors failed to note any change in Doppler param- 
eters of the vessels studied the day after transfusion 
when they were compared with values obtained before 
transfusion. They concluded that the lack of change 
suggests that these vessels will not provide significant 
information concerning the effect of rapid volume and 
hematocrit alterations in the fetus. Recently Weiner and 
Anderson* reported that both diagnostic cordocentesis 
and intravascular transfusion acutely lowered the sys- 
tolic peak velocity/end-diastolic velocity ratio and the 
pulsatility and resistance indices of the umbilical artery. 
To assess further the effect of anemia and its correction 
on the cardiovascular system, we studied eight fetal 
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vessels with pulsed Doppler ultrasound to determine 
whether fetuses with anemia have different flow veloc- 
ity waveforms that might prove useful in detecting ane- 
mia noninvasively. 


Material and methods 


Sixteen intravascular transfusions were performed in 
16 fetuses, anemic because of red blood cell alloim- 
munization. This was the first transfusion for these fe- 
tuses. The fetuses were divided into two groups: (1) 
fetuses with a hematocrit level between 2 and 4 SDs 
below the normal mean value reported for gestational 
age’ and (2) fetuses with hematocrit levels 4 SDs below 
normal mean values for gestational age. In the first 
group there were eight fetuses. The gestational age was 
between 22 and 29 weeks (mean + SD, 25.4 + 2.7 
weeks): Fetal hematocrit levels before transfusion 
ranged from 25% to 31% (27.6% + 2.8%), whereas 
hematocrit levels after transfusion were between 35% 
and 43% (38.1% + 2.9%). The net blood volume trans- 
fused (volume infused minus volume removed) ranged 
between 10 and 27 ml (15 + 6 ml). In the second group 
there were eight fetuses. Gestational age ranged be- 
tween 21 and 29 weeks (24.5 + 2.5 weeks). Fetal he- 
matocrit levels before transfusion were between 11% 
and 24% (18.7% + 4.8%), and after transfusion they 
were 25% to 39% (33.7% + 4.8%). The net blood vol- 
ume infused was between 7.5 and 47 ml (20.6 + 14 
ml). 

Image-directed pulsed Doppler ultrasonography was 
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Fig. 1. Flow velocity waveforms obtained at bifurcation of common iliac artery into external iliac 
artery (large arrow) and internal iliac artery (small arrows). The values are in centimeters per second. 


used to obtain maximum fetal blood velocity waveforms 
of the middle cerebral artery, internal carotid artery, 
anterior cerebral artery, thoracic aorta, abdominal 
aorta, renal artery, femoral artery, and umbilical artery. 
Flow velocity waveforms of these vessels were recorded 
before and the day after transfusion. 

Doppler ultrasonographic studies were carried out 
with a General Electric PASS II dynamic image scanner 
(General Electric Co., Milwaukee, Wis.). A 2.5 MHz 
transducer was employed with a 2 mm sample vol- 
ume. A 50 Hz pass filter was used. Doppler ultra- 
sonographic energy was 114 mW/cm? spatial-peak 
temporal-average intensity. The fetuses were examined 
with the mothers in a semirecumbent position. Doppler 
examination of the middle cerebral artery, internal ca- 
rotid artery, and anterior cerebral artery were per- 
formed as reported previously.? The umbilical artery 
was located in the amniotic fluid, and blood velocity 


waveforms were obtained for both the artery and vein ` 


in proximity to the abdominal insertion of the cord. 
The thoracic aorta was studied at the level of the dia- 
phragm, whereas the abdominal aorta was studied dis- 
tal to the origin of the renal artery, 1 to 2 cm proximal 
to the bifurcation.’ Doppler examination of the renal 
artery was performed in the following manner: a sag- 
ittal section of the fetal body was visualized; the ultra- 
sound beam was directed lateral to the spine, obtaining 
a coronal section of the fetal body. By moving the trans- 
ducer anteriorly, a coronal section. of the descending 
aorta and kidneys was imaged. Because the renal artery 
could not be visualized clearly, the sample volume was 
positioned in the renal hilum and was then moved to- 
ward the aorta, enabling pulsed Doppler waveforms to 
be recorded at different points along the renal vessels. 
Doppler waveforms of the artery and vein were de- 
tected simultaneously and displayed on either side of 
the baseline. The waveforms obtained on the main 
trunk of the renal artery near the aorta were used for 
the analysis. Doppler examination of the femoral artery 


was performed in the following manner: after imaging 


‘a longitudinal section of the thigh, the sample volume 


was positioned on the femoral artery in the upper third 
of the thigh and Doppler waveforms of the femoral 
artery and vein were displayed on either side of the 
baseline. When the femoral artery could not be visu- 


alized clearly, the sample volume was positioned inside 


the pelvis, posterolaterally to the bladder, where two 
different waveforms could be recorded at the same time 
(Fig. 1). This point corresponded at the bifurcation of 


‘the common iliac artery in internal and external iliac 


arteries, as has been determined by following the com- 
‘mon iliac artery to this point. The external iliac artery 
had the characteristics of the femoral artery, whereas 
the internal iliac artery had the characteristics of the 
umbilical artery. From the point at which the two wave- 
forms were imaged, the sample volume was moved to- 
ward the thigh, enabling the signal to be recorded at 
different levels along the external iliac artery until it 
left the pelvis becoming the common femoral artery. 
The waveforms obtained outside the pelvis were used 
in our analysis. In 10 normal fetuses, two-dimensional 
directed pulsed Doppler waveforms (Acuson 128; Acu- 


‘son Co., Mountain View, Calif.) were compared with 


pulsed Doppler waveforms with color-flow Doppler im- 
aging (Acuson 128). Before the femoral artery was in- 
terrogated with pulsed Doppler ultrasound, succes- 
sively the color-Aow mapping was used to confirm that 
the sample volume had been positioned on the femoral 
artery. l 

All the examinations were performed by the same 
operator (G. M.). The intraobserver errors (coefficients 
of variation) for the pulsatility index of the arteries 
studied were determined by examining six normal fe- 
tuses; 10 measurements were taken from each fetus 
during a l-hour period. The intraobserver error was 
4.2% for the umbilical artery, 5.6% for the middle ce- 
rebral artery, 6.0% for the anterior cerebral artery, 10% 
for the internal carotid artery, 6.1% for the abdominal 
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Table I. Pulsatility index values of fetuses in group A (hematocrit levels 2 to 4 SDs below normal mean 
value for gestational age) 











Pulsatility index (mean + SD) - 


Before Day after 
transfusion transfusion 





Umbilical artery 7 1.21 + 0.20 1.19 + 0.20 NS 
Middle cerebral artery 8 1.84 + 0.27 1.86 + 0.25 NS 
Internal carotid artery 5 1.64 + 0.22 1.61 + 0.18 NS 
Anterior cerebral artery 5 1.77 + 0.18 1.74 + 0.14 NS 
Thoracic aorta 5 1.94 + 0.52 2.08 + 0.31 NS 
Abdominal aorta 5 1.26 + 0.15 1.39 + 0.17 NS 
Renal artery 7 2.80 + 0.34 2.72 + 0.33 NS 
Femoral artery 5 3.12 + 0.24 3.08 + 0.22 NS 








*Not all of the vessels were obtained in all of the fetuses because this study started in 1987; the protocol at that time did not 
include all of the vessels we report here. 
}Pulsatility index values obtained before and after transfusion were compared by paired t test {p > 0.05). 


Table II. Pulsatility index values for fetuses in group B (hematocrit values <4 SDs below normal mean 
value for gestational age) 








Pulsatality index (mean + SD) 






Umbilical artery 8 6 + 0.26 1.10 + 0.30 NS 
Middle cerebral artery 8 2+ 0.41 2.23 + 0.54 NS 
Internal carotid artery 5 6 + 0.36 1.74 + 0.23 NS 
Anterior cerebral artery 5 4 + 0.38 1.81 + 0.23 NS 
Thoracic aorta 5 + 0.35 1.81 + 0.37 NS 
Abdominal aorta 5 + 0.37 1.51 + 0.42 NS 
Renal artery 7 + 0.47 3.05 + 0.54 NS 
Femoral artery 5 + 0.34 3.56 + 0.36 NS 


*Pulsatility index values obtained before and after transfusion were compared by paired ¢ test. 


aorta, 8.2% for the thoracic aorta, 6.7% for the renal 
artery, and 7.7% for the femoral artery. 

The Doppler velocity waveforms from all ves- 
sels were recorded on videotape and the pulsatility 
index values (peak velocity minus lowest diastolic 
velocity/mean velocity)’ for the various arteries were 
calculated with three waveforms. Measurements were 
obtained when clear waveforms could be analyzed and 
during fetal apnea as defined by the absence of visible 
changes in the waveform patterns for at least 15 wave- 
forms. 

A paired ¢ test was used for statistical analysis. A p 
value <0.05 was considered to indicate statistical sig- 
nificance. 


Results 

Tables I and II show the results of our analysis; no 
significant difference in the pulsatility index values 
. could be observed for any of the vessels in the eight 
fetuses of group A (Table I) and in the eight fetuses 
of group B (Table IJ). Therefore we considered a third 
group with all of the values (Table HI); no significant 
difference was observed. 


No ditference was observed in the fetal heart rate 
before and the day after transfusion for the fetuses of 
group A (144 + 7 beats/min vs. 145 + 10 beats/min) 
and the fetuses of group B (145 + 10 beats/min vs. 
145 + 10 beats/min). 

In the fetuses studied with pulsed Doppler and color- 
flow mapping, in each case the sample volume was 
found over the femoral artery in the color image after 
the femoral artery was obtained with pulsed Doppler 
ultrasonography. 


Comment 


Assessment of the cardiovascular system of anemic 
fetuses with Doppler ultrasonography requires selec- 
tion of an appropriate parameter to characterize the 
flow velocity waveforms obtained. The three main in- 
dices in current use are: (1) the pulsatility index (peak 
systolic velocity minus lowest diastolic velocity/mean 
velocity)’; (2) the resistance index (peak systolic velocity 
minus end-diastolic velocity/ peak systolic velocity’; and 
(3) the A/B ratio (peak systolic velocity/end-diastolic 
velocity).? Thompson et al. have reported that the re- 
sistance index of the umbilical artery is distributed nor- 
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Table III. Pulsatility index values of entire study population 





Pulsatility index (mean + SD) 





Vessel* 
Umbilical artery 15 
Middle cerebral artery 16 
Internal carotid artery 10 
Anterior cerebral artery 10 
Thoracic aorta 10 
Abdominal aorta 10 
Renal artery 14 
Femoral artery 12 





Before Day after 
transfusion ; transfusion p Valuet 
1.18 + 0.23 1.14 + 0.25 NS 
2.03 + 0.39 2.05 + 0.45 NS 
1.75 + 0.31 1.68 + 0.21 NS 
1.85 + 0.30 1.77 + 0.18 NS 
2.00 + 0.42 1.94 + 0.35 NS 
1.38 + 0.29 1.45 + 0.31 NS 
2.87 + 0.40 2.88 + 0.46 NS 
3.25 + 0.31 3.32 + 0.38 NS 


*Not all of the vessels were obtained in all of the fetuses because this study started in 1987; the protocol at that time did not 


include all of the vessels we report here. 


+Pulsatility index values obtained before and after transfusion were compared by paired ¢ test. 


mally and the pulsatility index of the umbilical artery 
does not give any extra information about the umbilical 
artery waveform. They also stated that this conclusion 
may not hold for waveforms (e.g., fetal aorta) that are 
more variable in shape than the umbilical artery wave- 
form. Finally, they reported that the A/B ratio suffers 
from larger percentage errors than do the other two 
indices at the higher values typical of abnormal third- 
trimester or normal second-trimester fetuses. By study- 
ing the acute effects of cordocentesis (with or without 
fetal curarization) and intravascular transfusion on um- 
bilical artery waveform indices, Weiner and Anderson 
found that the A/B ratio was most sensitive to changes 
in fetal oxygenation when compared with the other two 
indices. The pulsatility index was the least responsive 
parameter assessed. Many physiologic and pathologic 
situations of the pregnancy are associated with absent 
end-diastolic flow or reverse flow in several fetal arteries 
(e.g., umbilical artery, descending aorta, renal ar- 
tery)! and femoral artery (unpublished data). In 
these circumstances the A/B ratio becomes infinite and 
the resistance index becomes 1. The pulsatility index, 
which requires the calculations of the mean velocity, is 
the only index that can quantify the waveforms in these 
cases. Therefore we have selected the pulsatility index 
to assess flow velocity waveforms in different vessels of 
the vascular system of the anemic fetus before and after 
correction of anemia. 

Different laboratories have described the change of 
hemoglobin concentration as a function of gestational 
age in normal fetuses.* '* 3 For our analysis we chose 
the values of Daffos and Forestier* because of the large 
number of fetuses (n = 561) sampled by these authors. 

We divided the fetuses into two groups because fe- 


tuses with different hematocrit values could respond: 


in different ways to the correction of the anemia. The 
pulsatility index of the vessels studied appears unal- 
tered the day after intravascular transfusion. Copel 
et al.? obtained similar results for the umbilical artery 
and thoracic aorta. It is possible that for lower values 


of hematocrit than we studied, a change in the pulsa- 
tility index values of the fetal vessels could occur. In 
some fetuses in group B the pulsatility index for the 
middle cerebral artery changed dramatically the day 
after transfusion. In two fetuses, with hematocrit values 
of 11% and 12%, respectively, the pulsatility index val- 
ues of the middle cerebral artery before transfusion 
were 1.56 and 2.2; the day after transfusion the pul- 
satility index values were 1.94 and 3.25, respectively. 
The lower pulsatility index observed before transfusion 
in these two anemic fetuses suggests an increase in flow 
to the brain as a consequence of fetal hypoxia. In fact, 
investigators have observed a decreased pulsatility in- 
dex of the cerebral arteries in cases of suspected fetal 
hypoxia.'® ' Although umbilical blood gases were not 
obtained in these fetuses, Soothill et al."* have suggested 
that the fetus is able to maintain tissue oxygenation with 
hemoglobin concentrations down to 8 gm/dl (hemat- 
ocrit value, 24%). A hemoglobin concentration <8 
gm/dl was associated with tissue hypoxia and lactate 
production. The higher pulsatility index observed the 
day after the correction of anemia would suggest an 
increased cerebral impedance as a result of a higher 
oxygen concentration in the blood of these fetuses. 

In summary, the pulsatility index of the vessels stud- 
ied appears unaltered the day after correction of ane- 
mia in most cases, and therefore this index does not 
seem to be a good parameter for recognizing the ane- 
mic fetus. More extensive studies are necessary to eval- 
uate whether the pulsatility index in fetuses whose he- 
matocrit levels are lower than those in the current study 
differ after correction of the anemia. It is possible that 
actual blood cell velocities are more valuable than the 
pulsatility index in recognizing the anemic fetus, as 
suggested previously.’ 
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Postpartum cardiovascular complications after bromocriptine 


and cocaine use 


Fred R. Bakht, MD, Brian 3 Micshon, MD, Tahirih Baker, MD, and David B. Cotton, MD 


Houston, Texas 


A case is presented of a postpartum woman in whom hypertension and pulmonary edema developed after 
administration of bromocriptine mesylate. Caution is advised when there is additional recent use of cocaine 
because of a suggested potentiating action of cocaine on the development of adverse cardiovascular and 

cerebral sequelae in postpartum patients who take bromocriptine. (Am J OssTeT GYNECOL 1990;162:1065-6.) 


Key words: Bromocriptine, hypertension, pulmonary edema, postpartum complications, 


cardiovascular, cocaine ` 


Bromocriptine mesylate is widely administered for 
lactation suppression. In addition it has been advocated 
for treatment of amenorrhea with galactorrhea, pitu- 
itary prolactinoma, Parkinson’s disease, and other con- 
ditions. l 

The U.S. Food and Drug Administration’s Fertility 
and Maternal Health Drugs Advisory committee has 
restated its recommendation that bromocriptine not be 
used routinely for the prevention of postpartum breast 
engorgement, stating that such prophylactic pharma- 
cotherapy is not necessary. In addition, bromocriptine 
is not currently indicated for treatment of symptoms 
of postpartum breast engorgement. 

We wish to emphasize the potential for serious car- 


diovascular complications after the administration of -> 


bromocriptine in the postpartum period, especially 
with antecedent cocaine use, illustrated by a case of 
puerperal hypertension complicated by pulmonary 
edema after administration of bromocriptine. 


Case report 


A 25- -year-old gravida 1, para 0 woman was first seen 
at term in active labor with a history of cocaine abuse. 
The patient did not have prenatal care. On admission 
blood pressure was 172/103 mm Hg and heart rate was 
105/min. Urinalysis showed 1+ proteinuria. The clin- 
ical picture was consistent with pregnancy-induced hy- 
pertension and the patient was treated with magnesium 
sulfate. The urine drug screen was positive for cocaine. 
Her hematocrit was 28%. 

The patient underwent a primary cesarean sec- 
tion because of failure to progress and fetal distress. 
A-male infant weighing 3650 gm was delivered; 
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l- and 5-minute Apgar scores were 4 and 8, respec- 
tively. 

The patient’s immediate postpartum systolic blood 
pressures were in the 140 to 160 mm Hg range and 
diastolic blood pressures were in the 80 to 100 mm Hg 
range with heart rate of 90 beats/min. She did not 
require antihypertensive therapy. 

On postparum day 1, bromocriptine 2.5 mg orally 
twice daily was begun and she was discharged home 2 
days later with bromocriptine, ibuprofen, Triphasil oral 
contraceptives, vitamins, and iron. 

On postpartum day 5, she came to the emergency 
room with increasing shortness of breath and res- 
piratory distress. Her blood pressure was 162/126 
mm Hg, heart rate 108 beats/min, and respiratory 
rate 36 to 40 breaths per minute. She was afebrile. 
Physical examination revealed diffuse rales on lung 
auscultation. 

‘Chest roentgenogram showed bilateral fluffy infil- 
trates with a normal heart size and obscured cardio- 
pulmonary angle. The electrocardiogram was without 
any acute changes. Initial arterial blood gas determi- 
nation (on room air) revealed a Po, of 57 mm Hg, Pco, 
39.0 mm Hg, pH 7.44, percent saturation 90%. Her 
hematocrit was 21%. 

The patient was treated with oxygen, a nitroprusside 
drip, morphine sulfate, and furosemide administered 
intravenously. Oxygen was delivered by a nonre- 
breather mask. A transfusion with three units of packed 
red blood cells raised her hematocrit to 34%; PO, was 
212 mm Hg on 100% oxygen by nonrebreather mask 
with Pco, 46 mm Hg, pH 7.40, percent saturation 


‘>99%. After improvement, she was placed on meth- 


yldopa 500 mg orally every 6 hours. Urine drug screen 
for cocaine was negative at this time. Serial cardiac en- 
zymes revealed an elevated creatine phosphokinase to 
487 IU/L (normal range, 21 to 232 TU/L), but the MB 
fraction was not significantly elevated (16 IU/L; normal 
range, 0 to 15 IU/L). Serial electrocardiograms did not 
reveal any acute or progressive changes. Urine protein 
was negative and liver function tests and coagulation 
studies were normal. 
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On discharge from the hospital the patient was 
placed on methyldopa 500 mg orally every six hours. 
Predischarge blood pressures stabilized to a systolic 
level of 130 to 150 mm Hg and a diastolic level of 80 
to 100 mm Hg. 


Comment . 


Bromocriptine mesylate (2-bromo-a-ergocryptine 
methanesulfonate) (Parlodel, Sandoz, East Hanover, 
N.J.), an ergot alkaloid derivative, prevents the release 
of prolactin from the anterior pituitary gland by virtue 
of its dopamine agonist properties acting on the do- 
pamine receptors on the prolactin-secreting cells to 
suppress their secretion of prolactin. Relatively com- 
mon side effects of bromocriptine include nausea, vom- 
iting, faintness, and dizziness. Although studies have 
shown a hypotensive effect that sometimes occurs just 
after initiation of therapy, sporadic reports have 
emerged that describe hypertension, seizures, stroke, 
and acute myocardial infarction in the postpartum pe- 
riod thought to be related to bromocriptine, usually 
with several days’ delay between initiation of treatment 
and development of complications.'? 

Of interest is the possible role played by the cocaine 
use in this patient. The drug screen was positive on 
initial examination but negative for cocaine during the 
second admission at the time of complications. Acute 
use of cocaine is associated with hypertensive and car- 
diac effects. It has been suggested that chronic cocaine 
use, by the depletion of brain dopamine reserves, cre- 


April 1990 
Am J Obstet Gynecol 


ates a condition of supersensitivity of dopamine recep- 
tors that is believed to be central in cocaine-craving 
behavior. Bromocriptine has been recently used to com- 
bat this craving behavior by reversing the supersensi- 
tivity. It may be that the flux in dopamine agonism and 
in dopamine receptor sensitivity caused by temporally 
related cocaine and bromocriptine use resulted in vaso- 
spasm in this patient.? 

Even without recent or concomitant cocaine use, it 
may be possible that a subpopulation of patients exists 
wherein bromocriptine exerts vasospastic effects simi- 
lar to other ergot alkaloids. An example may be the 
description of Raynaud’s phenomenon in some patients 
with acromegaly or infertility who receive bromocrip- 
tine therapy. 

Until more data are available the authors recommend 
avoidance of postpartum bromocriptine administration 
where there.is a history of recent cocaine use. In ad- 
dition, postpartum women for whom bromocriptine is 
prescribed deserve close monitoring for development 
of adverse cerebrovascular or cardiovascular effects 
and prompt evaluation of any symptoms. 
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Doppler examination of the middle cerebral artery in 


anemic fetuses 


Sanjay Vyas, MD, Kypros H. Nicolaides, MD, and Stuart Campbell, MD 


London, England 


In 24 red cell isoimmunized pregnancies the fetal middle cerebral artery mean blood velocity increased 
with anemia. The blood velocity was not related to fetal blood Po, and the relation of increased velocity to 
anemia was not affected by the pulsatility index. These findings suggest that the hyperdynamic circulation 
is a consequence of decreased blood viscosity. (AM J OBSTET GYNECOL 1990;162:1066-8.) 


Key words: Doppler ultrasonography, red cell isoimmunization, cordocentesis, fetal 


circulation, fetal anemia 
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Fetal anemia is associated with a hyperdynamic cir- 
culation.' This may be a result of first, chemoreceptor- 
mediated increased cardiac contractility or peripheral 
vasodilatation, and second, increased cardiac output 
because of increased venous return, the consequence 
of decreased blood viscosity, because the major deter- 
minant of the latter is hematocrit. This study investi- 
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A Hemoglobin Concentration (SDs) 


Fig. 1. Relationship of differences in fetal hemoglobin concentration, middle cerebral artery mean 


blood velocity, and pulsatility index. 


gates these possibilities by examining the effect of ane- 
mic hypoxia on blood velocity and impedence to flow 
in the middle cerebral artery. 


Patients and methods 


Doppler ultrasonographic studies were performed 
in 24 previously untransfused, nonhydropic fetuses 
from red cell isoimmunized pregnancies at 18 to 35 
weeks’ gestation. The middle cerebral artery intensity- 
weighted time-averaged mean blood velocity and ‘pul- 
satility index were measured by spectral analysis of flow 
velocity waveforms obtained by pulsed Doppler ultra- 
sonography after vessel identification by color flow im- 
aging (Acuson 128, Mountain View, Calif.). During the 
Doppler studies care was taken to minimize fetal head 
compression, because this alters the flow velocity wave- 
forms.’ Subsequently, cordocentesis was performed for 
measurement of hemoglobin concentration. In 22 of 
the cases Po, and pH were also measured and the oxy- 
gen content was calculated. The observed blood and 
Doppler values in each fetus were expressed as the 
number. of SDs by which they differed from the ap- 
propriate mean for gestation of our reference ranges 
(difference in hemoglobin, Po,, oxygen content, mean 
blood velocity and pulsatility index, respectively). 


Results 

The difference in mean blood velocity was signifi- 
cantly associated with the difference in hemoglobin 
(Fig. 1; n = 24, r = —0.723, p < 0.0001, constant = 
0.460, slope = 0.367, residual SD = 0.948) and the 
difference in oxygen content (n = 22; r = —0.733, 
p < 0.001, constant = 0.313, slope = — 0.473, residual 
SD = 0.945), but not the difference in Po, (n = 22, 
r = 0.160) or pH (n = 22,r = —0.146). The mean dif- 


ference in pulsatility index was significantly lower 
than the normal mean for gestation (mean differ- 
ence = — 1.117 SDs, SE = 0.106, ¿= —10.58, p< 
0.0001). However, there were no significant associations 
with the difference in hemoglobin (n = 24, r = 0.257), 
Po, (n = 22, r = 0.415), pH (n = 22, r = 0.241), or 
oxygen content (n = 22, r = 0.408). 

Multiple regression analysis showed that gestational 
age and the difference in mean blood velocity explained 


_ 62.2% of the variation in the difference in hemoglobin: 


(dHb = —5.724) + (0.153 x gestational age) — 
(1.233 x dVm; residual SD = 1.714 SDs) 


where d is the number of SDs of difference from the 
mean, Hb is hemoglobin, and Vm is mean blood ve- 
locity. Although the difference in mean blood velocity 
was significantly associated with the difference in pul- 
satility index (n = 24, r = —0.418, p < 0.05), the ad- 
dition of the difference in pulsatility index did not sig- 
nificantly improve this model. 


Comment 

In fetal anemia, middle cerebral artery mean blood 
velocity is increased and pulsatility index is decreased. 
Because these hemodynamic changes are not signifi- 
cantly associated with the difference in Po,, they are 
unlikely to be a result of peripheral chemoreceptor- 
mediated increased cardiac contractility or cerebral va- 
sodilatation, respectively. 

Although the relationship between the differences in 
pulsatility index and oxygen content did not reach sta- 
tistical significance, it is possible that the low oxygen 
content of anemia causes tissue hypoxia and conse- 
quent local vasodilatation. Alternatively, the low pul- 
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satility index may be a result of reduced blood viscosity. 
However, the data of this study indicate that decreased 
impedance to flow, irrespective of the underlying cause, 
is not significantly related to the degree of fetal anemia. 

The hyperdynamic circulation of anemic fetuses, 
manifested in high mean blood velocity in both the 
middle cerebral artery and aorta, is unlikely to be a 
result of a purposeful compensatory mechanism, but 
rather the beneficial consequence of decreased blood 
viscosity and increased venous return. 
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Prenatal diagnosis of valvar aortic stenosis by Doppler 
echocardiography and magnetic resonance imaging _ 


Toshiyuki Hata, MD,* Ken Makihara, MD, Showa Aoki, MD,* Masuo Kusakari, MD, 
Kobkichi Hata, MD," Kenji Kishida, MD, and Manabu Kitao, MD" 


Izumo, Japan 


We present herein a case of valvar aortic stenosis diagnosed antenatally, using color and pulsed Doppler 
echocardiography and magnetic resonance imaging. The benefit and advantages of the use of magnetic 
resonance imaging, complementary to the Doppler echocardiography, are discussed. (Am J OBSTET 


GYNECOL 1990;162:1068-70.) 


Key words: Prenatal diagnosis, aortic stenosis, Doppler echocardiography, magnetic 


resonance imaging 


Valvar aortic stenosis occurs in approximately 3% to 
6% of patients with congenital cardiovascular defects. 
An isolated valvar aortic stenosis seldom causes symp- 
toms in infancy, but occasionally the lesion can be re- 
lated to severe and intractable heart failure. There are 
only two reports of a prenatal diagnosis of aortic ste- 
nosis made by fetal Doppler echocardiography done at 
35 and 32 weeks of gestation, respectively.'? In the first 
report, in utero maximum systolic velocity of the as- 
cending aorta was 1.7 m/sec with pulsed Doppler ul- 
trasonography.' In the second report, color Doppler 
ultrasonography depicted a turbulent blood flow pat- 
tern across the aortic valve, but the maximum systolic 
velocity across the aortic valve could not be measured.? 
In both cases postnatal maximum systolic velocities 
across the aortic valve were 3.6 and 1.6 m/sec, respec- 
tively. There were significant discrepancies between 


From the Departments of Obstetrics and Gynecology’ and Pediatrics,’ 
Shimane Medical University. 

Received for publication August 28, 1989; revised October 2, 1989; 
accepted October 20, 1989. 

Reprint requests: Toshiyuki Hata, MD, Department of Obstetrics and 
Gynecology, Shimane Medical University, Izumo 693, Japan. 

6/1117615 f 


1068 


prenatal and postnatal maximum systolic velocities 
across the aortic valve. We report here a case of valvar 
aortic stenosis diagnosed in utero at 28 weeks of ges- 
tation. There was clear evidence of a high turbulent 
systolic blood flow velocity (4 m/sec) and poststenotic 
dilatation of the aorta by color and pulsed Doppler 
ultrasonography. Magnetic resonance imaging de- 
picted poststenotic dilatation of the aorta in utero. 


Case report 

A 27-year-old Japanese woman, gravida 1, para 0,. 
was referred to our ultrasonography clinic at 28 weeks’ 
gestation, for detailed examinations of the fetus. Rheu- 
matoid fever at age 17 years and myocardial infarction 
at age 24 years were included in her medical history. 
She had been taking nitroglycerin orally for angina- 
like attacks once a week throughout the pregnancy. 
Fetal echocardiography showed a thickened and ab- 
normal aortic valve and poststenotic dilatation of the 
ascending aorta. Diameters of aortic valve orifice and 
widest point of dilated ascending aorta and descending 
aorta were 4, 10, and 4 mm, respectively. There were 
no other evident abnormalities of the heart nor was 
there cardiac enlargement. Doppler color flow map- 
ping revealed a turbulent blood flow pattern (mosaic 
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Fig. 1A. Doppler color flow mapping showing turbulent blood flow pattern (mosaic pattern) in 
ascending aorta (AsA). AoA, Aortic arch; DeA, descending aorta. 
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Fig. 1B. Maximum systolic velocity was 3.5 m/sec with pulsed Doppler ultrasonography. LV, Lett 


ventricle; RV, right ventricle; Ao, aorta. 


pattern) in the dilated ascending aorta behind the aortic 
valve (Fig. LA). The maximum systolic velocity of the 
ascending aorta was 3.5 m/sec with pulsed Doppler 
ultrasonography. (Fig. 1B). Magnetic resonance imag- 
ing depicted. a poststenotic dilatation of the ascend- 
ing aorta on the transverse view of the fetal chest, in 
short SE sequences (repetition time = 500 msec; echo 
time = 20 msec) (Fig. 2). 

_ ‘Throughout the gestation, there was no sign of fetal 
heart failure. Near term, the maximum systolic velocity 
“of the ascending aorta was 4 m/sec. After evaluation 
of the relative fetal and maternal risks of a vaginal 


delivery, elective cesarean section was performed at 39 
weeks of gestation. A male child weighing 2774 gim was 
delivered, and Apgar scores at Tand 5 minuzres were 
7 and 9, respectively. Postnatal echocardiography con- 
firmed the antenatal diagnosis. The maximum systolic 
velocity of the ascending aorta was 4om/see, as. deter 
mined by continuous Doppler ultrasonography: The 
infant is doing well, with no evidence of heart [ailure 
and without treatment, atthe first postnatal month, 
The mother was discharged from the hospital on the 
twenty-first day after the cesarean section. Both are well 
at this time. ae 






















































1070 Hata et al. 





‘April 1990 
Ani] Obstet Gynecol 





Fig. 2. Poststenotic dilatation of ascending aorta (AsA) was evident by magnetic resonance imaging 


(repetition time = 500 msec; echo time = 20 msec). 


Comment 

This patient had been taking nitroglycerin for 
angina-like attacks once a week throughout her preg- 
nancy. Generally, nitroglycerin has no untoward effects 
on the in utero fetus, and there have been no reports 
concerning a causal relation between nitroglycerin and 
congenital aortic stenosis. However, this remains an 
open question. 

In the in utero examinations we made, Doppler color 
flow mapping showed a typical turbulent blood flow 
pattern (mosaic pattern) in the dilated ascending aorta, 
and maximum systolic velocity across the aortic valve 
was 4 m/sec in utero. Moreover, the postnatal maxi- 
mum systolic velocity was the same as that seen ante- 
natally. Therefore the extent of stenosis is much the 
same prenatally and postnatally. 

With recent advances in magnetic resonance imaging 
systems, reports of a prenatal diagnosis of fetal anom- 
alies have been made. To our knowledge, there has 
been no report on a prenatal diagnosis of cardiovas- 
cular anomalies made with the use of magnetic reso- 
nance imaging. We found that magnetic resonance im- 


aging clearly depicted poststenotic dilatation of the as- 
cending aorta. These types of examinations are difficult 
for in utero assessments, because fetal movement sig- 
nificantly degrades the quality of the image and the 
fetal presentation and position vary. Magnetic reso- 
nance imaging alone seems to be currently unsatisfac- 
tory to identify and recognize fetal anomalies, including 
fetal cardiovascular anomalies. For our patient, we used 
magnetic resonance imaging in an attempt to confirm 
the echocardiographic diagnosis of aortic stenosis, and 
this was successful. Magnetic resonance imaging pro- 
vides unique and characteristic information and is a 
promising technique to be added to ultrasonography. 


We thank M. Ohara for helpful comments on the 
manuscript. 
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Vel isoimmunization in pregnancy 


Robert J. Stiller, MD, Olga Lardas, MS, MT(ASCP)SBB, and Roberta Haynes de Regt, MD 


Bridgeport, Connecticut 


A pregnancy complicated by Vel isoimmunization is presented. Despite known immunoglobulin G 
component and significant titer rise, hemolytic disease of the newborn was not present. The maternal and 
neonatal significance of Vel sensitization is discussed. (AM J OssteT GYNECOL 1990;162:1071-2.) 


Key words: Vel isoimmunization, hemolytic disease of the newborn 


Vel antigen is a high-incidence antigen present in 
>99.9% of the population.’ Anti-Vel sensitization is 
known to be a potential cause of hemolytic transfusion 
reactions; however, its potential to cause hemolytic dis- 
ease of the newborn has not been well studied.*? We 
report a case of anti- Vel isoimmunization that was pres- 
ent during pregnancy, which did not result in hemolytic 
disease of the newborn. The maternal and fetal signif- 
icance of Vel sensitization is discussed. 


Case report 

C. C., a 30-year-old gravida 4, para 1-0-2-1 woman, 
was transferred to the high-risk obstetric service at 
Bridgeport Hospital at 33 weeks’ gestation with known 
anti-Vel isoimmunization. Vel sensitization had been 
identified at the time of a second-trimester spontaneous 
abortion in 1985. Evaluation at that time determined 
that her husband was Vel-positive. She denied any 
blood transfusion before that point. A subsequent preg- 
nancy proceeded uneventfully with the delivery in 1987 
of a Vel-positive female infant born without hemolytic 
disease of the newborn. Antibody screening performed 
in the first trimester of this pregnancy by the American 
Red Cross involved pretreatment of the serum with 
dithiothreitol to destroy immunoglobulin M (IgM) ac- 
tivity and resulted in an IgG anti-Vel titer of 1/8. Repeat 
antibody titer with dithiothreitol-treated serum at 32 
weeks’ gestation had increased to 1/128. Because of 
limited information concerning the fetal consequences 
of anti-Vel sensitization, along with the knowledge 
that an IgG antibody component existed, the pa- 
tient was offered either noninvasive testing of twice- 
weekly ultrasonographic evaluations versus invasive 
testing of amniocentesis and percutaneous blood sam- 
pling if indicated. After discussion the patient opted 
for noninvasive testing, which did not reveal evidence 
of fetal hydrops, including normal fetal liver size, re- 
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assuring biophysical profiles, and reactive nonstress 
testing. Elective induction of labor was performed 
at 38 weeks’ gestation with the delivery of a 3062 gm 
male infant with Apgar scores of 9 at both | and 5 
minutes. Initial cord bilirubin was 1.8 mg/dl, hemat- 
ocrit 52%, with a weakly positive direct antiglobulin test 
and type B, Rh-positive, Vel-positive blood type. Peak 
bilirubin rose to 4.8 mg/dl at 24 hours and the infant 
was discharged on the third day after birth without 
complications. 

Comment 

Vel antigen was first described in 1952 by Sussman 
and Miller as a potential cause of transfusion reactions. 
Vel is a high-incidence antigen with the incidence of 
Vel-negative donors at 0.025%.' Of five pregnancies 
complicated by Vel isoimmunization described in the 
literature, hemolytic disease of the newborn has not 
been reported.'* Vel antibodies are usually of the IgM 
class; however, IgG anti-Vel has been reported. Initially 
it was thought that the Vel antigen was not well devel- 
oped in the fetus; however, studies have revealed the 
antigen to be present as early as 12 weeks’ gestation, 
although it is weaker than that in the adult.’ Additional 
theories as to why Vel isoimmunization does not usually 
result in hemolytic disease of the newborn have in- 
cluded the possibility of a gene-dose effect with less 
reaction to heterozygote red cells or the possibility of 
heterogeneity of anti-Vel antibodies.’ 

Specific problems related to high-incidence antigen 
sensitization during pregnancy involve both maternal 
and fetal concerns. Because of the relative rarity of Vel- 
negative phenotype, and the documented occurrence 
of anti-Vel hemolytic transfusion reactions, the avail- 
ability of donors for possible maternal transfusion is 
limited. Our patient had self-donated 2 units of packed 
red blood cells that were kept frozen at the Red Cross 
regional blood center. 

An additional fetal problem unique to high-incidence 
antigens, besides the concerns of potential anti-Vel 
hemolytic disease of the newborn, was the possibility 
that the increase in antibody titer seen during this preg- 
nancy could be a result of sensitization to an additional 
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red cell antigen. In the present case, our patient was 
known to be negative for the Kell antigen, with her 
husband being Kell-positive. A concern was raised that 
the increase in antibody titer could be a result of Kell 
sensitization. Because of the rarity of the Vel-negative 
phenotype along with the relative rarity of the Kell- 
positive phenotype, the Red Cross could not obtain Vel- 
negative, Kell-positive blood to test for this possibility. 
However, given the fact that our patient had never been 
transfused, the possibility of Kell sensitization in ad- 
dition to Vel sensitization was less likely. 

In summary, we report a case of anti-Vel isoimmu- 
nization that did not result in hemolytic disease of the 
newborn, despite known IgG antibody type and sig- 
nificant maternal titer. On the basis of our knowledge 
at this time, noninvasive testing consisting of ultrason- 
ographic assessment for early fetal anemia and non- 
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stress testing should probably represent the preferred 
means of fetal surveillance due the reassuring but lim- 
ited information with regard to this antigen. The po- 
tential value of maternal self-donation of blood is 
stressed because of the relative rarity of potential 
donors. 


We thank S. Roberts, MT(ASCP), and E. N. DeLong, 
MS, MT(ASCP)SBB, of the American Red Cross, Far- 
mington, Connecticut, for their technical assistance. 
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preventative medicine 


Many health problems faced by Americans are not solely medical. They have social underpinnings 
and consequences. Medicine is essential to the final resolution of many of these pressing health 
problems, but they must be dealt with in a social context. Some health problems will be responsive 
as much to social change as to medical interventions. These should go hand in hand; however, the 
medical profession must not only follow but help lead the way. 


Low birth weight (LBW) is a significant public 
health concern because it is the most important sin- 
gle determinant of neonatal and infant mortality 
in the United States.** The reduction of LBW: and 
hence, infant mortality, is a priority health objective 
for our country.“ Among developed countries the 
United States ranked nineteenth overall for infant mor- 
tality rate in 1985. The disparity of infant mortality 
rates among’ states within the United States is even 
greater than the difference between rates in the 
United States and the nation with the most favorable 
infant mortality rate.” Lower infant mortality rates in 
other countries and among individual states within the 
United States suggest that further improvements in in- 
fant survival are possible, given the appropriate direc- 
tion for research and interventions. 

In 1986 approximately 245,000 LBW infants were 
_ born among the estimated 3,700,000 total births. Two 
thirds of infants who die in the first year of life are 
LBW infants; the majority of these infants die during 
the neonatal period. More deaths occur during this 
short interval of life than at any other comparably de- 
fined period of time. 

Although the infant mortality rate has declined over 
the past few decades, there has been no parallel re- 
duction of the LBW rate.’ Improved survival of LBW 
infants as a result of regionalization of perinatal care 
and advances in perinatal medicine have contributed 
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significantly to the reduction of infant mortality.® * 
However, current obstetric and neonatal care may be 
reaching a plateau in effectiveness in reducing neonatal 
mortality; in the absence of major new advances in 
perinatal medicine, we must now concentrate on pre- 
vention of LBW.? 

In 1979 the United States Public Health Service pub- 
lished the “1990 Health Objectives for the Nation.” The 
priority objective was to achieve significant reduction 
of the LBW rate and hence the infant mortality rate 
by 1990. In 1988 it has become evident that this ob- 
jective will not be met despite public and private at- 
tempts to improve the health status of pregnant women 
and their newborn infants.” Indeed, the very-low- 
birth-weight (VLBW) rate has increased." On the basis 
of these discouraging projections for 1990, the Public 
Health Service recommends that “efforts to achieve the 
objectives for pregnancy and infant health must be sus- 
tained and strengthened.” Given the disappointing 
results of prior attempts to reduce the LBW rate, it is 
important to reevaluate our current understanding of 
the epidemiologic and pathophysiologic factors that 
contribute to the LBW problem. After a careful as- 
sessment of what is known and, more important, what 
is unknown about this significant perinatal health con- 
cern, a more rational approach to its prevention may 
be developed. This approach must be founded on new 
investigations of the biologic and social mechanisms 
that predispose to premature birth. 

In this report we critically review what is known about 
LBW, describe the strengths and weaknesses of the cur- 
rently available interventions to prevent LBW, and pro- 
pose further activities and research that are needed to 
provide new and effective approaches to prevent 
LBW. 
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Table I. Categories of risk for LBW 


Economic 
Poverty 
Unemployment 
Maternal father’s poor 
socioeconomic status 
Uninsured, underin- 
sured health in- 
surance 
Poor access to prenatal 
care 
Poor access to food 
Cultural-behavioral 
Low educational status 
Poor health care atti- 
tudes 
No care or inadequate 
prenatal care 
Cigarette, alcohol, 
drug abuse 
Age <16 or >35 yr 
Unmarried 
Short interpregnancy 
' interval 
Lack of support group 
(husband, family, 
church) 
Stress (physical, psy- 
chological) 
Poor weight gain dur- 
ing pregnancy 





Biologic-genetic-medical 


Previous LBW infant 

Low maternal weight at 
her birth 

Black race* 

Low weight for height 

Short stature 

Poor nutrition 

Chronic medical ill- 
nesses 

Inbreeding (autosomal 
recessive?) 

Intergenerational ef- 
fects 


Reproductive 


Multiple gestation 

Premature rupture of 
membranes 

Infections (systemic, 
amniotic, extraam- 
niotic, cervical) 

Preeclampsia-eclampsia 

Uterine bleeding 
(abruptio placentae, 
placenta previa) 

Parity (0 or >5) 

Uterine-cervical anom- 
alies 

Fetal disease 

Anemia or high hemo- 


Black race* f globin 
; Idiopathic premature 
labor ; 
Iatrogenic prematurity 





*Black race is a risk factor for both growth retardation and 
premature birth. The risk is twice that for whites and remains 
present when confounding social and economic variables are 
controlled. Classification of risk for blacks as cultural and bi- 
ologic is due to the uncertainty of the role of these variables. 


The problem 


Definitions: Vital statistics. LBW infants (those 
born weighing <2500 gm) may be born prematurely 
(e.g., before 37 weeks’ gestation), may be small for ges- 
tational age (e.g., LBW but at term gestation), or may 
be both premature and small for’gestational age. In the 
United States more LBW infants are born prematurely 
than are growth-retarded at birth, while in developing 
countries more LBW infants are growth-retarded.* The 
predisposing risk factors associated with both types of 
LBW overlap for the two groups are similar (Table I). 

Infant mortality (e.g., deaths during the first year of 
life) has declined substantially since the turn of the 
century (from 100/1000 to 10.6/1000 live births in 
1985). Much of the decline during the first half of 
this century resulted from a decrease in deaths during 
the postneonatal period (e.g., 1 to 12 months of age). 
This decline was due in large part to improvement in 
public health measures and the availability of effective 
antibiotics, which improved survival in cases of serious 
infections. In 1988 deaths during the postneonatal 
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period made a substantial contribution to the infant 
mortality rate in third-world countries and in areas 
of low socioeconomic conditions. However, in the 
United States birth-weight-related events during the 
neonatal period have made an increasing contribution 
to postneonatal mortality, as an increasing number of 
infants who survive neonatal intensive care die later in 
infancy of complications of prematurity.” 115 

Neonatal mortality (e.g., deaths occurring in the first 
28 days of life) is the most significant component of the 
infant mortality rate in the United States. Deaths in the 
neonatal period are due to problems associated with 
LBW and VLBW (<1500 gm) infants. The LBW rate 
in 1984 for the United States was 6.7%; however, re- 
gional differences ranged from 4.8% in Alaska to 
12.5% for the District of Columbia. The overall 
VLBW rate for the United States was 1.1%. VLBW 
infants had a 93-fold increased risk of death when com- 
pared with infants weighing >2500 gm at birth.® '° In 
large measures as a result of advances in the treatment 
of diseases of LBW and VLBW infants, the survival 
rate for infants weighing 1500 to 2500 gm is now over 
90% and as many as 40% of infants as small as 750 gm 
may survive.'* '”'® Despite the unfavorable ranking of 
the United States for infant mortality, this country has 
the most favorable birth-weight-specific mortality rate. 
Thus for various birth-weight categories the chances 
for survival are exceedingly good in neonatal intensive 
care units in the United States; nonetheless, the large 
number of LBW births results in an increase in neonatal 
and infant mortality, thus reducing our technical ad- 
vantage. Furthermore, the survival rates for VLBW 
and LBW infants appear to be suggesting that we may 
be approaching the limits of survival of these infants 
at our present level of intensive care practices.* '! 1° 

Many survivors of neonatal intensive care are also at 
risk of later morbidity or mortality during the post- 
neonatal period from the sequelae of common neonatal 
diseases '* !'° (Table II). The postneonatal mortality 
rate in 1980 for infants weighing between 500 and 999 
gm was 70 times that for infants born at term.® 

As the impact of LBW extends beyond the neonatal 
period, the contribution of LBW to infant mortality 
becomes increasingly important.® '* %2? In 1985 peri- 
natal conditions and congenital anomalies were the 
sixth leading cause of death for all age groups in the 
United States.” Before 65 years of age prematurity is 
the sixth leading cause of years of potential life lost in 
the United States.” This underestimates the actual con- 
tribution of LBW because variables such as sudden in- 
fant death syndrome and congenital anomalies, both 
associated with LBW, are coded as separate causes of 
years of potential life lost.” 

Categories of risk for LBW. There is a great diversity 
of risk factors associated with LBW, and many of these 
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Table II. Sequelae of LBW infants 


Immediate Late i 


Hypoxia-Ischemia Mental retardation, spastic 
diplegia, microcephaly, 
seizures, poor school 

. performance 
Intraventricular hemorrhage Mental retardation, spas- 
ticity, seizures, hydro- 
cephalus 
Hearing-visual impair- 
ment, retinopathy of 
prematurity 

Bronchopulmonary dys- 

plasia, cor pulmonale, 
bronchospasm, malnu- 
trition, respiratory in- 
fection 

Short bowel syndrome, 

malabsorption, malnu- 
trition, infectious di- 
arrhea 

Cirrhosis, hepatic failure, 

carcinoma, malnutrition 

Other Sudden infant death syn- 
drome, infections 


Sensorineural injury 


Respiratory failure 


Necrotizing enterocolitis 


Cholestatic liver disease 


factors are interrelated (Table I). Thus low socioeco- 
nomic status is often associated with poor prenatal care, 
substance abuse, poor nutrition, genital infections, and 
previous LBW births. Although this latter pattern of 
reproductive risk factors, together with black race, has 
the highest correlation with subsequent LBW, no one 
variable is an absolute predictor of the birth of a LBW 
infant. . 

Economic status. Poverty is the most significant risk 
factor for adverse infant health in general and for LBW 
specifically.” ®* °% Low level of family income, unem- 
ployment, and the absence of health insurance corre- 
late with an increased LBW rate.™? Uninsured status 
and poor access to perinatal care are particularly im- 
portant interdependent variables. Johnsen” has stated 
that the “single largest constraint on the ability of preg- 
nant women to protect fetuses from preventable harm 
is lack of money.” Other studies have demonstrated that 
the most significant indicator of adequate prenatal care 
was the amount of the mother’s health insurance.”” * 
This is a significant problem because 29 to 35 million 
people or 12% to 15% of the United States population 
have no health insurance.” Furthermore, the inability 
to pay for health care is a major factor that keeps pa- 
tients from seeking assistance.” Uninsured patients de- 
lay seeking proper health care and use <50% of avail- 
able medical services than equally sick Medicaid recip- 
ients.?”*° 

The medically indigent population is also the pop- 
ulation at greatest risk for LBW. Women with recent 
loss of health insurance, moderately poor women who 
do not qualify for Medicaid, women who work but 
whose employer provides no insurance benefits, un- 


Prevention of low birth weight 1075 


Table IM. Barriers to adequate prenatal care 





Amount of health insurance* 

Attitude toward present pregnancy 

Denial of pregnancy 

Delay in suspecting pregnancy 

Attitude to health care in general 

Poor perception of need for or importance of prenatal 
care 

Poor social support 

Perceived negative (discourteous, unsympathetic, imper- 
sonal, uncommunicative) attitude of health care or 
social service workers 

Accessibility, location of clinic (distance) 

Availability of transportation 





*OF all variables, this appears to be the most important. 


insured but self-employed women, and adolescent 
women constitute this high-risk population. Redefining 
Medicaid eligibility reduced the number of Medicaid- 
insured low-income families from 63% to 46% between 
1975 and 1983." In 1982, 40% of people with incomes 
below the poverty standard had no health insurance.” 
In addition, not.all uninsured people are below the 
poverty level as one half of uninsured families have 
income >$15,000.29” 

In addition, the uninsured patient places a significant 
financial burden on the nation’s health care facilities. 
It is estimated that the nation’s hospitals provide >$6 
billion worth of “uncompensated care” in part as a re- 
sult of the obstetric and neonatal intensive care costs 
of the medically indigent.” Preventing LBW births is 
more cost effective than treating sick premature infants 
in expensive intensive care units. It has been estimated 
that $1 of ambulatory prenatal care would save $3.38 
of care for the LBW infant.‘ 

Importance of prenatal care. Women at greatest risk for 


‘LBW are most likely to receive little or no prenatal care. 


In 1980, the infant mortality rate was five times greater 
among women with no prenatal care than among those 
who had care started in the first trimester.’ Although 
health insurance is a significant variable in seeking pre- 
natal care, other factors are also barriers to obtaining 
adequate prenatal services (Table III). 

Although the precise content or quantity of prenatal 
care necessary to reduce LBW has not been deter- 
mined, the availability and use of prenatal services re- 
duce infant mortality. There is a strong association be- 
tween the number of prenatal visits, LBW, and neonatal 
survival. Hospital costs are 50% higher among in- 
fants of mothers who failed to obtain prenatal care.” 
Moore et al.” demonstrated an increased cost of ap- 
proximately $2800 per infant of a mother receiving no 
care; in this study the LBW rate for patients with no 
prenatal care was 21% compared with 6% among pa- 
tients who received prenatal care. Prenatal care for 
other high-risk populations, such as adolescents, also 
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may reduce the LBW rate.™ 38 These studies have 
demonstrated that prenatal care alone may ameliorate 
some of the risks associated with poverty and adolescent 
pregnancy. 

Cultural-behavioral risks for LBW (Table 1). Cultural 
risks are those associated with learned attitudes, life- 
styles, and group dynamics within a particular süùbcul- 
ture (e.g., poverty with or without drug abuse). Be- 
havioral risks relate to choices a mother makes, such as 
cigarette smoking, substance abuse, unmarried status, 
and poor education. Some of these behavioral variables 
also may be culturally determined. 

Poor educational status or attainment is probably 
the most important variable in this category of risk. 
Women with fewer than,8 years’ education have 2.3 
times the risk for infant death than those with greater 
than 18 years’ education.’ Through appropriate edu- 
cation (school-based and. community-based) many of 
the other variables related to cultural or behavioral 
risks may potentially be eliminated. Educational pro- 
grams have been associated with changed behavior 
and thus improved birth weights of infants born to 
adolescents**: 337 and to women who stopped smoking 
cigarettes.°° 

Successful use of available health services requires 
maternal education to understand the need for such 
care. In developing countries literacy is inversely re- 
lated to the LBW rate.**” This does not directly imply 
that illiteracy is the cause of LBW in the United States; 
rather it suggests that the content of informal (cultural) 
and formal (school) education may result in an in- 
creased awareness of the importance of positive repro- 
ductive health attitudes and behavior. 

Sweden has one of the most favorable infant mor- 
tality and LBW rates. Three critical factors seem to be 
responsible for Sweden’s infant health: reproductive 
education, acceptance of early prenatal care, and neigh- 
borhood health centers.” In the United States educa- 
tional programs also have improved the pregnancy out- 
come of high-risk, low-socioeconomic, adolescent 
women.*": 37, 38 

Adolescent pregnancy as a risk for LBW. Young maternal 
age is associated with high rates of LBW and infant 
mortality. The mortality of infants born to 10- to 14- 
year-old adolescents is 3.4 times the rate among women 
30 to 34 years old. Earlier hypotheses speculated that 
the immature reproductive system of the young 
mother, with competition for nutrients between a grow- 
ing mother and fetus, resulted in LBW. In re- 
cent years these theories have been seriously ques- 
tioned." In a study of >300,000 births race and pre- 
natal care were associated with LBW, and these vari- 
ables confounded the risk associated with adolescent 
pregnancy. The age at menarche and age at conception 
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are not related to LBW; the mean birth weight among 
women under 16 years of age was 3048 gm, not dif- 
ferent than that in older women." 

Additional studies also have suggested that adoles- 
cence is not the primary cause of LBW; rather the 
socioeconomic and racial covariables commonly present 
among adolescent mothers appear to be the responsible 
factors.** Black race, unmarried status, poor educa- 
tion, cigarette. or drug abuse, sexually transmitted dis- 
ease, poor nutrition, and poor prenatal care place ad- 
olescent women at increased risk for LBW. +4 47.18 

In 1985 10% of adolescent women (about 1 million) 
became pregnant, and approximately 50% gave birth, 
resulting in a net health care cost of $16.6 billion.®® 48 
Of the 36 million people between 10 and 19 years old, 
6.5 million live in poverty.” This low-socioeconomic 
group is at increased risk for many variables associated 
with LBW. Pregnancy is the most common cause for 
women to drop out of school. About 65% of female 
school drop-outs is due to pregnancy; many, if not most, 
do not return to school." If a woman has her first 
pregnancy as an adolescent, 50% will remain below the 
poverty level, compared with 9% of women whose first 
pregnancy occurs between the ages of 25 and 29 years. 
Furthermore, women who have their first pregnancy 
as an adolescent remain on welfare three to five times 
longer than other women. Fifty percent of the cost of 
the aid to families with dependent children is accounted 
for by adolescent mothers.** The social, economic, and 
educational hardships resulting from adolescent preg- 
nancy include lack of education, loss of work potential, 
single parent families, dependence on welfare, and in- 
creased morbidities for their children.*” Because the 
number of LBW births to adolescents are a small pro- 
portion of all LBW births, prevention of adolescent 
pregnancy will not eliminate LBW. Rather attention 
should be directed at the socioeconomic hardships of 
the pregnant adolescent. 

Biologic-genetic-medical. The LBW and infant mortal- 
ity rates of black women are two times the respective 
rates among white women. The classification of black 
race as a risk for LBW in both cultural and biologic 
categories in Table I is due to uncertainty of the con- 
tribution of these two important variables to the risk 
among black women.” è 19-32 

Because black race has been associated with poverty, 
unmarried status, poor educational attainment, inad- 
equate prenatal care, and adverse behavioral or health 
practices, it has been assumed that black race, per se, 
is a risk factor for both LBW and increased infant mor- 
tality. Indeed, 75% of the excess mortality among black 
infants is due to LBW.” Another contributory factor is 
the higher weight-specific mortality of black infants 
born at term. To improve the unfavorable black infant 
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mortality rate, there needs to be a shift of the black 
birth-weight distribution and reduced mortality in each 
weight category.” 5 

Recent investigations have questioned the association 
of black race with low socioeconomic status as a cause 
of LBW. Shiono et al.***! investigated the birth weights 
of infants of 29,415 women enrolled in the Northern 
California Kaiser Permanente Birth Defects Study from 
1974 to 1977. After controlling for covariables, black 
women had the highest rates (7.7%) for LBW compared 
with white (3.5%) or Hispanic (4%) women.® 5! The 
twofold increased risk for black women remained even 
when educational status, age, marital status, and ciga- 
rette smoking were considered. Similar results of an 
increased risk among black women (with other risk fac- 
tors held constant) were reported in the 1980 National 
Birthweight-Specific Infant Mortality Surveillance 
Study” and by Wise et al.” 

Because some LBW infants may be growth-retarded 
and therefore not premature, the VLBW rate is a better 
indicator of true prematurity since almost all VLBW 
infants are born before term. The VLBW rate has not 
declined with time.* ° Between 1973 and 1983 the 
VLBW rate declined from 9.4 to 9.3 per 1000 among 
white women but increased from 22.8 to 25.5 among 
blacks.® National statistics demonstrated that the VLBW 
rate was three times greater among black women than 
white women.® Educational status or maternal age had 
little impact on the black VLBW rate as there was no 
difference in rates of VLBW between blacks educated 
for <12 years and those educated for >16 years or 
between blacks <18 and those 20 to 29 years old. Low- 
risk black women had a higher rate of VLBW (relative 
risk 1.7) than did high-risk white women.* 

The mechanism for the disadvantageous status of 
black infants has not been defined. The persistence of 
adverse cultural, behavioral, or social variables, despite 
better education and economic status, are possible ex- 
planations.* * Intergenerational effects may adversely 
affect the black LBW status. Furthermore, LBW tends 
to recur from one generation to the next and from one 
pregnancy to the next.: In addition, there may be 
biologically mediated effects or genetic influences on 
birth weight that have not been identified.” ** Known 
genetic differences exist between black. and white 
women as demonstrated by white blood cell counts, 
ossification of bone, and incidence of twinning." 

Reproductive risks for LBW. For the majority of infants 
there are few obvious identifiable obstetric causes of 
LBW. Some reproductive complications are associated 
with premature labor®*® (Table I). Many of these con- 
ditions are of unknown cause. Some factors, such as 
amniotic fluid infection and premature rupture of 
membranes,” may be interrelated. Nonetheless, in the 
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majority of cases the initiating event of preterm labor 
cannot be identified. In addition, for many of the med- 
ical and obstetric complications of pregnancy there are 
no specific treatments. In the presence of abruptio pla- 


. centae or placenta previa preterm birth is inevitable. 


Furthermore, many traditional therapies may not be 
effective for preventing preterm birth. The effective- 
ness of cerclage for women with incompetent cervices 
has been questioned after the publication of two ran- 
domized controlled studies that did not demonstrate 
a beneficial effect of cerclage. ® Bed rest, as a 
method to prolong twin gestations, has been sug- 
gested to be less effective than previously thought. 


- Furthermore, despite the availability and widespread 


use of multiple agents that inhibit preterm labor, the 
prematurity rate has not declined substantially during 
the last decade.” 

Uterine contractures as a risk for LBW. Experiments in 
laboratory animals have increased our understanding 
of normal labor. Various neurohumoral signals result 
in myometrial alterations characterized by increasing 
intensity and frequency of uterine contractions. Local 
events that alter myometrial calcium, cyclic adenosine 
monophosphate, or prostaglandin levels also may mod- 
ify uterine activity and stimulate contractions.” In ad- 
dition, a balance between estrogen and progesterone 
appears to control uterine activity in many mammals.®* 
Unfortunately there is a paucity of information on the 


_ physiologic characteristics of normal labor in humans. 


Furthermore, there is an even greater gap in our un- 
derstanding of the basic pathophysiologic characteris- 
tics of human preterm labor. 

Recent preliminary evidence proposes that women 
who will go into premature labor have an increased 
frequency of subclinical contractions, called contrac- 
tures. Contractures, which may be similar to Braxton 
Hicks contractions, are usually too weak to be perceived 
by pregnant women. They are present in normal preg- 
nancies, but their frequency may be increased among 
women who have premature labor.**” 

The most useful aspect of ambulatory tokodyna- 
mometry may be the possibility of determining the fre- 
quency of contractures that places a woman at risk for 
subsequent preterm labor. Small pilot studies have sug- 
gested the possible usefulness of early identification of 
excessive uterine contractures as an indication for treat- 
ment to suppress uterine activity.°”* Tocolytic agents 
have been used to inhibit preterm contractions af- 
ter they have progressed to true preterm labor. B- 
Adrenergic receptor agonist drugs, although helpful 
in inhibiting preterm labor, do not always prevent pre- 
term birth. Therefore the next step for intervention may 
be to identify an effective time to intervene before the 
actual start of premature labor. Unfortunately, the use- 
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Table IV. Methods to improve accessibility of 
health care for the medically indigent 





I. Implement health care coverage for uninsured and 
undernourished 

A. Broaden medical eligibility (poverty level) to in- 
clude “working poor” 

B. Require employers to provide mandatory health 
insurance for worker and family during and for 
some time after loss of employment 

C. Permit newly unemployed to change group plan 
to individual or Medicaid plan 

D. Medicaid subsidization (cost-sharing) of low- 
moderate income families without employer- 
provided health insurance 

E. Coverage should include inpatient and outpa- 

tient service 
Provisions for catastrophic illness 
. Effectiveness of fee-for-service or prepaid status 
must be studied 
Il. Ensure continuation of access 
A. Continue insurance for pregnancy and child- 
hood health care 
. Combine care of pregnant and postpartum 
mother with care of infant 
. Increase number of neighborhood care facilities 
. Liberal pregnancy leave and part-time positions, 
without loss of job status when returning to 
work 
Flexible work hours 
pecific interventions 
. Community-based outreach programs 
Accessible local health stations 
Involvement of community leadership 
Home visits to monitor and reinforce educa- 
tional programs 
School-based health care and health education 
Provision of transportation to health stations 
. Continuation of food supplementation plans 
(Women, Infants, and Children; WIC) 
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fulness of ambulatory tokodynamometry has not been 
confirmed by all investigators.” 

Another proposed early clue to identifying women 
at risk for premature labor is the detection of cervical 
changes before term.” The same mediators that en- 
hance myometrial contractions, the prostaglandins, also 
increase the softness of the cervix. Loss of cervical tone 
or ripening may result in premature delivery.” The risk 
of having a preterm delivery was four times greater in 
the presence of premature dilatation of the inner cer- 
vical os.” Stubbs et al.” also confirmed the importance 
of detecting a dilated inner cervical os as a predictor 
of preterm labor. The incidence of delivery before 34 
weeks with 27% compared with 2% in women with 
normal results of cervical examination.” ” Before wide- 
spread acceptance of both ambulatory tokodynamo- 
metry and examination of the cervix, there is a need 
to rigorously determine the sensitivity, specificity, and 
predictive value, plus any adverse outcomes associated 
with their use by the general obstetrician. 
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Infection as a risk for LBW. There is new evidence that 
asymptomatic infections of the cervix, amniotic fluid, 
amniotic membranes, or uterus may contribute to pre- 
term labor. In 1971 Elder et al.® demonstrated tht tet- 
racycline treatment of some pregnant women reduced 
the incidence of premature births. Recent work’**' has 
suggested an increased incidence of chorioamnionitis 
and villitis among complicated pregnancies and those 
associated with preterm delivery. Preterm labor has 
been associated with the presence of Mycoplasma hominis 
and Chlamydia trachomatis cervical infection®™ and with 
bacterial vaginosis and Chlamydia trachomatis,” ® Urea- 
plasma urealyticum, Mycoplasma hominis,’ and group B 
streptococci.® Treatment for these infections has none- 
theless resulted in inconsistent beneficial effects on 
birth weight. 5.86 

Current approaches to the management of preterm 
labor do not consider subclinical genital infections. We 
need to know much more about the role of bacteria in 
the initiation of preterm labor before we can make 
intelligent therapeutic decisions. The contribution of 
asymptomatic genital infection to the LBW problem is 
currently unknown. Additional studies are needed to 
determine its role in producing LBW births. 

Identification of women at risk for LBW. Table I lists the 
many economic, cultural, biologic, and reproductive 
risks associated with LBW. Despite the presence of 
these demographic and biologic variables, most women 
at risk are not delivered of LBW infants. Current risk 
assessment techniques require more sensitivity and 
specificity to identify those women who will be delivered 
of a LBW infant. 

Clinicians use two clinical means to attempt to predict 
who will be delivered of a LBW infant. First they use 
risk assessment instruments that rely heavily on histor- 
ical variables (Table I). Recent work has questioned the 
utility of standard instruments that are based on his- 
torical data to predict LBW births among high-risk pop- 
ulations.” These instruments may identify groups of 
women but not a particular woman at risk for LBW. 

The other method of screening women for the like- 
lihood of LBW is encompassed in the various compo- 
nents of prenatal care. Routine medical screening dur- 
ing pregnancy includes detection of anemia, blood 
group incompatibility, gonorrhea, group B strepto- 
cocci, and syphilis. Additional tests include cultures for 
gonorrhea or group B streptococci. Prenatal screening 
may also detect preeclampsia or abnormalities of fetal 
size. The incidence of these problems is very low, and 
the relative importance of the content of prenatal care 
to the outcome of pregnancy has been questioned.9' 

It is not clear which components of prenatal care are 
effective in reducing LBW. Although packages of mul- 
tiple components of prenatal care may be comprehen- 
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sive, the precise intervention that improves outcome 
may be difficult to identify. Rather than offering mul- 
tiple interventions, there should be well-controlled, 
randomized clinical trials of each proposed com- 
ponent. Although it may seem obvious that high-risk 
patients may need more prenatal care than lower-risk 
patients, this assumption has not always been demon- 
strated.*”*' To determine the role of risk status and 
prenatal care, future studies should randomize pre- 
natal interventions according to high- or low-risk status. 


Solutions 


Current intervention programs to reduce LBW. 
Recognition that LBW rate is related by a complex in-' 
teraction between socioeconomic and medical deter- 
minants has led to a variety of intervention programs. 
In general, these efforts have involved attempts to pro- 
vide social support and alter health and/or life-style 
behaviors. They have not been integrated multidisci- 
plinary investigations of broad spectrums of biologic 
and environmental variables. Although they have dem- 
onstrated changes in behaviors and other social or med- 
ical benefits, there has not yet been a demonstration of 
a reduction in the LBW rate.’ 5% 9 9-97 

Studies of adolescents suggest some marginal effect 
on preventing LBW births through education pro- 
grams.*" 38 These studies have used combinations 
of in-school-, community-, and home-based educa- 
tion (Table IV), such as social support group ses- 
sions and home visits to reinforce school-based edu- 
cation.” Increased prenatal care has been a contrib- 
uting factor. 38 

However, most LBW infants are not born to adoles- 
cent mothers. Social-economic interventions with non- 
adolescent women have not been proved to lower the 
LBW rate, despite promising clinical observations. In 
addition, newer clinical interventions focusing on train- 
ing pregnant women to detect preterm labor, using 
ambulatory tokodynamometry, and detecting and 
treating subclinical genital or amniotic fluid infections 
have not yet been able to objectively demonstrate a 
lowering of the LBW rate.5® 9% 9-97 

Proposed strategy to reduce LBW. A reduction of 
the LBW rate would have a significant effect on re- 
ducing infant mortality, infant morbidity, postneonatal 
mortality, hospital costs, uncompensated hospital care, 
the adverse social consequences of unmarried and ad- 
olescent pregnancy, and the reproductive health dis- 
advantage of black Americans. Prevention of LBW will 
require an integration of social research to improve the 
understanding of the adverse environmental variables 
and clinical research to better understand the biologic 
parameters contributing to the pathogenesis of LBW. 
Biomedical advances alone will not be effective in re- 
ducing LBW because of the overwhelming influence of 
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Table V. Critical research initiatives for 
prevention of LBW 





I. Socioeconomic, cultural, behavioral demography 
A. Identification of methods to improve accessibility 
of prenatal care 
l. Financial 
2. Education 
3. Outreach 
4. Patient satisfaction 
B. Identification of factors responsible for increased 
risks of LBW among blacks 
. Intergenerational 
. Biologic-genetic 
. Cultural 
. Determination of role of stress 
. Physical 
. Psychological 
. Support groups 
. Stress relief 
D. Generation of large prospective data base to iden- 
tify risk relationships 
1. Racial 
2. Economic 
8. Behavioral 
4. Linked with investigations of biology 
II. Biology 
A. Basic biochemistry, physiology of normal labor 
1. Initiation 
2. Propagation 
3. Uterine-cervical alterations 
B. Pathophysiology of preterm labor 
1. Initiating events 
2. Propagation 
3. Common pathways 
4. Inhibition 
C. Identification of biologic markers to predict pre- 
term birth 
. Electrophysiologic (tokodynamometry) 
. Clinical assessment of cervical dilatation 
. Genetic markers 
. Serum protein markers 
. Hormonal profile 
. Infectious agents 
D. Prevention of preterm labor with interventions 
based on identifiable biologic risks 
E. Test prevention and treatment protocols with ran- 
domized controlled clinical trials 
F. Treatment of preterm labor based on identifiable- 
biologic risks 
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social factors associated with this adverse reproductive 
outcome. Coordination of such research activities in 
multidisciplinary, specialized centers could facilitate the 
goal of reducing the LBW rate. 

Methods to increase accessibility of prenatal care. The lack 
of medical insurance is one of the most serious barriers 
to adequate prenatal care (Table III). Improved avail- 
ability of care should be a high-priority area to reduce 
the LBW rate. Measures to increase availability of care 
during pregnancy are noted in Table IV. 

After the financial barrier to care is removed, the 
next step is the introduction of educational programs 
designed to increase utilization of available services, 
promote proper health habits, and identify early signs 
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of preterm labor. These programs can be based at 
school, work, and community centers and should stress 
the importance of prenatal care and the avoidance of 
negative health habits such as cigarette smoking. Trans- 
portation to and development of local neighborhood 
health centers would improve accessibility and utiliza- 
tion. Coordination of social and medical agencies and 
the use of a 24-hour telephone information service run 
by trained paraprofessional welfare mothers has im- 
proved the use of prenatal care in one location.” 
Managed care arrangements (health maintenance or- 


ganizations, preferred practitioner organization, etc.) 


and cost-sharing plans may potentially place patients 
at risk for poorer health outcome.™ ° High-risk, 
low-income medical patients (not pregnant) have dem- 
‘onstrated more favorable health status with free-care 
versus cost-sharing insurance.” Poor and sick patients 
randomly assigned in a controlled study to a health 
maintenance organization showed poorer health and a 
greater risk of dying than low-income sick patients as- 
signed to a fee-for-service program.” Although these 
projects did not report on reproductive outcome, it will 
be important to determine which method of health 
insurance delivery is optimal for high-risk preg- 
nant women. Cost-saving insurance or managed care 
plans should not become another obstacle that re- 
duces the utilization of prenatal care among indigent 
women.’ 

Research agenda for prevention of LBW (Table V). The 
mechanisms for the effects of individual risk factors 
and the possible interaction between social and biologic 
components in producing LBW are currently un- 
known. Proposed solutions to reduce LBW should ad- 
dress the effectiveness of clinical intervention strate- 
gies, in addition to investigating the basic pathophysi- 
ologic mechanisms responsible for premature uterine 
contractions and abnormal fetal growth. 

Basic research initiatives should be directed at iden- 
tifying the social and biologic variables associated with 
LBW (Table V). Because of constant changes in the 
social environment, in addition to recent advances in 
reproductive health care, we can no longer rely on data 
bases generated 20 or even 10 years ago. Therefore to 
carry out the socioculture studies a new data base will 
be required. Recent studies have identified important 
new variables that need to be analyzed as univariate 
and multivariate factors for the risk of LBW. This anal- 
ysis can be accomplished only within the context of a 
prospectively generated data base that can be assessed 
with multivariate methods. 

Because the pathophysiologic features of human pre- 
term labor are poorly understood, new information is 
needed at the tissue (uterus, cervix), cellular (receptors, 
mediators) and subcellular (actin-myosin, protein syn- 
thesis) levels (Table V). There are probably multiple 
pathways that lead to the final common event of pre- 
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term labor. The pathophysiologic characteristics of in- 
fection, uterine muscle distention, and hypoxia need 
to be understood within the context of premature 
uterine contraction before initiation of major pre- 
vention programs. Intervention studies should be 
based on new information gathered from the prospec- 
tive investigations of socioeconomic risk factors and 
the biologic events that initiate preterm uterine con- 
tractions. 


Coordination of research activities 


Research related to LBW is often fragmented among 
the traditional disciplines of the social and biologic sci- 


* ences. Such individual and uncoordinated research ac- 


tivities by independent investigators have been unable 
to achieve the reduction of LBW births proposed by 
the Public Health Service.’ Even among biologic in- 
vestigations of LBW, research efforts are further sub- 
divided into those scientists with expertise in infectious 
diseases, muscle physiology, receptor pharmacology, 
collagen biochemistry, fetal nutrition, and metabolism. 
Although these investigators have increased our un- 
derstanding of these individual aspects of reproductive 
biology, there have been few multidisciplinary projects 
that have specifically focused attention in a coordinated 
fashion on the problem of LBW. 

The various social and biologic investigations dis- 
cussed in the preceding sections need to be coordinated 
to reduce cost and enhance communication between 
disciplines. Therefore these individual activities should 
be coordinated in multidisciplinary centers of research 
targeted to reducing the LBW rate. The utilization of 
financial and manpower resources will therefore be 
maximized in such centers. 

The establishment of those research centers, which 
can channel many disciplines into one scientific effort,. 
should be a priority action to investigate the causes and 


‘subsequent prevent of LBW. In such centers strong 


links could be forged between the biologic and social 
scientists and clinical investigators. A critical mass of 
committed multidisciplinary investigators will be in the 
best position to generate hypotheses focusing on this 
clinical problem and critically evaluating complex in- 
terventions, utilizing a broad base of laboratory disci- 
plines and scientific expertise. LBW is associated with 
social and biologic processes that may interact through 
many overlapping spheres of causation. The basic 
mechanisms responsible for the large influence social 
class has on LBW and the interrelationships between 
poverty and the biologic processes associated with LBW 
could best be investigated in such centers. 

The environment of such centers should consist of: 
(1) a medical school and university faculty having a 
long-term commitment to LBW and reproductive bi- 
ology, (2) a teaching hospital serving a substantial, high- 
risk obstetric population, and (3) a community with a 
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definable population base receptive to integrating its 
health services for women. Such centers could serve as 
the focal point of a spectrum of biologic, clinical, and 
epidemiologic interdisciplinary research programs di- 
rected toward providing new knowledge having the 
potential to prevent untoward reproductive events. 
The present fragmentation of social, biologic, and clin- 
ical research activities directed to the LBW problems 
could then be approached. through cooperative and 
integrated research with subsequent intervention pro- 
grams initiated and evaluated by the same centers. 
Centers could consist of three core groups with 
representation from social scientists, basic biologic sci- 
entists, and clinical perinatal investigators. The social 
science group should include representation by epi- 
demiologists, sociologists, medical economists, statisti- 
cians, behavioral psychologists, and educators. The bi- 
ologic group should include representation by muscle 
physiologists, collagen biochemists, pharmacologists, 
neuroendocrinologists, microbiologists, and cell biolo- 
gists. The clinical investigators should include those 
with expertise from infectious disease, reproductive en- 
docrinology, perinatal medicine, and pathology. 
These centers could provide the necessary interac- 
tion between multiple disciplines that will result in in- 
creased coordination of research related to LBW. It is 
within the context of coordinated centers that signifi- 
cant progress will most likely be made: (1) in advancing 
biologic understanding of the pathogenesis of human 
preterm labor and intrauterine growth retardation, (2) 
in identifying interventions to prevent LBW on the 
basis of the new understanding of pathophysiology, (3) 
in performing randomized controlled studies that are 
based on these interventions, (4) in performing mean- 
ingful case-control studies of high-risk groups, and (5) 
in improving the services available to low-income 
women and improving the utilization of such services. 
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Survival and cell acquisition rates after preimplantation 
embryo biopsy: Use of two mechanical techniques and two 


mouse strains 


William E. Roudebush, PhD, Jong G. Kim, MS, Brijinder S. Minhas, PhD, and 


Melvin G. Dodson, MD, PhD 


Johnson City, Tennessee 


Two strains of mouse embryos at the four- and eight-cell stages had biopsy s specimens obtained by means 
of two different mechanical techniques: aspiration and displacement. Embryos and biopsy specimen cells 
were evaluated for survival and development. Blastomere acquisition rates were significantly higher with 
the displacement biopsy technique; however, no difference in suivival or developmental rates was found in 
blastomere biopsy specimens removed from either four-cell or eight-cell embryos. A maximum of one 
blastomere can be removed from a four-cell embryo, whereas three blastomeres can be taken at biopsy 
from an eight-cell mouse embryo without significantly affecting embryo development, although mouse 
strain differences were noted. Intact, viable, biopsied blastomeres will develop in vitro when cocultured 
with morphologically intact embryos. Births of live offspring after embryo biopsy are reported. (Am J OBSTET 


GYNECOL 1990;162:1084-90.) 


Key words: Embryo biopsy, blastomere growth, live offspring 


The removal of one or more blastomeres from 
preimplantation embryos. (embryo biopsy) may allow 
early embryonic diagnosis of hereditary disease. Cur- 
rent diagnostic techniques that might be applied to the 
blastomere biopsy specimens include karyotyping,’ en- 
zyme and other biochemical assays,’ and the use of 
genetic probes.* * ‘The use of such techniques on blas- 
tomere biopsy specimens could provide a wealth of di- 
agnostic information with regard to the status of the 
conceptus before implantation. Early diagnosis with 
embryonic cells will be a necessary critical step be- 
fore the correction of genetic diseases (e.g., by gene 
therapy). 

The ability to successfully obtain biopsy specimens 
from embryos depends on the cell stage, number of 
cells removed, and biopsy technique. Embryonic biopsy 
has been studied at all stages of preimplantation de- 
velopment; however, most studies have involved biopsy 
specimens of two-, four-, and eight-cell embryos.!*** 
Nijs et al.! reported poor developmental potential of 
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cellular biopsy specimens from two-cell mouse embryos 
both in vitro and in vivo. The efficiency of embryonic 
biopsy techniques in the acquisition of iritact viable blas- 
tomeres was not reported in any of the above studies. 
Because of the smaller cell size, it is generally easier to 
obtain biopsy blastomeres from an eight-cell than a 
four-cell mouse embryo.° 

In this study we compared embryonic biopsies by two 
methods: aspiration’ and displacement,® on two differ- 
ent stages of embryo development (four-cell and eight- 
cell) from two different strains of mice (BsD.F,/J and 
Swiss). Data on the number of intact blastomere biopsy 
specimens (acquisition rate), the effect on the number 
of cells removed on subsequent embryonic develop- 
ment, and blastomere growth are reported. Implan- 
tation and birth of live offspring after the transfer of 
embryos that have had biopsies are reported. 


` Material and methods 


Embryos at the four-cell and eight-cell stages were 
collected from the oviducts of BsD,F,/J and Swiss ma- 
ture female mice primed with pregnant mare serum 
gonadotropin (7 IU, Sigma Chemical Co., St. Louis) 
followed 48 hours later with human chorionic gonado- 
tropin (7 IU, Sigma). Females were bred with fertile 
males immediately after administration of human cho- 
rionic gonadotropin. After the mice were killed by cer- 
vical dislocation, embryos were collected from excised 
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Fig. 1. Biopsy by aspiration of an eight-cell mouse embryo. 





Fig. 2. Biopsy by displacement of an eight-cell mouse embryo. Arrow denotes location of second 
puncture site. Blastomeres were displaced through first puncture site. 


oviducts by flushing with Ham’s F-10 solution (Sigma) 
modified with 0.3% bovine serum albumin (Sigma) with 
a tuberculin syringe with a 30-gauge needle (Becton- 
Dickinson, Rutherford, N.J.). Recovered embryos were 
manipulated and cultured in Ham’s F-10 (0.3% bovine 
serum albumin) medium. 

Embryos were transferred into 0.2 ml of medium 
under filtered (0.22 pm; Corning, Corning, N.Y.) ster- 
ilized light mineral oil (Fisher; Fair Lawn, N.J.) in 60 
mm tissue culture dishes (Corning), and placed in a 
37° C manipulation chamber. The manipulation cham- 
ber consisted of a Nikon inverted microscope (Nikon, 
Tokyo) equipped with Narshige micromanipulators 
(model MO-102N, Medical Systems, Greenvale, N.Y.) 
attached to a pico-injector (model PLI-100, Medical 
Systems). Holding and biopsy pipettes (10 pl; SMI, 


American Dade, Miami) were manufactured on a Kopf 


Vertical Pipette Puller (model 720, Kopf Instruments, 
Tujunga, Calif.). The holding pipette was fire polished 
on a Stoelting Microforge (model 61519, Stoelting Co., 


Chicago). The biopsy pipette was initially cut on a mi- 
croforge and was then beveled (45-degree angle) on a 
Narshige pipette grinder (model EG4, Medical Sys- 
tems) to a final inside diameter of approximately 20 to 
25 wm. 

Embryo biopsy specimens were obtained by means 
of two techniques: aspiration and displacement. During 
aspiration the embryos were held in place with a fire- 
polished blunt pipette and gentle suction. Blastomeres 
were removed with suction (<1 psi) with a second bev- 
eled pipette with a tip diameter about two thirds the 
blastomere diameter (Fig. 1). In the displacement tech- 
nique, the embryos were also held in-place with a blunt 
pipette with gentle suction while an opening was made 
in the zona pellucida with a beveled pipette. The bev- 
eled pipette was then inserted through a second punc- 
ture site and a gentle flow (0 to 2 psi) of medium in- 
jected through the pipette was used to dislodge and 
displace the blastomeres and push them from the zona 
pellucida through the first puncture site (Fig. 2). After 
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Table I. Survival and in vitro development rates of four-cell and eight-cell biopsied mouse embryos 







Biopsy 

technique 
Aspiration 4 89/103 
Displacement 4 115/129 

Total 204/232 
Aspiration 8 99/111 
Displacement 8 97/105 

Total 196/216 


Survival rate 










Development rate 








86.4 40/89 44.9° 
89.1 53/115 46.1° 
87.9" 93/204 45.6 
89.2° 80/99 80.8" 
92.4° 76/87 87.49 
90.7° 156/196 79.6 


a, b, c, d, e, Difference not significant. f, Significant difference (p < 0.001). 


Table H. Cell acquisition and development 
rates of biopsied cells from four-cell 
mouse embryos 


Table HI. Cell acquisition and development 
rates of biopsied cells from eight-cell 
mouse embryos 












Acquisition rate Development rate 





Aspiration 23/103 22.7 6/23 26.1> 
Displacement 76/129 58.9" 27/76 35.5° 
Total 99/232 42.7 33/99 33.3 





a, Significant difference (p = 0.001). 
b, Difference not significant. 


biopsy, blastomeres were cultured in an atmosphere of 
5% carbon dioxide in air, 95% relative humidity at 
37° C with developing embryos at the two-cell to four- 
cell stage that did not have biopsy specimens taken. 
Embryo survival after biopsy was defined as those 
embryos that had intact blastomeres (>50% of blasto- 
meres survive) remaining within an intact zona pellu- 
cida after biopsy. Cell acquisition was defined as the 
number of blastomeres that remained viable and intact 
after removal from the zona pellucida. Embryos were 
scored for survival and cell acquisition rates immedi- 
ately after biopsy. Development of blastomere biopsy 
specimens was scored by cell division after biopsy. The 
effect of cell loss on embryo development was evaluated 
by scoring for blastocyst development in vitro. 
Embryos that had biopsy specimens taken were cul- 
tured for 24 hours before transfer into the oviducts of 
pseudopregnant female mice for evaluation of implan- 
tation and term development. Pseudopregnant mice 
were produced by mating mature female mice with 
vasectomized males. The presence of a vaginal plug 
signified a positive mating. The female was anesthe- 
tized with 2.5% avertin (10 gm tribromoethanol in 10 
ml tertiary amyl alcohol; Sigma; 0.0015 ml/gm) in sa- 
line solution. The animals were surgically prepared for 
transfer, and the ovaries and oviducts were exposed via 
a dorsal midline incision. Epinephrine (1 mmol/L; 500 
ul) was applied over the ovarian bursa. The ovarian 
bursa was opened with jeweler forceps to expose the 
fimbria. Embryos that had biopsy specimens taken were 





Acquisition rate Development rate 






Technique 


Aspiration 37/111 33.38 15/37 40.5" 
Displacement 70/105 66.7" 26/70 37.1" 
Total 107/216 49.5 41/107 38.3 





a, Significant difference (p = 0.003). b, Difference not sig- 
nificant. 


transferred into the oviduct with a 10 pl micropipette 
(~100 um inside diameter) attached to a SMI Micro- 
pettor (American Dade). Ten days after transfer four 
recipients were killed and the uteri were excised and 
evaluated for implantation. The remaining recipients 
were permitted to develop to term (21 days). 

Data were analyzed by the x” two-by-two contingency 
table. 

Guidelines for the care and use of the animals were 
approved by the Animal Care Committee of East Ten- 
nessee State University. 


Results 


A total of 232 four-cell and 216 eight-cell mouse 
embryos were evaluated with the two biopsy techniques. 
There was no significant difference in embryo survival 
rates with either the aspiration or the displacement bi- 
opsy technique at the four-cell (86.4% vs. 89.1%) or 
eight-cell (89.2% vs. 92.4%) stages (Table I). No sig- 
nificant difference was noted in overall survival rates 
of four-cell (87.9%) compared with eight-cell (90.7%) 
embryos that had biopsy specimens taken. There was 
also no significant difference in development rates 
{normal blastocyst formation) comparing the aspiration 
or displacement techniques at the four-cell (44.9% vs. 
46.1%) and eight-cell (80.8% vs. 87.4%) stages. How- 
ever, significant improvement in embryo development 
to the blastocyst stage was noted when biopsy was done 
at the eight-cell (79.6%) stage compared with the four- 
cell (45.6%) stage (p < 0.001). 
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Number of cells biopsied 
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` a,e,d: significant difference (p<0.61) 
b,e,f,g: significant difference (p<0.001) 


Fig. 3. Effect of cell loss on normal blastocyst formation in four-ceil embryos. 
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Fig. 4. Effect of cell loss on normal blastocyst formation in eight-cell embryos. 


The aspiration technique resulted in significantly 


lower blastomere survival (22.3%) when compared 
with the displacement (58.9%) biopsy technique (p = 
0.001; Table II). Many blastomeres were ruptured or 


damaged with the aspiration compared with the dis- . 
placement technique. However, no significant differ- .- 


ence in cell division was noted in those blastomeres that 
survived regardless of the biopsy technique (aspiration, 


26.1%; displacement, 35.5%). at the four-cell. stage. ” 
Overall, 33.3% of blastomeres that had been biopsied - 


. from four-cell embryos continued to develop in vitro 


(Table II). There was no significant difference in the | 


development rate of surviving cells when biopsies were 


done by aspiration (40.5%) compared with displace- 
ment (37.1%) at the eight-cell stage (Table III). The 
overall development rate of biopsied cells from eight- 
cell embryos was 38.3%. The displacement biopsy tech- 
nique resulted in a significant increase in the number 
of blastomeres that survived the biopsy procedure 


- intact (66.7%) compared with aspiration (33.3%; p = 


0.003; Table II). . 

‘There was no significant difference in cell acquisition 
rates whether biopsy was done at the four-cell (42.7%) 
or eight-cell (49.5%) stages. There was no significant 
difference in cell division of survival of blastomeres that 
had biopsy specimens removed from four-cell (33.3%) 
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Table IV. In vivo development of biopsied mouse embryos 


No. of cells l Implantation 
biopsied n siles 
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Stage Pups born 
4 -1 20 13 (65.0%) NA 
4 - =9 20 2 (10.0%) NA 
8 -2 19 8 (42.1%) NA 
8 -3 13 2 (15.4%) NA 
4 -1 18 NA 10 (55.6%) 
4 -2 20 NA 2 (10.0%) 
4 -2 10 NA 0 
8 -2 10 “NA 0 
8 -2 14 NA 0 
8° -3 13 NA 1 (7.7%) 
8 -3 20 NA 0 





NA, Not available. 


compared with eight-cell (38.3%) embryos. Biopsied 
blastomeres would only grow in vitro when cocultured 
with control embryos. 

A significant decrease in blastocyst formation was 
found after the removal of one (61%; p < 0.01), two 
(26%; p < 0.001), or three (0%; p < 0.001) blastomeres 
from four-cell BjD,F,/J embryos when compared with 
control embryos (zero cells removed; 85%) (Fig. 3). 
However, no significant decrease in blastocyst forma- 
tion was found compared with control embryos that 
did not undergo biopsy after the removal of one (72%) 
or two (67%) blastomeres from four-cell Swiss embryos 
(Fig. 3). The removal of three blastomeres from Swiss 
four-cell embryos resulted in a dramatic and significant 
decrease in survival to blastocyst (5%) compared with 
control embryos (81%) (p < 0.001) and also compared 
with removal of two blastomeres. When the effect of 
biopsy at the four-cell stage of both B,D,F,/J and Swiss 
mice was analyzed, a significant effect was found in the 
removal of one (65%; p < 0.01), two (42%; p < 0.001), 
or three (3%; p < 0.001) blastomeres compared with 
control embryos (84%) (Fig. 3). A significant difference 
(p < 0.01) was found in embryo development between 
BeD.F,/J (26%) and Swiss (67%) four-cell embryos 
when two blastomeres were removed, but not when one 
or three blastomeres were removed. 


No significant difference was found with regard to’ 


blastocyst formation after the removal of one (89%), 
two (76%), or three (85%) blastomeres from B,D.F;/J 
eight-cell embryos when compared with controls (zero 
removed; 94%) (Fig. 4). No significant difference was 
found on blastocyst formation after the removal of one 
(93%), two (80%), or three (71%) blastomeres from 
eight-cell Swiss embryos when compared with controls 
(zero removed; 84%) (Fig. 4). The removal of four or 
more blastomeres significantly affected normal blas- 
tocyst formation in both Swiss (0%) and B,D.F,/J mouse 
embroys (31%; p < 0.001; Fig. 4). A significant differ- 
ence was found on blastocyst formation after biopsy 
between strains (B,D.F,/J versus Swiss) and the number 


` of cells removed at the four-cell stage (Fig. 3). However, 


no strain-related differences were noted at the eight- 
cell stage (Fig. 4). 

Forty four-cell and 32 eight-cell embryos had biopsy 
specimens taken (one, two, or three cells removed) by 
the displacement technique, and transferred into pseu- 
dopregnant mice after 24 hours in culture (Table IV). 
Ten days after transfer the recipients were killed and 
implantation was evaluated. A total of 13 (65%) and 
two (10%) implantation sites were found when one and 
two cells, respectively, were taken as biopsy specimens 
from four-cell embryos (Table IV). A total of eight 
(42%) and two (15%) implantation sites were found 
when two and three cells, respectively, were taken as 
biopsy specimens from eight-cell embryos (Table IV). 
There was a significant difference in implantation rates 
between four-cell embryos (p = 0.001) with one and 
two cells removed by biopsies (Table IV). There was 
no significant difference in implantation sites between 
two- and three-cell removal in eight-cell embryos that 
had biopsy specimens taken, and no significant differ- 
ence in implantation sites between removal of one 
(four-cell) and two (eight-cell) blastomeres from em- 
bryos that had biopsy specimens taken. i 

A total of 48 four-cell and 57 eight-cell embryos had 
biopsy specimens taken (one, two, or three cells re- 
moved) by displacement and transferred into pseu- 
dopregnant mice after 24 hours in culture (Table IV}. 
Live births of 13 pups were noted (17 to 21 days) 
after transfer of 105 embryos (Table IV). A sig- 
nificant difference was found in term development 
after the biopsy of one (56%) and two (10%) blasto- 
meres from four-cell embryos (p = 0.0077) (Table IV). 
Only one recipient delivered a live pup after biopsy 
(three blastomeres removed) from an eight-cell embryo 


(7.7%). 


Comment 


Preimplantation embryonic biopsy with a displace- 
ment technique is superior to aspiration biopsy, and 
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allows twice as many viable blastomeres to be success- 
fully obtained. Because the purpose of embryonic bi- 
opsy is to obtain viable blastomeres for analysis, this is 
an important consideration. Aspiration results in a 
much greater incidence of traumatic damage to the 
blastomeres that are being removed. Blastomeré dam- 
age during biopsy could be attributed to secondary con- 
tact betweén the blastomere membrane and the glass 
pipette.’ With the displacement technique the blasto- 
meres are pushed through a hole in the zona pellucida, 
which appears to be less traumatic than aspiration. 

Because the displacement technique requires two 
punctures in the zona pellucida, there might be legit- 
imate concern that there could be greater damage to 
the embryos that have biopsy specimens taken. How- 
ever, half to three fourths of the embryos that had 
biopsy with the displacement (two zona hole) technique 
continue to develop to the blastocyst stage. The rate of 
blastocyst development after the displacement tech- 
nique was not significantly different compared with the 
aspiration technique. Although not statistically signifi- 
cant, a higher percentage of embryos did survive biopsy 
at both the four-cell and eight-cell stages and developed 
to the blastocyst stage when the biopsy specimen was 
obtained with the displacement technique. 

Although embryonic biopsy may be successfully done 
at either the four-cell or eight-cell stages, biopsy at the 
eight-cell stage offers several advantages. Biopsy at the 
eight-cell stage is technically easier because the blas- 
tomeres are smaller, and more blastomeres may be re- 
moved without a detrimental effect on the developing 
embryo. There is only a 59% to 67% acquisition rate 
(by displacement), and only one third of biopsied blas- 
tomeres undergo cell division; thus the ability to re- 
move several blastomeres for analysis from the eight- 
cell stage embryo without compromising development 
becomes an important consideration. Biopsy at the 
eight-cell stage and the removal of several blastomeres 
would provide greater potential for successful analysis 
or multiple or different analyses. Our data indicate that 
the removal of even one blastomere at the four-cell 
stage decreases the incidence of embryo survival from 
87% to 65%, and the removal of two blastomeres almost 
halves the number of embryos that develop to the blas- 
tocyst stage. However, a difference was noted between 
the B,D,F,/J and Swiss mouse strains. The removal of 
one blastomere from four-cell Swiss embryos did not 
significantly decrease development. 

Up to three blastomeres can be removed from the 
eight-cell embryo without significantly affecting blas- 
tocyst development in either Swiss or B,D,F,/J mice. 
However, on removal of four blastomeres, blastocyst 
development was markedly affected in both mouse 
strains. In B;DeF,/J embryos that had biopsy specimens 
taken, development decreased from 85% with the re- 
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moval of three blastomeres to 31% when four or more 
blastomeres were removed. The effect on Swiss mice 
was even more dramatic with a decrease from 71% 
blastocyst development when three blastomeres were 
removed to no survival when four blastomeres were 
removed. 

A difference in developmental potential of preim- 
plantation embryos that had biopsy specimens taken 
was noted between Swiss and BgD.F,/J mice. Dandekar 
and Glass’ previously noted that the in vitro devel- 
opment of embryos varied in different mouse strains. 

Wilton and Trounson’ reported that biopsied blas- 
tomeres from four-cell mouse embryos will only de- 
velop in vitro when cocultured in a monolayer system 
(e.g., fibronectin). Biopsied blastomeres taken from 
four- or eight-cell mouse embryos in our study were 
noted to divide only when cocultured with control em- 
bryos. Blastomeres from eight-cell embryos divided 
readily as four-cell embryos in vitro, suggesting equal 
mitotic potential. This finding is in agreement with 
prior reports.'" '? Cosby et al." suggested that cell de- 
termination occurs at or before the compacted eight- 
cell stage in the mouse. The enhancing effect of the 
coculture system on blastomere growth may be attrib- 
uted to growth factors or conditioned media produced 
by the control embryos. Hill’ has suggested that em- 
bryos produce growth factors. We are currently inves- 
tigating the effect of cocultured embryos in a serum- 
free medium on the.development of biopsied blasto- 
meres and embryos in vitro. 

Previous studies on embryo splitting have demon- 
strated the importance of critical mass (>50% embry- 
onic material) on implantation, fetal development, and 
live young born.’* '*'’ We report that the biopsy of 
preimplantation mouse embryos does not affect term 
development in the mouse. 
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Some electrical properties of human pregnant myometrium 
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Membrane properties of the human pregnant myometrium were investigated with the conventional 
microelectrode and patch clamp methods. The majority of preparations produced spontaneous action 
potentials at a very low frequency, and action potentials were inhibited in sodium-deficient or calcium-free 
solutions. With the patch clamp technique with 120 mmol/L cesium—20 mmol/L tetraethylammonium in 
the pipette, the inward current was evoked by a depolarizing pulse above — 40 mV from a holding 
potential of —60 mV and maximum amplitude was obtained at 0 mV. At a holding potential of ~ 100 mV, 


the inward current could be evoked with less positive depolarizing pulses, and the membrane potential that 
evoked the maximum amplitude of inward current was shifted to a more negative potential. Single-channel 
current recording revealed that two types of calcium channels existed in human pregnant myometrium, 

with single-channel conductances of 12 and 29 pS. One of the calcium channels (12 pS) was inactivated 
at a holding potential of — 60 mV. (Am J OssteT Gyneco 1990;162:1090-8.) 


Key words: Human myometrium, calcium channels, calcium current, ion channels 


Electrophysiologic properties of uterine smooth mus- 
cle cells were widely studied with pregnant rats and 
mice.'® By means of the intracellular microelectrode 
method, Osa? reported that the resting membrane po- 
tential of rat pregnant myometrium was approximately 
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—55 and —45 mV in the longitudinal and circular lay- 
ers, respectively, and the circular smooth muscle cells 
spontaneously produced action potentials with re- 
markable plateaus. Conversely, in the longitudinal mus- 
cle burst discharges of the spike potentials were re- 
corded. Electrical properties of human pregnant myo- 
metrium were investigated with the single sucrose-gap 
method.” * However, because only relative changes in 
the electrical responses could be recorded by this 
method, further information with regard to the elec- 
trical properties of human myometrium is required to 
reveal the nature of the membrane ion channel activ- 
ities. A goal of these experiments was to understand 
the electrical behavior of the human myometrium. For 
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this purpose we used both the microelectrode and patch 


clamp methods. 


Material and methods 


A small segment of the pregnant human myome- 
trium was dissected from the edge of the lower region 
of the uterus from patients (27 to 40 years old) un- 
dergoing cesarean section (lower segment). The op- 
erations were performed in late pregnancy (37 to 39 
weeks) before onset of labor pain. Informed oral con- 
sent was obtained from each patient before operation. 

For microelectrode experiments, small strips (5 x.20 
mm; | to 1.5 mm thick) were prepared under a bin- 
ocular microscope. Connective tissue attached to the 
surface of the muscle bundle was carefully removed 
with fine scissors. A microelectrode filled with 3 
mol/L potassium chloride (40 to 60 MQ) was inserted 
into the cell, and stimulating pulses were applied via 
the partition electrode method described by Abe and 
Tomita.’ Obtained results were monitored by a high- 
gain oscilloscope (VC-9, Nihon Kohden Kogyo Co., 
Tokyo) and stored by means of a videotape recorder 
(NV-F22; National Electric Co., Tokyo) through PCM 
data recording system (PCM-501ES; Sony Co., Tokyo). 
Traces were exhibited with a thermo-writing pen re- 
corder (RJG-4124; Nihon Kohden Kogyo) or an X-Y 
plotter (HP-7440A; Hewlett-Packard Co., San Diego). 

For patch clamp experiments, the uterine smooth 
muscle cells were dispersed enzymatically with 
collagenase (0.2 mg/ml: Clostridio peptidase A; 
Boehringer-Mannheim- Yamanouchi, Tokyo). The 
method used for single-cell preparation was similar to 
those reported by Okabe et al. For whole-cell voltage 
clamp experiments, a patch electrode was filled with 
the high potassium solution (142 mmol/L potas- 
sium) or the cesium-tetraethylammonium solution (120 
mmol/L cesium and 20 mmol/L tetraethylammonium) 
(electrode resistance 3 to 5 MQ). For single-channel 
current recording, the pipette solution contained 100 


mmol/L barium. A few drops of the cell suspension - 


were added in the chamber placed on the stage of an 
inverted difference-interference microscope (TMD- 
Diaphoto; Nikon Co., Tokyo). The patch electrode was 
controlled by means of an electronically driven three- 
dimensional micromanipulator (manipulator E; Leitz 
GmbH, Wetzler, Germany). 

Experimental protocol to obtain a GO. seal resistance 
was similar to that described by Hamill et al." For 
whole-cell voltage clamp, after GQ seal was achieved, 
the patch membrane was ruptured by negative pres- 
sure, and electrical responses were recorded with a 
patch clamp amplifier (CEZ-2200; Nihon Kohden Ko- 
gyo). For single-channel recording, after GQ seal was 
obtained, the high potassium-solution was superfused 
in the bath, and electrical responses were recorded 
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Fig. 1.Two types of spontaneously generated action potentials 
in smooth muscle cells of the human pregnant myometrium 
(A), and the electronic potentials and the current-voltage re- 
lationships recorded at three different distances (B and C). In 
A, a and 6 were obtained from two different preparations. B, 
Six traces of electronic potentials evoked by three different 
intensities of outward and inward current pulses are super- 
imposed. Recordings were made at distances of 0.22. 0.67, 
and 1.22 mm from the partition stimulating electrode. In this 
preparation a large outward current evoked only an abortive 
action potential. C, The current-voltage relationships obtained 
at three different distances from the partition electrode. Open 
circles, 0.22 mm; open triangles, 0.67 mm; open squares, 1.22 
mm, Curves were drawn by eye. Data in B and C were obtained 
from the same preparation. 


through a patch clamp amplifier with a high-resistance 
feedback resistor (EPC-7; List Medical Electronics 
GmbH, Darmstadt). All records were monitored with 
high-gain storage oscilloscope (VC-10; Nihon Kohden 
Kogyo) and stored with a conventional videotape re- 
corder through the PCM data recording system. Traces 
were analyzed on a digital storage oscilloscope (4049B; 
Nicolet Inst. Co., Madison, Wis.), and a hard copy was 
obtained with an X-Y plotter (HP-7440A: Hewlett- 
Packard). Microelectrode experiments were performed 
at 35° + 1° C, and patch clamp experiments were per- 
formed at room temperature (22° to 27° C). 
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Fig. 2. Relationship between membrane potentials and various extracellular potassium concentrations 
in the presence of two different concentrations of sodium. Open circles, For potassium-deficient 
.solutions, potassium chloride was replaced with equimolar amount of sodium chloride, and for 
excess potassium solutions, sodium chloride was replaced with an equimolar amount of potassium 
chloride. The concentrations of sodium in. the various excess potassium solutions are indicated in 
the figure. Open triangles, Part of the sodium chloride was replaced with an equimolar amount of 
Tris chloride, and Tris chloride was replaced with equimolar amount of potassium chloride for the 
high-potassium solutions. z i l 
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Solutions. The following solutions were used: phys- 
iologic salt solution, high-potassium solution, cesium- 
tetraethylammonium solution, 100 mmol/L barium so- 
lution, sodium-deficient solution, and calcium-free so- 
lution. Ionic compositions of these solutions are listed 
in Table I. The pH of Krebs solution, sodium-deficient 
solution, and calcium-free solution was kept at 7.3 + 
0.05 by aeration with a gas mixture of 97% oxygen and 
3%’carbon dioxide. The pH of the other solutions was 
adjusted to 7.25 + 0.05 by 10 mmol/L HEPES (N’-2- 
hydroxyethylpiperazine-N’-2-ethanesulfonic acid) ti- 
trated with Tris [tris(hydroxymethyl)aminomethane]. 

Drugs. The drugs used were tetrodotoxin (TTX, 
Sankyo Co., Tokyo), tetraethylammonium chloride 
(TEA, Katayama Chemical Co., Osaka), and 4-amino- 
pyridine (Tokyo Kasei, Tokyo). All drugs were dis- 
solved in deionized water and diluted to the final con- 
centrations in the appropriate solution. 


Results 


Membrane potentials measured with intracellular 
microelectrodes. The resting membrane potential of 
the human myometrium was ~50 + 0.5 mV (n = 50), 
and in the majority of preparations the action potential 
was spontaneously generated. However, in some prep- 
arations action potentials could be recorded only by 
application of electrical stimulation. The shapes of the 
spontaneously generated and evoked action potentials 
were classified into two groups, namely, spike and pla- 
teau types. Examples of two types of spontaneously 
generated action potentials are illustrated in Fig. 1, A. 
In general, the plateau-type action potential appeared 
with very low frequency (every 1 to 10 minutes) as 
shown in Fig. 1, A, part a, and the spike-type action 
potential (Fig. 1, A, part b) was seen with relatively 
higher frequency (every few seconds to 1 minute). 

Fig. 1, B shows the electrical responses evoked by 
various intensities of stimulation recorded at three dif- 
ferent distances from the stimulating partition. In this 
preparation, sufficient outward current stimulation 
produced abortive action potentials. When the ampli- 
tudes of the electrotonic potentials were plotted, out- 
ward rectification was observed (Fig. 1, C). If the cable 
equation could be applied to the tissue, there would be 
a logarithmic relationship between the amplitude of the 
electrotonic potential and the distance from the stim- 
ulating electrode. Such a relationship was observed in 
this tissue at any given current intensity. The space 
constant calculated from the slope of decay of the elec- 
trotonic potentials as a function of the distance from 
the stimulating electrode had a mean value of 1.0 + 0.1 

‚mm (n = 4). The membrane time constant. was calcu- 
lated from the relationship between the time to reach 
the half amplitude of the electrotonic potential at the 
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Fig. 3. Inhibition of the action potentials (evoked by electrical 
stimulations) produced in Krebs solution (a), by replacing with 
the calcium-free solution (b), or calcium-free plus sodium- 
deficient (15.5 mmol/L) solution (c). In b and c, three different 
intensities of stimulations (depolarizing and hyperpolarizing) 
were applied. Anodal-break excitation also occurs in part a. 


steady state and the distance from recording electrode 
to the stimulating electrode. The slope of the line rep- 
resents the relationship of 7/2," where 7 and à are 
the time constant of the membrane and space constant 
of the tissue, respectively. The time constant measured 
by this procedure was 396 + 46 milliseconds (n = 4). 

Changes in membrane potential in various concen- 
trations of extracellular potassium were plotted in Fig. 
2. Reduction of sodium to 15.5 mmol/L (from 137.4 
mmol/L) hyperpolarized the membrane (—50.0 + 
3.5 vs. ~60.2 + 2.5 mV). The maximum slope of the 
curve for a tenfold change in [K], (logarithmic scale) 
was 42 mV in case of usual substitution and 54 mV per 
decade in the case of sodium-deficient condition. These 
results suggested that the resting potential is primarily 
influenced by permeability for potassium ion, but so- 
dium permeability also has an important role. 

To investigate the ionic mechanism of generation 
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Fig. 4. Effects of tetraethylammonium (1 and 10 mmol/L) on the membrane current recorded from 
a single smooth muscle cell dispersed from the human pregnant myometrium. The membrane was 
held at — 60 mV. The high-potassium (0.3 mmol/L EGTA) solution was in the pipette, and physiologic 
salt solution was superfused in the bath. A, Examples of the membrane currents evoked by three 
different amplitudes of depolarizing pulses (— 20, 0, and +20 mV; 800 msec:in duration). Three 
traces of membrane currents recorded in the presence (1 and 10 mmol/L) and absence of tetra- 
ethylammonium were superimposed. B, Current-voltage plots of the data from this cell. open circles, 
Control; solid circles, | mmol/L tetraethylammonium; solid triangles, 10 mmol/L tetraethylammonium. 


of the action potential, the calcium-free or sodium- 
deficient solution was superfused in the bath. As shown 
in Fig. 3, action potentials with a marked plateau phase 
were evoked by either depolarizing or hyperpolarizing 
(anodal-break response) stimulation (Fig. 3, a). After 
superfusion of the calcium-free solution (containing 2.5 
mmol/L magnesium) in the same tissue, electrical stim- 
ulation of the same intensity as in normal physiologic 
salt solution did not produce an active response 
(Fig. 3, b, first set of traces). Increase in the ampli- 
tude of the hyperpolarizing pulses produced larger 
amplitude of electrotonic potential, and larger depo- 
larizing pulses evoked an abortive action potential (local 
response) superimposed on the electrotonic potential 
(Fig. 3, b, third set of traces). Superfusion of the 
sodium-deficient (15.5 mmol/L) and calcium-free so- 
lution increased amplitudes of the electrotonic poten- 
tial and inhibited any active response (Fig. 3, c). These 
results indicated that action potentials of the human 
myometrium are influenced by both extracellular cal- 
cium and sodium ions. 

General features of membrane current measured 
with the patch clamp technique from dispersed myo- 
metrial cells. To elucidate the membrane currents and 
ion channels responsible for generating the action po- 
tential, patch clamp experiments (with whole-cell and 
cell-attached configurations) were performed using sin- 
gle smooth muscle cells dispersed from the human 


pregnant myometrium. The current-voltage relation- 
ship in the presence and absence of tetraethylammo- 
nium (1 and 10 mmol/L) and examples of the current 
traces are illustrated in Fig. 4. In this experiment, 
physiologic salt solution was superfused in the bath 
and the high-potassium solution [4 mmol/L ethylene 
glycol-bis (B-aminoethyl ether)N,N,N,’,N’-tetraacetic 
acid (EGTA)] was in the pipette. A depolarizing pulse 
to —20 mV, from a holding potential of —60 mV, 
evoked a small transient inward current followed by a 
sustained outward current. Larger depolarizing pulses 
produced larger outward currents, but the inward cur- 
rent disappeared when the depolarizing pulse ex- 
ceeded +20 mV. Concentrations of 1 mmol/L (solid 
circle) markedly and 10 mmol/L (solid triangle) te- 
traethylammonium completely inhibited the outward 
current (Fig. 4, B). The outward current evoked by a 
depolarizing pulse to 0 mV was also inhibited by ap- 
plication of 1 mmol/L 4-aminopyridine to two thirds 
of control (data not shown). 

The amplitude of inward current was increased 
in proportion to concentrations of calcium, and the 
inward current was blocked by application of 0.1 
mol/L nicardipine or D600 or by superfusion of the 
calcium-free (containing 2.5 mmol/L manganese) phys- 
iologic salt solution. To study the inward current, the 
outward current was eliminated by use of a patch elec- 
trode filled with the cesium-tetraethylammonium so- 
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lution and physiologic salt solution was superfused in 
the bath. The inward current was depressed by appli- 
cation of 0.1 pmol/L nicardipine or D600 (data not 
shown). 

Fig. 5 shows the current-voltage relationships and 
examples of traces recorded at holding potentials of 
—60 and — 100 mV. When the membrane was held at 
~60 mV, a depolarizing pulse to ~40 mV could evoke 
a sustained inward current (Fig. 5, A, third row trace, 
open circle) and depolarization to 0 mV produced a 
transient inward current as well as a sustained inward 
current (Fig. 5, A, first row trace, open circle). When 
the membrane was held at — 100 mV, transient inward 
current was recorded by application of all three de- 
polarizing pulses, (Fig. 5, A, solid circle). As shown in 
Fig. 5, B, the maximum amplitude of inward current 
was evoked by a depolarizing pulse to 0 mV when the 
holding potential was —60 mV (open circle), but the 
maximum amplitude of the depolarizing pulse was 
shifted to -20 mV when the holding potential was 
— 100 mV (solid circle). When the current traces ob- 
tained at the holding potentials of -60 and — 100 mV 


were superimposed, the amplitudes of the inward cur- ` 


ent measured at the end of the depolarizing pulse were 
approximately the same (Fig. 5, A, traces in left col- 
umn). Traces at the right side in Fig. 5, A, show the 
inward currents that were obtained by subtracting 
the two inward currents evoked from the holding po- 
tentials of —100 and —60 mV (open triangle). The 
current-voltage relationship of the subtracted inward 
current was also shown in Fig. 5, B (open triangle), and 
the maximum amplitude of this inward current com- 
ponent was obtained at approximately — 30 mV. These 
results suggest that in human pregnant myometrium, 
there are two types of calcium channels that are clas- 
sified as fast (transient: T-type) and slow (long-lasting: 
L-type) components. 

Single calcium channel current recorded with the 
patch clamp method. To confirm the above hypothe- 
sis, single calcium channel currents were recorded by 
means of the patch clamp technique with the cell- 
attached configuration (Fig. 6). To simplify the esti- 
mation of the membrane potential of the patch, 142 


mmol/L potassium solution was superfused in the bath. | 


Therefore the membrane potential became 0 mV, ex- 
cept the patch area, and the patch membrane was held 
at —60 or —100 mV. When the membrane was held 
at — 100 mV, depolarization to above — 60 mV evoked 


steplike inward current reflecting channel openings. | 


Increase in amplitude of the depolarizing pulses re- 
duced the amplitude of the inward current as expected 
because of the reduced driving force (Fig. 6, A, part 
a). The relationship between the amplitude of the single 
calcium channel current and the depolarizing potential 
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Fig. 5. The inward calcium current recorded from single 
smooth muscle cells isolated from human pregnant myome- 
trium. The high-cesium solution was in the pipette to isolate 
the calcium current. Physiologic salt solution (2.5 mmol/L cal- 
cium) with 1 pmol/L tetrodotoxin was superfused in the bath. 
A, Traces in the left column were recorded by applications of 
depolarizing pulses (300 msec in duration) to ~ 40, — 20, and 
0 mV from holding potentials of -60 mV (open circles) and 
— 100 mV (solid circles). Traces in the right column were ob- 
tained by subtracting inward currents recorded at the holding 
potential of - 60 mV from those obtained at the holding po- 
tential of ~ 100 mV. B, The current-voltage relationships ob- 
tained at the holding potentials of —60 mV (open circles) and 
—100 mV (solid circles). The current-voltage relationship of 
the subtracted current (open triangles) was also plotted. The 
amplitudes of the inward currents were measured at the peak. 


showed a linear relation, and the single-channel con- 
ductance of 12.2 pS was calculated (Fig. 6, 8). When 
the patch membrane was held at — 60 mV, another type 
of single-channel current was evoked. The amplitude 
of this single-channel current was larger than those 
obtained at the holding potential of — 100 mV (when 
compared with the same membrane potential, compare 
Fig. 6, A, parts a and b). The slope conductance of this 
channel was 28.8 pS (Fig. 6, B, open circle). The chan- 
nels with conductance of 12 pS were rarely seen at any 
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Fig. 6. Single calcium channel currents observed at various amplitudes of depolarizing pulses from 
the holding potentials of —100 and —60 mV (A) and the current-voltage relationships (B). The 
pipette contained 100 mmol/L barium and the high-sodium solution was superfused in the bath. 
A, a, The membrane was held at —100 mV and various amplitudes of depolarizing pulses (150 
milliseconds in duration) indicated at the right side were applied. A, b, The membrane was held at 
—60 mV and various amplitudes of the depolarizing pulses indicated at the left side were applied. 
B, The current-voltage relationships of the single calcium channel currents recorded at two different 
holding potentials (solid circles, — 100 mV; open circles, -60 mV). 


depolarizing pulse from the holding potential of 
—60 mV. i 

Fig. 7 shows examples of the traces of the single 
calcium channel currents recorded at membrane po- 
tentials of -30 mV and 0 mV from the holding po- 
tentials of —100 mV and —60 mV, respectively. De- 
polarizing pulses were applied every 15 seconds in both 
cases. Bottom traces (Fig. 7, A, part a, and B, part b) 
show the summated inward currents of 50 records of 
single-channel currents (obtained at two different hold- 
ing and command potentials). With the holding poten- 
tial of — 100 mV, 121 stimuli were required to obtain 
the 50 traces in which there was at least one channel 
opening. Conversely, at the holding potential of — 60 
mV, 86 stimuli were necessary to obtain the same num- 
ber of current traces. When the individual single- 
channel currents were summated, a transient inward 
current was obtained at the — 100 mV holding potential 
(Fig. 7, A, part b) and a sustained inward current was 
obtained at the —60 mV holding potential (Fig. 7, B, 
part b). These results were in agreement with the 
whole-cell inward current. 


Comment 

In these experiments we found that there were two 
types of calcium channels distributed in the smooth 
muscle cells of the human pregnant myometrium. One 
of the calcium channels had a single-channel conduct- 


ance of 12 pS, and was only activated by depolarizing 
pulses from a holding potential of — 100 mV; this chan- 
nel was inactivated at a holding potential of —60 mV. 
The second type of calcium channel had a single- 
channel conductance of 29 pS, and was activated by 
depolarizing pulses from a holding potential of — 60 
mV. Summated currents (from 50 traces) also showed 
different time courses for current relaxation; that is, 
the 12 pS calcium channel (transient type) was rapidly 
inactivated, whereas the 29 pS calcium channel (long- 
lasting type) was slowly inactivated. These results were 
in good agreement with the experiments that used the 
whole-cell voltage clamp technique. Because our mi- 
croelectrode experiments indicated that the resting po- 
tential was only about — 50 mV, the majority of the 12 
pS calcium channels are likely to be inactivated at the 
normal resting potential. 

There are many reports of electrical activity of the 
myometrium from the rat and mouse,'* but only a few 
reports have been published on the human myome- 
trium.”* '° In these experiments, the resting potential 


. of the human pregnant myometrium was ~ 50 mV, and 


this value was slightly lower than those observed in the 
rat circular muscle cells (~45 mV)" or in human myo- 
metrium reported by Nakajima" (— 46.4 mV). In con- 
trast, these findings are similar to those observed in the 
longitudinal muscle cells of the pregnant rat uterus.* 
The maximum slope of the potassium-depolarization 
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curve obtained in these experiments was approximately 
42 mV, which is smaller than that expected from the 
Nernst equation. This slope became steeper in the 
sodium-deficient solution, suggesting substantial con- 
tribution of the sodium permeability to the resting po- 
tential. i 

The space constant for the human pregnant myo- 
metrium that we measured (1.0 mm) was smaller than 
those reported for the longitudinal muscle layer of the 
pregnant mouse and rat myometria'* (approximately 
3.0 mm), but similar to that of the circular muscle (1.4 
mm).* In the pregnant rat myometrium, longitudinal 
muscle cells produced burst discharge and circular 
muscle cells produced spikes with a well-developed pla- 
teau potential.? However, in human myometrium, def- 
inition of the longitudinal and circular muscle layers 
was difficult because of the complexity of the direction 
of the muscle bundles, and therefore it was uncertain 
in these experiments whether each preparation con- 
tained longitudinal or circular muscle cells. In these 
experiments two types of action potentials (spike and 
plateau types) were observed, as reported by Kawara- 
bayashi et al. However, the number of observations 
was too small to clarify any relationship between the 
spike type of potential and the value of the space con- 
stant. , 

With circular muscle of pregnant rat myometrium, 
Osa and Kawarabayashi’ reported that the plateau po- 
tential was inhibited by reduction of either external 
sodium or calcium concentration. Therefore the action 
potential recorded in the myometrium might bea result 
of activation of both sodium and calcium channels. In 
human myometrium, spontaneously generated action 
potentials were abolished in calcium-free solution.* Our 
results confirmed the importance of calcium and so- 
dium ions for generation of the action potential in hu- 
man myometrium, although we failed to record the 
sodium current, possibly because of a rapid inactivation 
of the sodium current or small contribution to the total 
inward current. The possibility that the transient-type 
current might be the sodium current could be ex- 
cluded, because the 12 pS channel could be recorded 
in 100 mmol/L barium (sodium-free solution), and the 
same current-voltage relationships could be obtained 
in the sodium-free (tetraethylammonium-containing) 
solution. i 

Two types of the calcium channel currents (transient- 
and long-lasting-types) have been recorded in various 
smooth muscle cells. The values of the single-channel 
conductances obtained in these experiments were sim- 
ilar to those reported for rabbit ear artery’ and guinea 
pig taenia coli. The physiologic importance of the 
long-lasting-type current is possibly related to the for- 
mation of plateau potential, judging from its higher 
threshold potential and slower inactivation. Activation 
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Fig. 7. Single calcium channel currents evoked by depolarizing 
pulses to —- 30 mV from a holding potential of — 100 mV (A) 
and to 0 mV from a holding potential of —60 mV (B). De- 
polarizing pulses were applied every 15 seconds. In A, a. and 
B, b, individual records evoked by each depolarizing pulse are 
illustrated. In A, b, and B, b, the summated single calcium 
channel currents of 50 traces are also presented. The fraction 
indicated at the upper side of the illustrated records denotes 
the number of “nonblank” sweeps per total number o? de- 
polarizing pulses. “Nonblank” sweeps are traces in which sin- 
gle calcium channel currents occur. 


of the transient-type calcium channel may be respon- 
sible for the spike component, and it may trigger the 
activation of the long-lasting-type calcium channel. 
However, since at the resting potential of —50 mV, a 
large fraction of the transient-type calcium channel is 
inactivated, precise ionic mechanism for generation of 
the action potential is still unknown. To understand the 
physiologic role of these channels, it is necessary to 
investigate the changes in the number of each type of 
calcium channel with regard to the stage of pregnancy, 
and the pharmacologic natures of these channels, such 
as sensitivity to oxytocin or prostaglandins. 
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Oncogenic transformation by human papillomavirus type 16 
deoxyribonucleic acid in the presence of progesterone or 
progestins from oral contraceptives 


Alan Pater, PhD,’ Mahin Bayatpour, MD,” and Mary M. Pater, PhD* 


St. John’s, Newfoundland, Canada, and Fresno, California 


Compelling evidence supports a role of certain types of human papillomaviruses as the cause of cervical 
cancer. In addition to human papillomaviruses, other agents, such as hormones, have been implicated as 
cofactors in this type of neoplasia. In this study we provide evidence for oncogenic transformation of 
primary baby rat kidney cells by human papillomavirus type 16 deoxyribonucleic acid plus ras oncogene in 
the presence of progesterone but not estrogen. Integrated and intact human papillomavirus type 16 
deoxyribonucleic acid is present and expressed in ail the five progesterone-transformed colonies that we 
‘examined. Moreover, all these cell lines are capable of anchorage-independent growth and induce tumors 
in syngeneic animals. We also observed oncogenic transformation with human papillomavirus type 16 
deoxyribonucleic acid plus ras in the presence of ethanol-soluble extracts from two brands of commonly 
used oral contraceptive tablets. No transformation is achieved in the presence of ethanol-soluble extracts 
from the inert tablets, provided in packages of each brand of oral contraceptive. These results may have 
implications for a papillomavirus-hormone link to cervical neoplasia. (AM J Osstet GYNecoL 1990;162: 


1099-103.) 


Key words: Human papillomavirus, progesterone, norgestrel, oncogenic transformation 


Squamous cell carcinoma of the uterine cervix is the 
second most common female cancer in the world.' A 
large body of evidence points to a sexually transmitted 
infectious agent as the cause of this cancer.’ In this 
regard, the role of human papillomaviruses (HPVs) in 
the flat condyloma of the cervix has been well docu- 
mented.** Moreover, histologic studies have shown that 
these lesions are frequently associated with dysplasia 
and progress to carcinoma in situ and invasive carci- 
noma.” ‘ Recent studies with the techniques of deoxy- 
ribonucleic acid (DNA) hybridization and molecular 
cloning have shown the presence and expression of 
HPV 16 and 18 DNA in 70% to 80% of tumors and 
tumor cell lines of the cervix.** In addition to HPVs, 
other agents, such as hormones and tobacco products, 
have been epidemiologically implicated as cofactors in 
the cause of cervical neoplasia.” Several studies have 
indicated a higher risk of cervical neoplasia in users of 
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oral contraceptives. ° Hormonal changes may also 
have a role in the observed increased prevalence of 
HPV in the lower genital tract of women during preg- 
nancy.'' Moreover, a higher risk of cervical neoplasia 
has been associated with women who have had more 
pregnancies." The mechanism of activation of in- 
fection and oncogenesis may involve the presence 
and expression of a glucocorticoid-responsive element 
in the noncoding region of HPV 16 DNA.” More re- 
cently we reported glucocorticoid-dependent onco- 
genic transformation of baby rat kidney cells with a 
combination of HPV 16 DNA and the activated form 
of the human ras oncogene." It has been known that 
very similar nucleotides confer responsiveness to glu- 
cocorticoids and progesterone.” In this report we pro- 
vide evidence for oncogenic transformation by the com- 
bination of HPV 16 DNA and ras oncogene in the pres- 
ence of either progesterone or the chemically related 
progestin, norgestrel, which is the pharmacologically 
active component of oral contraceptives. No transfor- 
mation is achieved by HPV 16 DNA plus ras oncogene 
in the presence of estrogen. 


Material and methods 


Transfection and transformation assays. Kidneys 
from 8- to 10-day-old inbred Fischer rats were minced 
and trypsinized, and the baby rat kidney cells were 
plated in Dulbecco’s modified Eagle medium con- 
taining 10% fetal bovine serum and penicillin- 
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Fig. 1. Southern blot analysis of DNA from transformed col- 
onies. High-molecular-weight DNA (10 pg per well) was 
cleaved with either a noncut (Xba I), a single-cut (BamHI), or 
a multicut (BamHI-Pst I) restriction enzyme. HPV 16 DNA 
(100 pg per well) was used as marker. Samples Z to 5 are DNA 
from five monoclonal cell lines. 


EG-E7 


HPV 16 





Fig. 2. Analysis of RNA in the transformed cells. Northern 
blot analysis of RNA (5 wg per well) was in formaldehyde gels. 
Hybridization was with either total HPV 16 DNA as probe or 
the E6-E7 fragments of HPV 16 DNA (Pvu H-Sph 1 fragment) 
as probe. CaSki’ RNA (2 pg per well) was used as marker. 
Lanes / to 5 are RNA from the five monoclonal cell lines of 
Fig. 1. 


streptomycin. The cells were then transfected with 10 
ug of each of HPV 16 DNA and the activated form of 
the Ha-ras-1 oncogene" and maintained in media con- 
taining 2% fetal bovine serum (without treatment) ei- 
ther with or without 10°° mol/L progesterone (4- 
pregnene-3,20-dione) or estrogen (178-estradiol). The 
cells were incubated for colony formation for 2 to 3 
weeks. Media were changed on a weekly basis. Hor- 
mones were first dissolved in 95% ethanol and then 
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Fig. 3. Colony formation of transformed baby rat kidney cells 
in soft agar. Cells (3 x 10' cells per dish) were plated in 0.28% 
agar. The media containing agar also contained 10°? mol/L 


progesterone. Numbers / to ¢ are agar plates of clones 1 to 
4 of Fig. I. 


added to the media to provide a final concentration of 
10-78 mol/Lin 1% ethanol. Asa control, cells transfected 
with HPV 16 plus ras were incubated in media con- 
taining 1% ethanol. Each tablet of the first brand of 
oral contraceptives contained 0.15 mg of levonorgestrel 
and 0.03 mg of ethinyl estradiol. Each tablet of the 
second brand of oral contraceptives contained 0.125 
mg of levonorgestrel and 0.03 mg of ethinyl estradiol. 
Guidelines for the care and use of animals approved 
by Memorial University were followed. 

Analysis of DNA and ribonucleic acid (RNA) from 
the transformed cells. High-molecular-weight DNA 
was isolated from the transformed colonies by pronase 
treatment, phenol extraction, and subsequent ethanol 
precipitation.’ Southern blot hybridization after cleav- 
age with the indicated restriction enzymes was as pre- 
viously described. Total cell RNA was isolated and 
used for northern blot analysis as described. HPV 16 
DNA was used as probe. 


Results 


Oncogenic transformation by HPV 16 DNA in the 
presence of progesterone. Primary epithelial baby rat 
kidney cells were grown to subconfluency. HPV 16 
DNA cloned at its unique BamHI site in the late region 
was cotransfected with the activated form of the human 
Ha-ras oncogene into baby rat kidney cells as de- 
scribed. The cells were then incubated in media con- 
taining either progesterone or estrogen. Only the cells 
transfected with HPV 16 DNA and ras incubated in the 
presence of progesterone were capable of colony for- 
mation. This is consistent with the preliminary results 
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Fig. 4. Southern blot analysis of DNA from baby rat kidney 
cells transformed by a combination of HPV 16 DNA and ras 
oncogene in the presence of ethanol-soluble extracts from two 
different brands of oral contraceptives. Lanes 7 and J-P are 
DNA from a monoclonal and a polyclonal cell line, respec- 
tively, transformed in the presence of ethanol-soluble extract 
from the first brand of oral contraceptives. Lanes 2 and 2-P 
are DNA from a monoclonal and a polyclonal cell line, re- 
spectively, transformed in the presence of extract from the 
second brand of oral contraceptives. 


reported earlier." No colonies were observed for cells 
transfected with HPV 16 DNA plus ras and incubated 
in the presence of estrogen or media containing 1% 
ethanol. 

We examined the status of viral DNA from five se- 
lected colonies. High-molecular-weight DNA was iso- 
lated and used for Southern blot analysis. The results 
of cleavage of cellular DNA with the restriction endo- 
nuclease, Xba I, which does not cleave HPV 16 DNA, 
and subsequent blot hybridization reveals that viral 
DNA is present in high-molecular-weight DNA, indi- 
cating integration within cellular DNA (Fig. 1). The 
results of cleavage with BamHI shows the presence of 
full-length 8 kb pair HPV 16 DNA (Fig. 1). Further 
cleavage with a combination of BamHI and Pst I shows 
the presence of the complete, unrearranged viral DNA 
(Fig. 1). 

To determine whether viral DNA was expressed in 
these cells, northern blot analysis of total RNA, with 
HPV 16 DNA as probe, was undertaken (Fig. 2). All 
the transformed colonies contain RNA hybridizing with 
HPV 16 DNA. To determine whether the E6-E7 region 
of viral DNA, which is retained and expressed in cer- 
vical tumor cells** and is also responsible for in vitro 
transformation of primary rodent cells'” * is expressed, 
northern blot analysis of total RNA with this region of 
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Fig. 5. Northern blot analysis of total RNA from the cells 
numbered as in Fig. 4. Conditions of RNA hybridization are 
as in Fig. 2. 


viral DNA as probe was undertaken. Two major bands 
(4.5 and 1.5 kb) hybridize with the E6-E7 region of 
HPV 16 DNA (Fig. 2). 

We next examined the oncogenicity of the trans- 
formed cells by examining their ability for anchorage- 
independent growth. As seen in Fig. 3, these cells are 
capable of growth in soft agar. We also examined the 
ability of these cells to induce tumors in suckling rats. 
Subcutaneous injection of 5 x 10° cells per animal (two 
animals per cell line) resulted in the appearance of 
tumors in all the injected rats within 2 weeks. These 
tumors progressed until the animals had to be killed 
within 2 months. 

Oncogenic transformation in the presence of pro- 
gestins. Progestins, which are progestational hormones 
chemically related to progesterone, are the pharma- 
cologically active components of oral contraceptives. To 
assay for oncogenic transformation by HPV 16 DNA 
plus ras in the presence of such compounds, we used 
ethanol-soluble extracts from two commonly used 
brands of oral contraceptives that contain norgestrel as 
their active component. The tablets were crushed into 
powder and resuspended in sufficient volume of 95% 
ethanol to obtain a final concentration of 10°* mol/L 
in 1% ethanol when added to the growth media. The 
ethanol-soluble extract was filtered and added to media 
used for transformation assays. Colonies could be de- 
tected within 2 weeks when baby rat kidney cells were 
transfected with HPV 16 DNA plus ras and incubated 
in the presence of media containing this extract. No 
transformation could be achieved when ethanol-soluble 
extract from an equal number of inert tablets, provided 
in the respective packages for each brand of oral con- 
traceptives, was added to the media. As stated earlier, 
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no transformation was observed when baby rat kid- 
ney cells transfected with a combination of HPV 16 
DNA plus ras were incubated in the presence of estro- 
gen. Therefore it is unlikely that transformation with 
ethanol-soluble extract from the oral contraceptive tab- 
lets is a result of the presence of estrogen in these pills. 

We examined the status of viral DNA in one mono- 
clonal and one polyclonal cell line transformed by HPV 
16 DNA plus ras in the presence of ethanol-soluble 
extract from each pill. Southern blot analysis revealed 
the presence of intact viral DNA integrated as tandomly 
repeated copies in thes cells (Fig. 4). Whether the first 
contraceptive produces cell lines with greater number 
of copies of HPV DNA, as may be suggested by the 
results, is uncertain without a more detailed analysis of 
a larger number of cell lines. In addition, viral RNA 
hybridizing with both total HPV 16 DNA and E6-E7 
region could be detected in these cells (Fig. 5). We also 
examined the ability of these cells to induce tumors in 
syngeneic animals. Injection of 5 x 10° cells per rat 
(one animal per cell line) resulted in the appearance of 
tumors in all animals that received injections. 


Comment 


Squamous cell carcinoma of the uterine cervix is one 
of the most common cancers among women. Specific 
HPV types are found in more than 90% of cervical 
tumors, thus implicating them as causative agents. The 
most common HPV type associated with these neopla- 
sias is type 16" * and its related HPV types 31 and 33. 
The results of our studies in this report indicate that 
oncogenic transformation of baby rat kidney cells by 
HPV 16 DNA is dependent on the presence of pro- 
gesterone or its closely related derivative, norgestrel. 
Moreover, oncogenic transformation of baby mouse 
kidney cells with a combination of HPV 16 and ras 
oncogene in the presence of the closely related deriv- 
ative of progesterone R5020 has been reported re- 
cently. [mmortalization of primary epithelial kerati- 
nocytes from human foreskin by HPV 16 DNA has been 
reported by several groups.'” “" However, no infor- 
mation is available on whether the presence of pro- 
gesterone or other progestational hormones in growth 
media would affect either viral transformation fre- 
quency or transformation phenotype. 

Further studies are needed to determine whether the 
expression of HPV 16 in epithelial cells of the cervix 
is affected by these hormones and whether in vitro 
transformation of epithelial cells of the cervix by HPV 
16 can be achieved in the presence of these hormones. 
Moreover, the results of this study together with the 
information from epidemiologic data” " necessitate fu- 
ture studies to determine whether infection of the cer- 
vix by HPVs, especially in women who use oral con- 

raceptives, carries an increased risk of cervical cancer. 
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It is also important to determine whether the higher 
risk of cervical neoplasia in women with multiple preg- 
nancies is related to simultaneous infection by HPVs 
and a rise in the level of progesterone during preg- 
nancy, while considering the related socioeconomic fac- 
tors such as age at first coitus, number of sexual part- 
ners, and lower income. 


The excellent technical assistance by G. Hughes and 
D. Hyslop is acknowledged. We thank L. Gissmann and 
H. zur Hausen for supplying HPV 16 DNA and also 
K. Ross. 
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Endothelin increases cytoplasmic calcium and myosin 
phosphorylation in human myometrium 


R. Ann Word, MD," Kristine E. Kamm, PhD, James T. Stull, PhD,’ and 


M. Linette Casey, PhD*=* ° 
Dallas, Texas 


Endothelin, a recently discovered sarafotoxin-like peptide secreted by endothelial celis, is a potent 
stimulator of vascular smooth muscle contraction. We found that the action of endothelin is not restricted 
to the vasculature; we demonstrated that endothelin causes an increase in the concentration of 
intracellular Ca++ and phosphorylation of the 20 kd light chain of myosin in human uterine smooth muscle 
cells in culture. In the absence of Ca** in the buffer medium of myometrial cells, the effects of endothelin 
on intracellular Ca** and myosin light chain phosphorylation are attenuated but not abolished. Endothelin 
also increases the frequency of contraction of human uterine smooth muscle (longitudinal and circular). 
The contractile effects of endothelin on myometrial strips are diminished in the presence of nifedipine. We 
conclude that (1) human myometrium is responsive to endothelin, (2) endothelin promotes contraction in 
myometrium by effecting an increase in intracellular Ca** and thus an increase in myosin light chain 
phosphorylation, and (3) endothelin acts in myometrium by stimulating Ca** influx as well as Ca++ 
release from intracellular stores. (AM J OssTeT GYNECOL 1990;162:1 103-8.) 


Key words: Endothelin, uterus, myometrium, uterotonin, calcium, smooth muscle, myosin 


light chain 


Endothelin, a potent vasoconstrictor peptide (21 
amino acids), has been isolated from conditioned media 
of cultured porcine endothelial cells.’ Vasoconstrictive- 
pressor action of this peptide has been demonstrated 
in rat vascular tissue?; and in rat aortic smooth muscle 
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cells, endothelin is believed to cause an increase in the 
concentration of intracellular Ca**.** Endothelin is ’ 
highly homologous with sarafotoxins (i.e., snake ven- 
omlike toxins).>:° It is believed that the vasoconstrictive 
effects of endothelin are countered by mechanisms that 
include rapid metabolism or inactivation of the peptide 
in the lung’ and endothelin-mediated stimulation of the 
production of vasodilator substances, such as atrial 
natriuretic peptide,® prostacyclin,’ and endothelium 
derived relaxing factor.’ It has been proposed that en- 
dothelin may cause vascular smooth muscle contraction 
via activation of voltage-dependent calcium channels,' 
and it has been demonstrated that endothelin stimu- 
lates contraction of other types of smooth muscle in 
which voltage-dependent calcium channels are pres- 
ent.’ Thus the physiologic role may extend beyond the 
cardiovascular system. 

We investigated the effects of endothelin on human 
myometrial smooth muscle cells and tissue. In addition 
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Table I. Effect of endothelin on intracellular 
calcium concentration and myosin light chain 
phosphorylation.in human myometrial smooth 
muscle cells 










Myosin light 
chain 
Intracellular Ca** | phosphorylation 
Treatmeni (nmol/L) (%) 





Control 121+5 (n=6) 4+3 (n= 6) 
Endothelin (1077 295 + 25* (n = 6) 36 + I* (n = 6) 
mol) 


Endothelin plus ni- +237 + 26* (n = 4) 32 + 5* (n = 4) 
fedipine (107° 
mol) 

Endothelin in EGTA- 176 + 144 (n = 6) 15 + 64 (n = 4) 
containing buffer 

Angiotensin II (10-7 199 + 12* (n = 4) 25 + 4* (n = 3) 
mol) 

Angiotensin II plus 
saralasin (10~° 
mol) 


149 + I5 (n= 4) 


Data are expressed as mean + SEM. Intracellular Ca** and 
myosin light chain phosphorylation were determined in myo- 
metrial smooth muscle cells treated with endothelin, angio- 
tensin II, endothelin plus nifedipine, and angiotensin II plus 
saralasin. In experiments in which the effects of nifedipine or 
saralasin were evaluated, the cells were incubated with the 
inhibitor for 5 minutes before the addition of endothelin or 
angiotensin II. 


*p < 0.01, Compared with control (basal) intracellular Ca** 
or myosin light chain phosphorylation. 


{With nifedipine or saralasin alone, intracellular Ca** was 
not significantly different from the control value. 


In. EGTA-containing buffer, control intracellular Ca** 
(134 + 13 nmol/L) was not significantly different from that 
in the absence of EGTA, but the increases in intracellular Ca** 
and phosphorylation with endothelin were significant com- 
pared with control in EGTA-containing buffer (p < 0.04). 


to monitoring contractile responses of myometrial tis- 
sue to endothelin, we evaluated the possibility that en- 
dothelin increases intracellular Ca**, which would lead 
to activation of myosin light chain kinase to cause light 
chain phosphorylation.? Phosphorylation of the 20 kd 
light chain of myosin is believed to be the primary reg- 
ulatory event in the activation of myosin cross bridges 
necessary for smooth muscle, including myometrial, 
contraction.'* '' We found that endothelin acts in myo- 
metrial cells to cause an increase in intracellular Ca** 
and to stimulate phosphorylation of the 20 kd light 
chain. In addition, endothelin increases the frequency 
and force of contraction in strips of circular and 
longitudinal myometrial muscle from nonpregnant 
women. 


Material and methods 

Human myometrial smooth muscle cells and tissue. 
Human uterine tissue was obtained at the time of hys- 
terectomy for reasons other than endometrial or myo- 
metrial disease (e.g., uterine prolapse). Myometrial 
smooth muscle cells were isolated and maintained in 
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primary and first-passage monolayer culture as de- 
scribed previously" except that the culture medium was 
Ham F12/Dulbecco minimal essential medium that 
contained fetal bovine serum (10% by volume) and 
antibiotic-antimycotic solution (1% by volume). Cells 
were incubated in serum-free medium that contained 
human serum albumin (0.4%, wt/vol) for 16 hours be- 
fore experiments. 

Determination of intracellular calcium concentra- 
tion and phosphorylation of 20 kd light chain of 
myosin. The cultured myometrial smooth muscle 
cells were removed from the culture flask by treat- 
ment with Hanks balanced salt solution that con- 
tained trypsin (0.05%, wt/vol), ethylenediaminetet- 
raacetic acid (0.02%, wt/vol), and HEPES (N-[2- 
hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid], 
10 mmol/L, pH 7.4) for 5 to 8 minutes. The cells were 
pelleted by centrifugation, washed twice, and incubated 
(25° C, for 15 minutes) in culture medium that con- 
tained fura-2 acetoxymethyl ester (0.5 pmol/L). There- - 
after the cells were pelleted by centrifugation, washed, 
and suspended (1 X 10° cells/ml) in a buffer that con- 
tained potassium chloride (4.8 mmol/L), sodium chlo- 
ride (130 mmol/L), magnesium chloride (1 mmol/L), 
calcium chloride (1.5 mmol/L), sodium phosphate (1 
mmol/L), glucose (15 mmol/)L), and HEPES (10 
mmol/L, pH 7.4). Intracellular Catt (in 1 X 10° cells) 
was determined at 37° C with a Perkin-Elmer 650-108 
fluorescence spectrometer (Norwalk, Conn.) by quan- 
tification of fluorescence at 340 nm excitation and 510 
nm emission wavelengths, essentially as described by 
Tsien et al. and implemented in our laboratory.” En- 
dothelin (Peptides International, Inc., Louisville) was 
solubilized in dimethyl sulfoxide (stock concentration 
of 100 mol/L endothelin). In all cases, the concen- 
tration of dimethyl sulfoxide in the final incubation 
medium was <1% (vol/vol). Angiotensin H (Sigma 
Chemical Co., St. Louis) was solubilized in water (stock 
solution of 100 pmol/L). Nifedipine and saralasin 
(Sigma) were dissolved in ethanol. Endothelin, angio- 
tensin II, nifedipine, or dimethyl sulfoxide did not ex- 
hibit intrinsic fluorescence and these agents did not 
alter autofluorescence. Vehicle alone did not alter in- 
tracellular calctum concentrations or light chain phos- 
phorylation. After treatment with endothelin (or other 
test agents) in various concentrations for 15 seconds, 
cells (in which intracellular Ca** was determined) were 
fixed for measurement of myosin light chain phos- 
phorylation by addition of trichloroacetic acid and di- 
thiothreitol (10% wt/vol and 25 mmol/L final con- 
centrations, respectively), Phosphorylation of myosin 
light chain was assessed by densitometric analysis of 
myosin light chain (nonphosphorylated and mono- 
phosphorylated) visualized on immunoblots as previ- 


ously described." Myosin light chain phosphorylation 
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Fig. -1. Intracellular Ca** (open bars) and myosin light chain phosphorylation (solid bars) in human 
myometrial smooth muscle cells treated with endothelin in various concentrations. Data are expressed 
as the mean + SEM for three to eight samples. /nset: Recording of fluorescence (340 nm) of fura-’ 
2-containing myometrial cells treated with endothelin (10-7 mol/L). 


is expressed as the percent of total immunodetectable 
20 kd light chain that is phosphorylated. 

Statistical analysis. Values are presented as the 
mean + SEM. Statistical comparisons were by paired 
t test for intracellular calcium measurements and the 
Mann-Whitney U for all other comparisons. Two-tailed 
values were used and p values <0.05 were considered 
significant. l 

Contraction of human uterine smooth muscle strips. 
Strips of human uterine circular and longitudinal 
smooth muscle were excised from uteri and prepared 
as described previously.” Briefly, strips of uterine 
smooth muscle were mounted for measurement of iso- 
metric force in muscle baths containing oxygenated 
(95% oxygen and 5% carbon dioxide) and warmed 
{37° C) physiologic saline solution [sodium chloride 
(120.5 mmol/L), potassium chloride (4.8 mmol/L), 
magnesium chloride (1.2 mmol/L), calcium chloride 
(1.6 mmol/L), sodium phosphate (1.2 mmol/M), 
sodium bicarbonate (20.4 mmol/L), dextrose (10 
mmol/L), pyruvate (1 mmol/L), pH 7.4]. Strips were 
stretched by the application of 5 g force and condi- 
tioned by one contraction in physiologic saline solution 
containing potassium chloride (65 mmol/L) substituted 
isotonically for sodium chloride. Test agents were 
added to the physiologic salt solution to obtain desired 
concentrations. 


Results 


Effect of endothelin on intracellular Ca** and my- 
osin light chain phosphorylation. Treatment of hu- 
man myometrial smooth muscle cells with human en- 
dothelin caused a transient increase in intracellular 
Ca** that was accompanied by an increase in phos- 
phorylation of myosin light chain. Basal intracellular 


Ca** in the myometrial smooth muscle cells was 121 
nmol/L (Table I). In cells treated with endothelin (1077 
mol/L) for 15 seconds, intracellular Ca** was 295 
nmol/L. The increase in intracellular Ca** effected by 
endothelin was maximal at 12 to 15 seconds (Fig. 1, 
inset). Endothelin (107° to 1077 mol/L) acted in a 
concentration-dependent manner to increase intracel- 
lular Ca** as well as myosin light chain phosphorylation 
(Fig. 1). In cells treated for 15 seconds with endothelin 
at a concentration of 1077 mol/L, myosin light chain 
phosphorylation increased from 4% to 36% (Table I). 

Effect of endothelin on contraction of human uter- 
ine smooth muscle strips. The effect of endothelin on 
contraction of human uterine circular and longitudinal 
smooth muscle strips also was evaluated. In strips of 
longitudinal muscle treated with endothelin (1077 
mol/L), contractile frequency increased from sponta- 
neous activity of 0.24 + 0.02 (n = 10) to 1.0 = 0.24 
contractions per minute (n = 3) (Fig. 2, A). There was 
also a sustained increase in contractile force. Although 
contractile activity returned to pretreatment values af- 
ter endothelin was washed from the muscle, subsequent 
responses to endothelin were attenuated. This finding 
is consistent with downregulation of receptors by re- 
peated exposures to endothelin, a phenomenon that 
has been demonstrated in rat vascular smooth muscle 
cells. In the presence of nifedipine (1077 mol/L), a 
blocker of voltage-dependent calcium channels, spon- 
taneous activity was abolished and endothelin acted to 
cause a sustained increase in contractile force (Fig. 
2, B). After replacement of the muscle bath with phys- 
iologic saline solution, contractions were of smaller am- 
plitude but greater frequency than before treatment. 
The endothelin-induced generation of force in the 
presence of nifedipine was 28% + 4% of that caused 
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Fig. 2. Effect of endothelin on contraction of human uterine smooth muscle. Upward arrows mark 
the time of addition of test agents to the muscle bath. Downward arrows denote replacement of the 
muscle bath contents with physiologic saline solution. Panel A, Endothelin-induced (1077 mol/L) 
increase in contractions. In muscle strips that were treated with endothelin (for 10 minutes), con- 
tractile frequency returned to levels that were similar to pretreatment “spontaneous” values only 
after 3% hours after washing. Panel B, Effect of endothelin (1077 mol/L) on uterine smooth muscle 
contraction in the presence of nifedipine (1077 mol/L). Endothelin (107? mol/L) was added after 
nifedipine (nif). Panel C, Effect of endothelin on uterine smooth muscle contraction in calcium-free 
buffer. Uterine smooth muscle strips were preincubated for 10 minutes in calcium-free physiologic 
saline solution that contained EGTA (2 mmol/L) before the addition of endothelin (107? mol/L). 
Replacement of calcium-free physiologic solution with saline solution that contained caj (1.6 
mmol/L) resulted in increases in force and contractile frequency. 


by endotheliri in the absence of nifedipine (Fig. 2, B). 
Similarly, endothelin acted to cause a small increase in 
active force (10% + 3%, 0 versus 0.42 + 0.05 g, 
p < 0.02, paired ¢ test) after preincubation for 10 min- 
utes in calcium-free buffer that contained ethylenegly- 
col bis(B-aminoethylether)-N,N,N’,N’-tetraacetic acid 
(EGTA) (2 mmol/L). Rapid force generation and in- 
creased contractile responses resumed upon calcium re- 
placement (Fig. 2, C). Dimethyl sulfoxide or ethanol at 
vehicle concentrations did not alter contractile activity. 


Source of Ca** mobilized by endothelin. We con- . 


ducted several studies to identify the source of Ca** 
that enters the cytoplasm in response to endothelin. In 
cultured cells pretreated with nifedipine (10~*mol/L) 
for 5 minutes, endothelin (10-’? mol/L) caused an in- 
crease in intracellular Ca** from 121 to 237 nmol/L 
and an increase in myosin light chain phosphorylation 


from 4% to 32% (Table I). This increase in intracellular 
Ca** (from 125 to 237 nmol/L) was not significantly 
different from the increase effected by endothelin in 
the absence of nifedipine (from 121 to 295 nmol/L) 
(Mann-Whitney U test, p < 0.06). After incubation in 
buffer that contained EGTA (6.5 mmol/L) for 10 sec- 
onds, the stimulatory effects of endothelin on intra- 
cellular Ca** and myosin light chain phosphorylation 
were diminished but not abolished. Specifically, intra- 
cellular Ca** increased from a baseline of 134 to 176 
nmol/L and myosin light chain phosphorylation in- 
creased to 15% (Table I). Angiotensin II (10~? mol/L, 
a concentration that evokes a maximal response) caused 
an increase in intracellular Ca** and myosin light chain 
phosphorylation to values of 199 nmol/L and 25%, 
respectively, at 15 seconds (Table I); this response was 
significantly less than that produced by endothelin 
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(p < 0.01). The effect of angiotensin II on intracellular 
Ca** was abolished by pretreatment with saralasin, an 
angiotensin II receptor antagonist (Table I). 


Comment 


The potency of endothelin in mediating contraction 
of vascular smooth muscle’ prompted us to investigate 
the effects of this agent on uterine smooth muscle con- 
traction. We also sought to determine the biochemical 
basis for endothelin-mediated contraction. To conduct 
these studies, we used myometrial tissue from non- 
pregnant women and human myometrial smooth mus- 
cle cells in monolayer culture. In previous investiga- 
tions we demonstrated that these cells in culture retain 
biochemical properties that are.characteristic of smooth 
muscle’ and thereby constitute a model system for 
the study of biochemical processes involved in cellular 
regulatory mechanisms of uterine contraction. Thus, 
in addition to determining the contractile responsive- 
ness of uterine smooth muscle to endothelin, we mon- 
itored the effects of endothelin on indexes of contrac- 
tility, namely, myosin light chain phosphorylation and 
free cytoplasmic Ca**, in myometrial smooth muscle 
cells. 

From the results of this study, we conclude that hu- 
man uterine smooth muscle is responsive to endothelin. 
Increased contractile frequency of myometrium is 
caused by endothelin via a mechanism that involves an 
increase in intracellular Ca** and thus activation of 
Ca**-dependent myosin light chain kinase. This mech- 
anism is characteristic of contraction in a number of 
smooth muscle tissues.” Furthermore, endothelin is 
more potent in stimulating intracellular Ca** and my- 
osin light chain phosphorylation than angiotensin II, a 
known uterotonic agent.'* '? On the basis of our find- 
ings, we suggest that the endothelin-induced increase 
in intracellular Ca** is derived from both extracellular 
Ca** and intracellular Ca** stores. Others also have 
investigated this issue in some detail with rat aortic 
smooth muscle cells in culture. One group of investi- 
gators concluded that endothelin caused Ca** influx, 
whereas another group concluded that endothelin mo- 
bilizes Ca** from intracellular stores. We found that 
a Ca**-channel blocker, nifedipine, abolished sponta- 
neous contractions while attenuating the endothelin- 
induced increases in contraction frequency of myo- 
metrial strips. Thus the influx of extracellular Ca** via 
Ca** channels appears to be the dominant requirement 
for contraction of myometrial muscle strips in response 
to endothelin, although release of calcium from inter- 
nal stores stimulates the generation of a small but sig- 
nificant amount of contractile force. In isolated myo- 
metrial cells in suspension, however, nifedipine is not 
effective in preventing an increase in intracellular Ca** 
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in response to endothelin. This difference in the action 
of nifedipine may be, in part, a result of alterations in 
voltage-dependent Ca** channels that-are associated 
with culture of myometrial cells. Others have presented 
evidence that voltage-gated Ca** channels are absent 
in some smooth muscle cells in culture***! and indeed, 
myometrial cells in suspension do not respond to treat- 
ment with potassium chloride (65 mmol/L) with an 
increase in intracellular Ca** (unpublished data). Con- 
versely, the finding that endothelin acts to increase in- 
tracellular Ca** and myosin light chain phosphoryla- 
tion in myometrial cells in the absence of extracellular 
Ca** is supportive of the possibility that endothelin 
mobilizes intracellular Ca** from intracellular stores. 
Thus these findings suggest that the effect of endo- 
thelin in stimulating intracellular Ca** and myosin 
light chain phosphorylation in myometrial tissue and 
in myometrial smooth muscle cells in culture is only 
partially dependent on extracellular Ca**. 

Endothelin acts in human uterine smooth muscle to 
cause an increase in the frequency of contractions that 
is also true in rat uterine smooth muscle.” However, 
our findings in human myometrium differ from those 
reported in the rat. Specifically, in the rat uterus, in the 
presence of nifedipine, endothelin acted to cause a 
tonic contraction that generated force equal to or 
greater than the endothelin-induced phasic contrac- 
tions in the absence of nifedipine.” Our findings in 
human myometrium clearly demonstrate that the cal- 
cium channel blocker nifedipine acted to inhibit both 
phasic uterine activity and the amount of force gen- 
erated in response to endothelin. Endothelin may be 
less effective when action potentials are blocked by ni- 
fedipine, or, alternatively, endothelin may act, in 
part, on receptor-operated Ca** channels that are 
not dihydropyridine sensitive. The mechanism(s) by 
which endothelin increases contraction frequency is not 
known but may include increases in normal excitability 
through alterations in membrane permeability, release 
of intracellular Ca**, or opening of Ca** channels 
linked to the endothelin receptor. We speculate that 
increased contractile frequency in myometrial strips in- 
duced by endothelin is associated with oscillatory 
changes in intracellular Ca**. Such oscillations may also 
occur in isolated cells but may not be discerned in a 
population of cells in suspension. 

The action of endothelin to induce contraction of 
smooth muscle is not limited to vascular tissues, and it 
is likely that endothelin is produced in nonendothelial 
cell types. Recently we demonstrated that preproen- 
dothelin messenger ribonucleic acid is present in hu- 


“man amnion, an avascular extraembryonic fetal mem- 


brane comprised principally of epithelial cells.” Thus 
the potential exists for the production of endothelin in 
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a cell with close proximity to the myometrium. Because 
of the contractile responsiveness of the myometrium to 
endothelin, the possibility should be considered that 
endothelin arising in response to physiologic or patho- 
physiologic stimuli may act as a uterotonin in the ini- 
tiation of parturition and the maintenance of labor. 


We thank Melanie King, RN, and Valencia Hoffman 
for assistance in obtaining tissues, Jesse Smith and Bob- 
bie Mayhew for skilled technical assistance, and Sandra 
Finley for expert editorial assistance. 
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In vitro induction of prolactin production and aromatase 
activity by gonadal steroids exclusively in the stroma of 
separated proliferative human endometrium 


John F. Randolph, Jr., MD, Helle Peegel, BS, MS, Rudi Ansbacher, MD, MS, and 


K. M. J. Menon, PhD 
Ann Arbor, Michigan 


Prolactin production by decidualized human endometrium has been demonstrated in organ explant 
cultures and presumed to be of stromal origin by immunocytochemistry and the presence of simultaneous 
stromal histologic changes. To test the hypothesis that endometrial prolactin production is exclusively of 
stromal origin, late proliferative human endometrium was separated into glands and stroma and cultured 
for 3 days. Confluent cultures were incubated with progesterone, 50 ng/ml; estradiol, 5 ng/ml; or both 
progesterone and estradiol for 4, 8, and 15 days. Prolactin concentration was measured at 2-day intervals 
by specific radioimmunoassay throughout a 15-day culture in all semples. Aromatase activity at 15 days 
was assayed by the production of tritiated water from 1B°H-androstenedione. Possible contamination of 
gland cultures by stromal cells was controlled by the substitution of p-valine in the culture media. No 
prolactin was detected in the p-valine—treated gland cultures. Stromal cell cultures demonstrated 
increasing prolactin with continuous incubation with progesterone (15-day control: 11.28 + 0.91 ng/100 pg 
deoxyribonucleic acid versus 15-day progesterone: 245.8 + 4.24 ng/100 ug). Prolactin levels increased 
after progesterone was removed at day 4 and 8, reaching peak production 4 days later, followed by a 
steady decline. Estradiol induced a sustained increase in prolactin production even after withdrawal of 
steroids. Aromatase activity in gland cells exposed to steroids exhibited no change with time. 
Steroid-treated stromal cell cultures showed an increase in aromatase activity in all 15-day (controls: 

21.6 + 0.7 pmol substrate converted per mg of deoxyribonucleic acid per 24 hours versus progesterone: 
43.4 + 4.2 versus estradiol: 34.2 + 3.5 versus progesterone and estradiol: 47.5 + 2.4) but not in 4- or 8- 
day incubations. These studies support these conclusions: (1) nongestational endometrial prolactin is of 
stromal, not glandular origin; (2) stromal prolactin production is incuced and maintained by pragesterone: 
(3) stromal prolactin production is induced by estradiol but does not require continued exposure for 
maintenance; (4) aromatase activity is increased by long-term exposure to progesterone and estradiol in 
stroma but not in glands. (Am J Osstet Gynecol 1990;162:1109-14.) 


Key words: Endometrium, aromatase, prolactin 


Endometrium is a hormonally modulated tissue com- 
posed of two principal cell types, epithelial glands and 
mesenchymal stroma, that possess paracrine activity. 
The paracrine function of endometrium includes the 
production and secretion of prolactin indistinguishable 
from pituitary prolactin, and the production of estro- 
gens from precursor androgens by the action of the 
enzyme aromatase. The relative contributions to these 
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paracrine functions by the two cell types in nongesta- 
tional endometrium have not been well characterized. 
Endometrial aromatase activity has been demon- 
strated in both glands and stroma and has been shown 
to be modulated by both gonadal steroids' and peptide 
hormones.’ A single study by Tseng’ showed that pro- 
gesterone stimulates aromatase activity in 3-day cul- 
tures to a much greater extent in stroma than in glands, 
an effect potentiated by the addition of estradiol. 
Endometrium produces and secretes prolactin prin- 
cipally under the influence of progesterone in a dose- 
and time-dependent manner.*’ Most studies have been 
performed in explant culture, although Braverman 
et al.* cultured separated glands and stroma from first- 
and second-trimester decidua and detected prolactin 
production only in the stromal cultures. Immunocy- 
tochemical study has localized prolactin to the stroma 
of nonpregnant decidualized endometrium’; however, 
Meuris et al.’° did note prolactin in the glands from 
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decidua obtained from a first-trimester extrauterine 
gestation. 

The purpose of this study was to demonstrate that 
nongestational endometrial glands and stroma are met- 
abolically distinct by showing that endometrial prolactin 
is exclusively of stromal origin and that endometrial 
aromatase activity is modulated by gonadal steroids, 
primarily in stroma. 


Material and methods 


Late proliferative (day 8 to 12) human endometrium 
was obtained by curettage from five normally cycling 
women who had elective laparoscopy while they were 
under general anesthesia. All women were 25 to 40 
years of age, were euthyroid, were not receiving ex- 
ogenous hormones, and had no evidence of hepatic 
dysfunction. This study was approved by the Institu- 
tional Review Board of the University of Michigan 
Medical Center. 

Endometrial separation and culture. Endometrial 
glands and stroma were separated as previously de- 
scribed.” Briefly, the tissue was washed, minced, and 
digested in Earle’s balanced salt solution containing col- 
lagenase I (300 U/ml, Cooper Biomedical, Malburn, 
Pa.), deoxyribonuclease I (1 pg/ml, Cooper Biomedi- 
cal), bovine serum albumin (3 mg/ml, bovine serum 
albumin fraction V; Sigma Chemical Co., St. Louis), 
gentamicin (50 pg/ml, Elkins-Sinn, Inc., Cherry Hill, 
N.J.), and mycostatin (2 U/ml, Gibco, Grand Island, 
N.Y.). Free stromal cells were removed by centrifuga- 
tion from the medium at 15-minute intervals during a 
2-hour digestion period and resuspended in culture 
medium A [McCoy’s Modified 5A medium containing 
10% fetal calf serum (Gibco), gentamicin 950 pg/ml, 
Elkins-Sinn), and mycostatin (2 U/ml, Gibco)]. After 
the 2-hour stromal cell separation, the remaining 
glands were incubated with collagenase (300 U/ml) for 
an additional 45 minutes. The stromal and gland cell 
suspensions were washed three times with medium A 
and plated onto 35 x 10 mm culture dishes (Fal- 
con Plastics, Becton Dickinson, Oxnard, Calif.) at 
1 x 10° cells per 2 ml medium A per dish and incu- 
bated at 37° C under water-saturated 95% air and 5% 
carbon dioxide. Confluence was reached 3 to 4 days 
after plating. 

Aromatase assay. Aromatase activity was assayed by 
a modification of a method of Thompson and Siiteri!! 
as previously described.’ Briefly, cultures were rinsed 
with 0.1% bovine serum albumin—McCoy’s medium 
and incubated with 0.5 wCi (18 — °H)-androst-4-ene- 
3,17-dione (27.8 Ci/mmol, New England Nuclear, Bos- 
ton). At the completion of each incubation the medium 
was removed and assayed for the incorporation of tri- 
tium into tritiated water. One milliliter of spent media 
was mixed with trichloroacetic acid (10% final concen- 
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tration), placed on ice for 15 minutes, and centrifuged 
at 3000 g for 10 minutes, and the supernatant was 
extracted with 3 ml of chloroform. An aliquot of 1 ml 
of the aqueous layer was added to the charcoal peilet 
obtained from 1 ml of 5% Norit-A (Fisher Scientific 
Co., Fairlawn, N.J.), mixed, and placed on ice for 15 
minutes. After centrifugation for 15 minutes at 3000 
g, 10 ml Safety-Solve (Research Products International 
Corp., Mt. Prospect, Il.) was added to the supernatant, 
which was then counted in a scintillation counter. Cells 
were washed, scraped from the dishes, and assayed for 
deoxyribonucleic acid according to the method of 
Burton.” : 

Prolactin assay. Prolactin concentration was assayed 
by a standard double-antibody radioimmunoassay with 
an antihuman prolactin antibody (anti-hPRL-3, no. 
AFP-C11580, National Institutes of Health) with a sen- 
sitivity of 0.08 ng/ml. The intraassay and interassay 
variabilities were 4.9% and 4.4%, respectively. 

Incubations. When confluence was achieved, four 
triplicate sets of separated parallel cultures were in- 
cubated in medium A containing: group 1—progester- 
one 50 ng/ml; group 2—estradiol 5 ng/ml; group 3— 
progesterone 50 ng/ml and estradiol 5 ng/ml; and 
group 4— controls. The medium was changed every 
48 hours and spent media were frozen at — 20° C. In- 
cubations were maintained for 15 days. At the end of 
the incubation period cultures were assayed for aro- 
matase activity before measurement of the deoxyri- 
bonucleic acid content of each culture. All cultures were 
run in triplicate and each assay included triplicate 
blanks that received all reagents but no cells. Values 
obtained from blanks were subtracted from all assay 
values. Prolactin concentrations in all frozen spent me- 
dia were assayed. 

Initial morphologic assessment of separated stromal 
and gland cell cultures was made by the method de- 
scribed by Liu and Tseng,” with a similar 95% purity 
noted. Terminal cultures were morphologically as- 
sessed with some overgrowth of gland cell cultures by 
contaminating stromal cells noted. Therefore long- 
term incubations were repeated by substitution of D- 
valine for L-valine in culture medium A to retard the 
metabolic activity in cells of mesenchymal origin but to 
maintain activity in epithelial cells as described by Gil- 
bert and Migeon." 

Statistical analysis was performed by two-tailed Stu- 
dent’s ¢ test and p values were calculated by the least- 
squares method, Statistical significance was defined as 
p < 0.05. 


Results i 

The initial set of cultures exposed separated gland 
and stromal cells to steroids on days 1 through 4, 
1 through 8, and 1 through 15 of a 15-day incubation 
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Fig. 1. Interval prolactin production by confluent endometrial stromal cultures exposed to proges- 
terone, estradiol, and both steroids during a 15-day incubation, A, Exposure for the first 4 days. B, 
Exposure for the first 8 days. C, Exposure for the entire 15-day incubation. D, Exposure for the 
entire incubation in D-valine media (no difference from controls noted in estradiol-exposed cul- 


tures). 


period. Endometrial stroma exposed for the first 4 days 
of culture, as depicted in Fig. 1, A, demonstrated no 
baseline prolactin production in control cells. Cultures 
exposed to progesterone, alone or in combination with 
estradiol, demonstrated measurable prolactin by day 4 
in culture with a sixfold increase in production over 
the next 4 days followed by a decline. Exposure to 
estradiol alone resulted in no detectable prolactin until 
day 8 in culture with a small but continuous increase 
thereafter. The data for cultures exposed to steroids 
for the first 8 days of a 15-day culture are shown in 
Fig. 1, B. Cells exposed to progesterone, alone: or in 
combination with estradiol, demonstrated a similar in- 
crease in prolactin production during the 8-day ex- 
posure period, which increased twofold 4 days there- 
after and subsequently declined. Cells exposed to es- 
tradiol demonstrated prolactin production by day 8 
with a continuous increase thereafter. Cells cultured in 
steroids for the entire incubation period, as indicated 
in Fig. 1, C, demonstrated a sustained increase in pro- 
lactin production throughout the incubation period. 
Progesterone or progesterone plus estradiol exposure 
produced a 20- to 25-fold increase in prolactin secretion 


compared with controls (day 15). Exposure to estradiol 
produced an increase in prolactin production by day 8 
with a maintenance of that increase throughout the 
remainder of the culture period. In all stromal cell 
cultures progesterone, alone or in combination with 
estradiol, produced a significantly greater increase in 
prolactin production than estradiol alone. There was 
no significant difference between exposure to pro- 
gesterone alone or in combination with estradiol. 
Measured prolactin production in all steroid-exposed 
stromal cultures was significantly different from con- 
trols. 

Endometrial gland cell cultures exposed to steroids 
failed to demonstrate any measurable prolactin pro- 
duction when exposed on days 1 through 4 or days | 
through 8 of the incubation period. However, cultures 
exposed for the entire incubation period demonstrated 
some prolactin production on days 12 and 15 of the 
15-day incubation period, corresponding to the con- 
tamination of gland cell cultures with stromal cells. The 
incubations were repeated with D-valine media and 
both stromal and gland cell cultures exposed to steroids 
for the entire 15-day incubation period. As indicated 
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Fig. 2. Terminal aromatose activity by confluent endometrial 
cultures exposed to progesterone, estradiol, or both steroids 
during a 15-day incubation. A, Exposure of gland cells for the 
first 8 days and the entire incubation. B, Exposure of stromal 
cells for the first 8 days and the entire incubation (val- 
ues + SEM). (Asterisk, p < 0.05 versus controls.) 


in Fig. 1, D, stromal cultures in D-valine media dem- 
onstrated a threefold increase in prolactin production 
compared with control cultures in response to proges- 
terone exposure, but detectable prolactin was not noted 
until day 10 of the cultures. Estradiol induced no in- 
crease in prolactin production in the stromal cells cul- 
tured in p-valine media. No measurable prolactin was 
detected in the gland cell cultures at any time-point in 
any of the incubations in D-valine media. 

Aromatase activity was assayed in each culture at the 
termination of the incubation period. Gland cell cul- 
tures, as shown in Fig. 2, A, demonstrated measurable 
aromatase activity in all control cultures in either stan- 
dard medium or p-valine medium with no change in 
aromatase activity with exposure to progesterone, es- 
tradiol, or the two in combination. In contrast, endo- 
metrial stroma, as noted in Fig. 2, B, demonstrated a 
control aromatase activity in both media with a signif- 
icant increase in aromatase activity in all cultures ex- 
posed to steroids for the entire incubation period. Cul- 
tures exposed to progesterone, alone or in combination 
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with estradiol, demonstrated a similar and significant 
increase in aromatase activity greater than the sig- 


nificant increase in activity seen with exposure to es- 
tradiol alone. Cultures not exposed to steroids for the 
entire incubation period did not demonstrate a sig- 
nificant change in aromatase activity from control 
cultures. 


Comment 


This study clearly demonstrates the metabolic dissim- 
ilarity between endometrial glands and stroma and em- 
phasizes the need to consider both cell types when stud- 
ies of endometrium are performed. Endometrium has 
long been noted to respond to gonadal steroids, as ev- 
idenced by characteristic histologic changes throughout 
the normal menstrual cycle. The observation by Rid- 
dick et al. and Golander et al.” that the decidua from 
pregnancy was capable of de novo synthesis of prolactin 
suggested that endometrium possessed paracrine ac- 
tivity and was the source of amniotic fluid prolactin. 
Tseng et al.’* demonstrated that endometrium was ca- 
pable of converting precursor androgens to estrogens 
by the action of the enzyme aromatase. The control of 
these processes and relative contribution by the two 
principal cell types in endometrium, epithelial glands 
and mesenchymal stroma, have not been completely 
evaluated. 

Endometrial prolactin production has been demon- 
strated to occur spontaneously in late secretory endo- 
metrium and to be induced in vitro in proliferative 
endometrium by incubation with progesterone, an ef- 
fect attenuated by the addition of estradiol.* Further 
work has demonstrated that a short duration of pro- 
gesterone exposure can induce a transient increase in 
prolactin production and that maintenance of in- 
creased prolactin production requires continued pro- 
gesterone exposure.*” However, all these studies were 
performed in explant cultures that contained both 
glands and stroma and do not delineate the origin of 
the prolactin. Isolated endometrial stromal cells in 
culture demonstrated increased prolactin production 
when exposed to medroxyprogesterone acetate in 5- or 
6-day cultures, an effect enhanced by estradiol.’® Gland 
cells were not studied in this experiment. Braverman 
et al.* did set up culture of separated gland and stromal 
cells from late first- and second-trimester decidua and 
were able to detect prolactin production only in the 
stromal cell cultures. 

Kauma and Shapiro? used immunohistochemical 
studies to localize prolactin in late secretory endome- 
trium and were able to demonstrate staining only in 
stromal cells. In contrast, Meuris et al.'° used a similar 
technique in the decidua from early pregnancy and 
were able to demonstrate staining in the glands of a 
patient with an extrauterine gestation. 

Endometrial aromatase activity has been shown to be 
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modulated by a number of factors including estradiol, 
progesterone, progestins, relaxin, and insulin.'* °° 
However, the effect of gonadal steroids on aromatase 
activity has been studied primarily in 1- to 5-day stromal 
cell cultures and demonstrated no effect with estradiol 
alone, increased activity with progesterone alone, and 
potentiated stimulation in the presence of both estra- 
diol and progesterone. A single study in gland cell cul- 
tures demonstrating substantially lower basal aroma- 
tase activity suggested some increase in aromatase 
activity with exposure to both estradiol and progester- 
one.? The effect of longer exposure to gonadal steroids, 
as seen at the end of the menstrual cycle, has not yet 
been studied. . 

The results of this study suggest that the increase in 
prolactin production in endometrial cell cultures in re- 
sponse to exposure to progesterone can be accounted 
for exclusively by the stromal component of endome- 
trium. Gland cell cultures did not produce detectable 
amounts of prolactin regardless of the specific hormone 
or duration of exposure. The requirement for contin- 
ued progesterone exposure to maintain prolactin pro- 
duction concurs with the explant studies. However, the 
smaller increase in prolactin production induced by 
estradiol alone and maintained despite the withdrawal 
of estradiol is in contrast to prior studies. 

The increase in aromatase activity noted at the end 
of 15-day cultures in stroma but not in glands again 
emphasizes the metabolic dissimilarity of the two cell 
types. The lack of a detectable increase in activity in 
cultures exposed to steroids only in the first half of the 
incubation suggests that the induction of aromatase ac- 
tivity requires continued ‘steroid stimulation. In this 
protocol, aromatase activity was not measured at 8 days 
of culture, but it seems possible that increased activity 
would have been noted. The induction of aromatase 
activity in stromal cell cultures by estradiol alone is in 
contrast to previous studies, as is the lack of potentiation 
by estradiol on the increase in activity induced by pro- 
gesterone. It is possible that progesterone alone may 
have maximally stimulated aromatase activity and ob- 
scured potentiation by estradiol. These findings suggest 
that the control of aromatase activity by gonadal ste- 
roids is time dependent, perhaps by the induction or 
modification of specific steroid receptors. 

Late proliferative endometrium was chosen for this 
study to avoid endogenous exposure to progesterone 
before the culture and incubations. Specific character- 
ization of the prolactin produced was not done because 
many authors have reported endometrial prolactin to 
be indistinguishable from pituitary prolactin. It is pos- 
sible that gland cells produce prolactin at a substantially 
lower rate than stromal cells and that the resulting con- 
centrations in the spent media were below the limits of 
detectability with this assay. Studies of the presence and 
induction of prolactin messenger ribonucleic acid in 
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both glands and stroma may provide a final answer to 
that question and are currently in progress. Studies of 
endometrium from the luteal phase of the menstrual 
cycle have not yet been performed. 

The use of p-valine media to prevent overgrowth by 
stromal cells in gland cell cultures does not appear to 
affect the viability of either cell type as evidenced by 
the maintenance of aromatase activity in all cultures at 
the end of the incubation. However, the deoxyribo- 
nucleic acid content of the cultures in p-valine media 
was less than that in the standard media. 

Phenol red, which has demonstrated estrogenic 
properties in some systems, was used in all culture me- 
dium. Although an effect cannot be ruled out, it was 
controlled for by the parallel cultures without steroid 
exposure. 

It is possible that specific cell to cell interactions be- 
tween gland and stroma are necessary for full metabolic 
activity by either or both cell types. It is also possible 
that gland cells require an extracellular matrix on which 
to grow before they are capable of full metabolic activ- 
ity. Several such systems are being investigated. 

The finding that estradiol is able to increase aro- 
matase activity and thus enhance its own production as 
well as induce a sustained production of prolactin is 
intriguing. That estradiol and progesterone are capable 
of inducing the endogenous production of prolactin 
and estrogens in endometrial stroma in a setting con- 
sistent with that seen in an early pregnancy suggests 
that these effects may play a role in the proliferation 
of early pregnancy decidua and, perhaps, in the im- 
plantation process. l . 

These studies support the following conclusions: (1) 
Nongestational endometrial prolactin is exclusively of 
stromal origin; (2) endometrial stromal prolactin pro- 
duction is induced and maintained by progesterone; 
(3) endometrial stromal prolactin production is induced 
by estradiol but does not require continued exposure 
to estradiol for its maintenance; (4) endometrial aro- 
matase activity is induced exclusively in stroma by long- 
term exposure to gonadal steroids. Endometrial glands 
and stroma are metabolically distinct and demonstrate 
a dissimilar response to gonadal steroids. Thus the in- 
dividual biosynthetic capabilities and the interaction be- 
tween the two cell types should be considered when 
the studies involving endometrial tissue are being de- 
signed. 


We thank the National Institutes of Health for pro- 
viding the reagents used in the prolactin assays. 
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Fetal hemodynamic and fetoplacental vascular response to 


exogenous arginine vasopressin 


Glenn L. Irion, PhD, Catherine E. Mack, BS, and Kenneth E. Clark, PhD 


Cincinnati, Ohio 


Fetal hemodynamics and fetoplacental blood flow were measured in chronically instrumented ovine fetuses 
during intravenous infusion of arginine vasopressin. Vasopressin was infused at rates ranging from 1 to 
300 ng/min/kg estimated fetal mass. This range of infusion rates produces plasma arginine vasopressin 
levels observed throughout a wide range of fetal stress. No maternal effects were observed at any infusion 
rates used in this investigation. Fetal heart rate declined linearly with the log of the infusion rate. Mean 
fetal arterial pressure showed a sigmoidal response to log arginine vasopressin infusion rate, reaching a 
plateau at 30 ng/min/kg. Umbilical vascular resistance increased throughout the entire range of infusion 
tates. Fetoplacental blood flow decreased with increasing infusion rate but decreased only 4% to 13% 
throughout the range of infusion rates that produce plasma arginine vasopressin levels commonly 
observed during fetal stress. Because umbilical vascular resistance continued to rise after arterial pressure 
reached a plateau, fetoplacental blood flow decreased 31% at the highest infusion rate. However, the 
plasma vasopressin level associated with this infusion rate is probably in excess of that associated with 
severe fetal distress. The fetoplacental vascular bed is, therefore, either relatively insensitive to arginine 
vasopressin, or is capable of autoregulation in the face of high circulating levels of arginine vasopressin. 


(Am J OpsteT GynECcOL 1990;162:1115-20.) 


Key words: Pregnant ewe, fetoplacental blood flow 


Arginine vasopressin has been shown to be released 
in the ovine fetus in response to stresses such as fetal 
hemorrhage,' hypoxia,” asphyxia,’ and hypotension.* 
Arginine vasopressin may act via three mechanisms: 
renal, endocrine, and cardiovascular. The renal effect 
causes increased distal tubule reabsorption and in- 
creased urine osmolarity. The fetal response is much 
less efficient than that of the adult,>° and the fetus 
releases more arginine vasopressin than required for 
maximum antidiuretic activity.” Arginine vasopressin 
also appears to promote the release of cortisol. As ges- 
tation progresses, the fetal adrenal gland has an in- 
creased ability to release cortisol in response to elevated 
plasma arginine vasopressin.’ 

The fetal cardiovascular responses to stress that 
evoke arginine vasopressin release and to infusion of 
exogenous arginine vasopressin appear to be quite sim- 
ilar. The fetus responds with bradycardia and redis- 
tribution of blood flow toward the heart, brain, adrenal 
glands, and placenta, and away from most other or- 
gans.®° Arginine vasopressin release in response to 
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hemorrhage occurs as early as 0.4 gestation,’ whereas 
the sympathetic nervous system response does not ap- 
pear to be completely developed until after birth." 
Therefore the cardiovascular effects of arginine vaso- 
pressin release may be of much greater importance to 
fetal cardiovascular regulation while the sympathetic 
nervous system develops. 

Although the effects of arginine vasopressin on fe- 
tal arterial pressure and heart rate are now well 
known,” **"' it is not known if arginine vasopressin has 
an effect on umbilical blood flow or vascular resistance. 
It is assumed that the fetoplacental vasculature is not 
responsive to arginine vasopressin and the redistribu- 
tion of blood flow to the fetoplacental circulation is a 
result of vasoconstriction of vascular beds other than 
the placenta and an increase in arterial pressure.” * In 
this study we used transit-time Doppler flow probes to 
measure blood flow of the common umbilical artery 
during infusions of exogenous arginine vasopressin 
while measuring arterial pressure and heart rate. We 
found dose-related decreases in heart rate and umbil- 
ical blood flow and dose-related increases in arterial 
pressure and umbilical vascular resistance. 


Methods 


Surgical procedures. Seven pregnant ewes (40 to 60 
kg) carrying singleton fetuses were instrumented dur- 
ing aseptic surgical procedures. Guidelines for the care 
and use of the animals approved by the University of 
Cincinnati were followed. Maternal and fetal instru- 
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Table I. Maternal responses to fetal arginine vasopressin infusion 
Infusion rate (ngimini kg) 





Uterine Q (ml/min) 646 + 447 659 + 454 665 +490 702 + 517 627+ 494 632 +465 605 + 421 
MAP (mm Hg) 80 + 10 78 + 13 76 + 13 77 + 15 84 + 16 81 + 14 82 + 15 
HR (beats/min) 96 + 14 91+ 18 92 + 16 92 + 18 91+ 18 93 + 17 90 + 16 





n = 4, No significant differences were observed. 


BL, Baseline value; Uterine Q, maternal uterine blood flow; MAP, maternal mean arterial pressure; HR, maternal heart rate. 


mentation was performed at 105 to 110 days of ges- 
tation. Ewes fasted for 48 hours before operation. 
On the day of operation, diazepam (10 mg, intramus- 
cularly) was injected 30 minutes before administration 
of pentobarbital (15 mg/kg, intravenously). The op- 
eration was performed with ewes under pentobarbital 
and spinal (12 mg pontocaine) anesthesia. Polyvinyl 
catheters were placed in the maternal distal aorta and 
inferior vena cava via the left femoral artery and vein. 
The uterus was then exposed via a midline incision. 
Through a small uterine incision, the left fetal hindlimb 
was delivered to place polyvinyl catheters into the fetal 
aorta via the femoral artery and the inferior vena cava 
via a fetal hindlimb vein. The volumes of all catheters 
were determined before placement. 

After a left retroperitoneal incision, the fetus was 
marsupialized to the uterus. The area surrounding the 
common umbilical artery was exposed, and a 6 to 8 mm 
ultrasonic transit-time flow probe (Transonic Systems, 
Inc., Ithaca, N.Y.) was placed around the common um- 
bilical artery, just proximal to the branches of the um- 
bilical artery. At this location approximately 95% of the 
blood flow is directed to the fetoplacental circulation. 
The Transonic transit-time blood flow measuring sys- 
tem has a reported accuracy of within 5.1% and a lin- 
earity within 1% of full scale.’ Fetal and uterine inci- 
sions were subsequently closed. Electromagnetic flow 
probes (Dienco, Los Angeles) were placed around both 
maternal middle uterine arteries. All instrumentation 
was passed through a subcutaneous tunnel and exter- 
iorized through a small incision on the ewe’s left flank. 
Catheters were flushed and filled with heparinized sa- 
line solution (1000 U/ml, maternal; 500 U/ml, fetal). 
Catheters and cables were kept in a canvas pouch at- 
tached to the ewe’s left flank. Catheters were flushed 
every other day with heparinized saline solution at the 
above concentrations. Antibiotics were administered to 
the ewe and fetus. The ewe received 6 ml of Combiotic 
intramuscularly (Pfizer, New York) postoperatively and 
another 6 ml dose for 3 days after operation. The fetus 
received 1 gm of ampicillin (Omnipen, Wyeth, Phila- 
delphia) through an amniotic fluid catheter postoper- 
atively, and 0.5 gm for 3 days after operation. 

Measurements. Hemodynamic recordings were 
made on sheep ranging from 110 to 129 days of ges- 


tation. On the experimental day sheep were allowed a 
period of acclimatization to experimental rooms; base- 
line measurements then were obtained for 30 minutes. 
Responses to continuously increasing doses of arginine 
vasopressin (1, 3, 10, 30, 100, and 300 ng/min/kg es- 
timated fetal mass) were determined. Arginine vaso- 
pressin acetate (Sigma Chemical Co., St. Louis) was dis- 
solved in saline solution and infused into the fetal hind- 
limb vein catheter for 5 minutes at the rate of either 
0.10 or 0.30 ml/min by a Sage infusion pump (model 
355, Sage Instruments, Cambridge, Mass.). The fetal 
venous catheter has a dead space of 1.0 to 1.1 ml and 
was filled with the appropriate arginine vasopressin so- 
lution before infusion. Fetal body mass was estimated 
from growth curves generated in our laboratory as 
follows: 


Fetal body mass (gm) = 
[(Days of gestation — 37) - 0.16} 


Responses to arginine vasopressin appeared to have 
reached a steady state by the end of each infusion. The 
values reported are average values over the last 2 min- 
utes of the infusion. All experiments were performed 
on animals with fetal Pao, >18 mm Hg and pH greater 
than 7.3. 


Umbilical artery blood flow was recorded with 
Transonic T101 Doppler ultrasound flowmeters. Blood 
pressure was recorded with Micron MP 15 pressure 
transducers (Micron Instruments, Inc., Simi Valley, 
Calif.) anchored at the level of the maternal sternum 
and attached to maternal and fetal arterial catheters. 
Heart rate was derived from the arterial pressure pulse 
via SensorMedics 9857 cardiotachometer couplers (An-. 
aheim, Calif.). Umbilical blood flow, fetal arterial pres- 
sure, fetal heart rate, maternal arterial pressure, ma- 
ternal heart rate, and right and left uterine blood flows 
were recorded continuously with SensorMedics R612 
recorders. Previously, Tomita et al."' have shown that 
fetal venous pressure rises only 4.8 + 1.5 mm Hg at 
an infusion rate of arginine vasopressin similar to the 
highest infusion rate used in this investigation. Because 
the experiments were all conducted before the last 2 
weeks of pregnancy, we did not routinely measure am- 
niotic fluid pressure or central venous pressure. There- 
fore vascular resistance was computed from only mean 
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Fig. 1. Percent change in fetal heart rate from baseline value in response to arginine vasopressin 
infusion. Values are means + SE, n = 7. All values are significantly less than baseline (p < 0.05). 
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Fig. 2. Percent change in fetal mean arterial pressure from baseline value in response to arginine 
vasopressin infusion. Values are means + SE, n = 7. The 1 and 3 ng/min/kg values were not 
significantly different from baseline. All other values are significantly greater than baseline 
(p < 0.05). Fetal mean arterial pressure reached a maximum at 30 ng/min/kg. 


umbilical blood flow and fetal mean arterial pressure 
measured from the aorta, neglecting venous and am- 
niotic pressures. Our values for umbilical vascular re- 
sistance may therefore be slightly greater than the true 
vascular resistance of the fetoplacental vascular bed, 
but we estimate this to be less than 10%. To verify this 
estimate, two additional animals were studied in which 
central venous pressure was measured. In these animals 
central venous pressure was 3 mm Hg at baseline and 
increased to a maximum of 7 mm Hg at the highest 
dose of arginine vasopressin, in agreement with the 
study by Tomita et al." 

Statistical analysis. One-factor analysis of variance 
with repeated measures across different intravenous 
infusion rates of arginine vasopressin was used to de- 
termine if any differences existed in hemodynamic re- 
sponses to different doses of arginine vasopressin. 


Newman-Keuls post hoc analysis was then used to de- 


termine which groups were significantly different from 
each other (p < 0.05). 


Results 


No significant differences were observed in maternal 
hemodynamic measurements with different doses of 
arginine vasopressin. These results are shown in Table 
I. However, significant dose-related differences were 
observed in fetal responses. 

Fetal heart rate significantly decreased from a base- 
line value of 168 + 8 beats/min throughout the range 
of arginine vasopressin infusion rates to a value of 
99 + 8 beats/min at the highest infusion rate (Fig. 1), 
whereas the fetal mean arterial pressure response to 
arginine vasopressin infusion was sigmoidal. No sig- 
nificant changes could be observed in fetal mean ar- 
terial pressure from baseline to 3 ng/min/kg, with fetal 
mean arterial pressure ranging from 54 + 2 to 59 + 3 
mm Hg. Fetal mean arterial pressure increased signif- 
icantly above baseline at 10 ng/min/kg to 63 + 3 mm 
Hg, increased further at 30 ng/min/kg to 71 + 3 mm 
Hg, but did not increase above this level at higher in- 
fusion rates (Fig. 2). 
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Fig. 3. Percent change in common umbilical artery blood flow from baseline value in response to 
arginine vasopressin infusion. Values are means + SE, n = 7. The | ng/min/kg value was not 
significantly different From baseline. All other values are significantly lower than baseline (p < 0.05). 
Umbilical blood flow Curing the 300 ng/min/kg dose was significantly lower than at all other doses 


(p < 0.05). 


Umbilical blood flow significantly decreased from a 
baseline value of 603 + 53 to 581 + 76 ml/min at the 
infusion rate of 3 ng/min/kg (p < 0.05). Throughout 
the range of infusion rates of 2 to 100 ng/min/kg, 
umbilical blood flow was significantly less than base- 
line but remained relatively stable in the range of 
581 + 76 to 521 + 48 ml/min. No further significant 
decrease could be observed until the highest dose (300 
ng/min/kg), at which umbilical blood flow was reduced 
to 417 + 61 ml/min (Fig. 3). 

Umbilical vascular resistance was not altered at the 
two lower infusion rates (0.095 + 0.01 to 0.108 + 
0.012 mm Hg/ml/min). Umbilical vascular resistance 
increased significantly above baseline (p < 0.05) at 10 
ng/min/kg and continued to ris2 at higher infusion 
rates up to 0.192 + 0.022 mm Hg/ml/min at the high- 
est infusion rate (Fig. 4). 


Comment 


The effects of arginine vasopressin on fetoplacental 
blood flow have not previously been determined 
throughout the range of plasma vasopressin levels ob- 
served during fetal stress. Fetoplacental blood flow has 
been measured only during single infusion rates of ar- 
ginine vasopressin.®* ° Iwamoto et al. infused arginine 

. vasopressin at a rate (4 ng/min/kg) that is at the lower 
range of those used in our investigation and resulted 
in a mean plasma arginine vasopressin concentration 
of 64 pg/ml. Rurak and Gruber” infused arginine va- 
sopressin to produce an estimated plasma arginine va- 
sopressin concentration of 200 pg/ml. However, during 
fetal stress plasma arginine vasopressin levels may in- 
crease to 500 pg/ml or higher.“ Other investigators 
have infused arginine vasopressin at rates that have 
produced fetal plasma concentrations in the range of 


those observed during more profound fetal stress, but 
these investigators did not measure umbilical blood 
flow." 

In this study.we infused arginine vasopressin at rates 
of 1 to 300 ng/min/kg estimated fetal body weight 
(approximately 2 to 600 ng/min). On the basis of the 
regression equation of Tomita et al.,'' we estimate that 
this range of infusion rates should increase plasma ar- 
ginine vasopressin levels by 3 to 1300 pg/ml, a range 
that should include arginine vasopressin levels during 
the most severe fetal distress... We measured feto- 
placental blood flow with transit-time Doppler flow 
probes to obtain repeated measurements for each fetus 
throughout this wide range of arginine vasopressin in- 
fusion rates. With this method we found dose-related 
changes in fetal heart rate, fetal mean arterial pressure, 
umbilical blood flow, and calculated umbilical vascular 
resistance. 

At a plasma arginine vasopressin concentration of 64 
pg/ml no change in fetoplacental blood flow could be 
observed with the radiolabeled microsphere method,’ 
although both mean arterial pressure and umbilical vas- 
cular resistance were significantly increased. At the 
lower infusion rates in our investigation that corre- 
spond to those used by Iwamoto et al., common um- 
bilical blood flow was well maintained. At infusion rates 
as high as 100 ng/min/kg, common umbilical blood 
flow was reduced only 4% to 13%, largely as a result 
of the increasing arterial pressure that offset the in- 
crease in umbilical vascular resistance. The change in 
fetal mean arterial pressure, in contrast to that of um- 
bilical vascular resistance, is sigmoidal. There was no 
significant difference in fetal mean arterial pressure at 
the two lowest infusion rates, significant increases at 
the next two infusion rates, and then no further 
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Fig. 4. Percent change in calculated umbilical vascular resistance from baseline value in response to 
arginine vasopressin infusion. Values are means + SE, n = 7. The | and 3 ng/ min/kg values were 
not significantly different from baseline. Umbilical vascular resistance was significantly greater than 
baseline at all other doses (# < 0.05) and continued to increase throughout the highest dose. 


significant changes, suggesting a maximum arginine 
vasopressin—induced mean arterial pressure of ap- 
proximately 70 mm Hg. Therefore at the infusion rate 
of 300 ng/min/kg, fetal arterial pressure no longer 
increased to offset the increasing umbilical vascular re- 
sistance and resulted in a 31% decline in fetoplacental 
blood flow from control values. ; 

Rurak and Gruber” reported that fetoplacental 
blood flow measured by the antipyrine method in- 
creased proportionally with arterial pressure. The dis- 
parity between our results and those of Rurak and 
Gruber may be a result of the method of measuring 
fetoplacental blood How. We used transit-time Doppler 
flow probes for continuous measurements of common 
umbilical blood flow, but Rurak and Gruber" estimated 
fetoplacental blood flow by the steady-state antipyrine 
diffusion method at specific times during and after ar- 
ginine vasopressin infusion at a single rate. 

The plasma arginine vasopressin concentration that 
produced the 31% reduction in fetoplacental blood 
flow is probably in excess of that found even in extreme 
fetal distress caused by asphyxia. Infusion rates of ap- 
proximately 10 ng/min/kg are sufficient to increase 
plasma arginine vasopressin levels by 144 to 200 
pg/ml.” !! These lower infusion rates that produce 
plasma arginine vasopressin concentrations observed in 


fetuses undergoing milder stresses'- reduced fetopla-. 


cental blood flow only 4% to 13% in our investigation, 
whereas significant vasoconstriction is observed in vas- 
cular beds other than the placenta, heart, brain, and 
adrenal glands.**'' Therefore it appears that the fe- 
toplacental vascular bed is relatively insensitive to the 
vasoconstrictor properties of circulating arginine va- 
sdpressin or is capable of autoregulation when rela- 
tively high plasma arginine vasopressin levels occur. 


The decrease in heart rate appeared to be linear 
throughout the range of arginine vasopressin infusion 
rates used in this investigation. This contrasts with the 
report by Wiriyathian et al.° who reported that the de- 
crease in heart rate was not dose related and arginine 
vasopressin had a maximum effect of reducing fetal 
heart rate by 40 beats/min. However, this group used 
a more limited, range of infusion rates (approximately 
2 to 9 ng/min/kg) and found no difference in heart 
rate between the two highest infusion rates. With 
greater infusion rates (1 to 300 ng/min/kg), we found 
that fetal heart rate continued to decrease at higher 
doses and by more than 60 beats/min; in agreement 
with findings by Tomita et al."' 

The vasoconstrictor properties of AVP vary with ves- 
sel type and vascular bed.” “Arginine vasopressin 
has been shown to be a vasodilator in the cere- 
bral circulation’® and may bind to’ sites on endo- 
thelium in the cerebral vasculature to release an 
endothelium-derived relaxing factor,” whereas argi- 
nine vasopressin—induced release of adrenocortico- 
tropic hormone appears to be responsible for the 
elevated adrenal blood flows observed with high cir- 
culating levels of arginine vasopressin.’ Although ar- 
ginine vasopressin does not appear to increase fetopla- 
cental blood’ flow and, at extreme levels, it actually 
reduces umbilical blood flow, the redistribution of 
cardiac output from less oxygen-dependent tissues 
to the heart and brain produces an increase in arterial 
Po,.* 7-9. 12 

The three functions of arginine vasopressin (re- 
nal, endocrine, and cardiovascular) appear to operate 
through different arginine vasopressin receptors.'? 
Moreover, the renal and endocrine effects of arginine 
vasopressin are not yet well developed in the fetus.>” 
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However, the pressor effect and regional differential 
sensitivities appear to be present by 0.4 gestation,’ 
whereas sympathetic control of blood pressure may not 
be fully developed before birth.” Therefore, although 


arginine vasopressin control of the cardiovascular sys- 


tem is rather slow-acting,® it appears to fulfill an im- 
' portant role in the developing fetus. Maximum argi- 
nine vasopressin levels are not achieved until hemo- 
dynamic responses to fetal stresses have stabilized.° 
Therefore arginine vasopressin may not have a primary 
_role in maintenance of fetal cardiovascular homeostasis 
at the onset of fetal stress. Other vasoconstrictors such 
as catecholamines may provide the immediate pressor 
‘responses *! and arginine vasopressin may be the sec- 
ond hormone in the fetal response to stresses, stabiliz- 
ing the fetal cardiovascular system by redistributing 
cardiac output, stimulating adrenocorticotropic hor- 
mone release; and conserving plasma volume. 

In summary, we measured common umbilical blood 
flow ‘during infusion of arginine vasopressin into ovine 
fetuses. Although a dose-dependent increase in um- 
bilical vascular resistance was observed, the decrease in 
placental flow was relatively small up to the highest 
infusion rate used in this investigation, which produces 
plasma arginine vasopressin levels observed only under 
extreme levels of fetal stress. 


We thank Claudia Chalk, Susan Knippenberg, Ken- 
neth Moore, and Cheryl Theiss for technical support. 
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Need for a prospective treatment trial 
To the Editors: 

On the basis of data presented by Lockshin and col- 
leagues (Lockshin MD, Druzin ML, Qamar T. Pred- 
nisone does not prevent recurrent fetal death in women 
with antiphospholipid antibody. AM J OBSTET GyNE- 
COL 1989;160:439-43), it would be wrong to conclude 
that “Prednisone does not prevent recurrent fetal death 
in women with antiphospholipid antibody.” It was 
equally wrong to conclude from previous reports™? that 
prednisone is efficacious in the prevention of fetal 
death in these women. The promise of treatment rep- 
‘resents the most persuasive reason for identification of 
women with lupus anticoagulant or anticardiolipin- 
related recurrent fetal loss. On the basis of our very 
limited knowledge of the relationship of these antibod- 
ies to fetal loss, logical approaches to treatment have 
been either suppression of the (possibly) offending an- 
tibodies by steroids or immunosuppressive agents, or 
prevention of the (presumed) abnormal placental clot- 
ting process by subcutaneous administration of hepa- 
rin, aspirin alone, or aspirin and dipyridamole. It 
should be stated that Professor Lubbe and coworkers 


and Dr. Branch and coworkers have extended their. 


series well beyond the numbers originally reported’? 
and both groups continue to find (in series each ex- 
ceeding 25 treated women) that pregnancy outcome is 


improved with the use of relatively high doses of pred- 


nisone and aspirin. A careful review of the data pub- 
lished by Dr. Lockshin and colleagues suggests that only 
three of their patients with histories of recurrent fetal 
loss received high doses of prednisone for >10 weeks, 
and two of these had live births. They also happened 


to be two in this series who received prednisone for the _ 


longest period of time—36 weeks (patient 8) and 27 
weeks (patient 10). Whether these two patients would 


have done equally as well on aspirin alone, as did other | 


patients in this series, is a matter of speculation. 
Rather than continue the controversy about the 
efficacy' or lack thereof, of prednisone, it would be 
better that some objective means be used to answer this 
question. After the Third International Workshop on 
Antiphospholipid Antibodies,* >40 clinical centers in 
12 countries have prepared a carefully designed plan 
for a prospective, multicenter treatment trial of women 


with antiphospholipid antibody—related recurrent fetal 


loss.’ This study will compare prednisone (40 mg/day) 


plus low-dose aspirin (60 to 80 mg/day) versus high _ 


doses of subcutaneous administration of heparin (suf- 
ficient to prolong the partial thromboplastin time to 1.5 
to 2.0 times normal). In affected women pregnant for 


the first time, a second study will compare low-dose. 


aspirin with a placebo. To achieve statistically significant 
results it is estimated that >350 women will need to be 
recruited. However, the enthusiasm with which inves- 
tigators worldwide have greeted plans for this study 
makes recruitment of this seemingly large number of 
patients a distinct reality. Ne . 
Efficacy and toxicity will be equally important con- 


cerns of this study, and an external Advisory-Review 
and Data Monitoring Committee (made up of experts 
in relevant biomedical fields, biostatistics, and medical 
ethics) has been appointed and will be empowered to 
recommend cessation of the study if one form of treat- 
ment is found unacceptable because of complications. 
Only with the conduct of a study such as this one can 
some of the troubling issues raised by Lockshin and 
colleagues be answered satisfactorily. 

E. Nigel Harris, MD 
Department of Medicine 


. University of Louisville 


Louisville, KY 40292 
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Journal article appraisal 
To the Editors: 

The article by Seifer et al. (Seifer DB, Adelson MD, 
Abdul-Karim RW, Baggish MS. Appraising a clinical 
journal article in obstetrics and gynecology. AM J OB- 
STET GYNECOL 1989;160:198-201) should be manda- 
tory reading for every resident before discussion of 
articles in a journal club. By using their guidelines a 
reader can more easily assess the validity and impor- 
tance of the article. 

In addition to these guidelines, another important 
piece of information can be found in the lower left- 
hand corner of the title page of each article. While I 
was a resident at Northwestern University, Dr. Albert 
Gerbie, the director of our journal club, pointed out 
that it was helpful to note who funded the study that 
was being reported. Because it is very rare to find a 
study that is sponsored by a pharmaceutical company 
and is critical of its own product, I believe it is necessary 
to examine such articles with additional scrutiny. 

_ In regard to ideas for further research, the authors 
of this article may wish to consider writing an arti- 
cle appraising clinical journals in obstetrics and gyne- 
cology. 

Joseph G. Capecchi, MD 
Parkview Women’s Center 
360 Sherman St., Suite 400 
St. Paul, MN 55102 


Oral contraceptives and infection rates 


` To the Editors: 


Louv et al. (Louv WC, Austin H, Perlman J, Alex- 
ander WJ. Oral contraceptive use and the risk of chla- 
mydial and gonococcal infections. AM J] OBSTET GY- 
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NECOL 1989;160:396-402) reported that use of oral 
contraceptives “increased the infection rates for both 
chlamydia and gonorrhea.” Their analysis adjusted for 
the potentially distorting influence of frequency of coi- 
tus, number of partners, age, number of pregnancies, 
and number of live births. However, their analysis did 
not control for the potential confounding effect of the 
sexual exposures of the partners of these women. 

A reanalysis of the Women’s Health Study' found 
different risks of pelvic inflammatory disease among 
users of intrauterine contraceptive devices with only 
one sex partner in the past 6 months. Compared with 
sexually active women using no contraception, women 
who were never married were at significantly increased 
tisk of pelvic inflammatory disease; married or coha- 
biting women were not. The authors suggested that the 
increased risk among never-married women might be 
a result of the promiscuous behavior of their sex 
partners. 

In the study by Louv et al., the comparison group 
consisted of 201 women who were sterilized or who 
were users of intrauterine contraceptive devices. The 
comparison group was older (median difference, 4 
years) and of higher parity (median difference, 1). 
Thus it appears plausible that such women would be 
more likely to be in mutually monogamous relation- 
ships than oral contraceptive users and hence at lower 
risk of acquiring a sexually transmitted disease. Stated 
alternatively, the sex partners of the younger oral con- 
traceptive users might be more likely to have other sex 
partners and thus be more likely to acquire‘a sexually 
transmitted disease that could be transmitted to the oral 
contraceptive user. 

In the absence of information about the sexual ex- 
posures of these men, adjustment by marital status and 
number of partners might be an alternative approach. 
Until this question is resolved, attributing a causal role 
for oral contraceptives in cervical infection with chla- 
mydia or gonorrhea seems inappropriate. 

Louv and associates report in their abstract that the 
“rates of gonorrheal infection differed significantly 
among oral contraceptive formulations,” with ‘rates 
higher for those with more androgenic progestins. The 
95% confidence intervals for the relative rates for three 
different progestins in Table V overlap widely, and 
these rates do not appear to differ significantly. 

David A. Grimes, MD 
Daniel R. Mishell, Jr., MD 
Department of Obstetrics and Gynecology 
University of Southern California School of Medicine 
Women’s Hospital 
1240 North Mission Road 
Los Angeles, CA 90033 
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Reply 
To the Editors: 

Drs. Grimes and Mishell suggest that the increased 
chlamydial and gonococcal infection rates among oral 
contraceptive users in our study is a result of increased 
sexual activity among their partners. They recommend 
that we include marital status as an additional covariate 
in our regression models. We did evaluate marital status 
as a potentially confounding factor in our preliminary 
analyses. However, since it was not an independent de- 
terminant of chlamydia and gonorrhea, it did not con- 
found the oral contraceptive association and therefore 
was deleted from the models. 

Thus the contention that our results were con- 
founded by the sexual activity of the subjects’ partners 
requires that among women of like marital status and 
sexual activity, the oral contraceptive users were ex- 
posed to greater risk by their partners than were 
women who did not use oral contraceptives. We con- 
sider this scenario unlikely and therefore consider their 
explanation of our study findings implausible. 

The authors also question our conclusions regarding 
the association between the risk of gonococcal infection 
and the androgenicity of the progestins used in oral 
contraceptives. The relative rate estimates for gono- 
coccal infection in Table V have nonusers of oral con- 
traceptives as the referent category, and therefore these 
estimates are positively correlated. Because the stan- 
dard errors of comparisons between the relative rates 
are affected by these correlations, the fact that their 
confidence intervals overlap does not imply that there 
are no differences in the rates of gonorrhea among 
users of the different formulations. 

A one degree of freedom test with equally spaced 
scores for the three oral contraceptive formulations in- 
dicates that there is a statistically significant trend to- 
ward higher rates of gonorrhea with more androgenic 
progestins (p = 0.016). This trend is caused primarily 
by a significantly lower rate among users of norethin- 
drone acetate-containing oral contraceptives compared 
with the other two formulations (p = 0.017). 

William C. Louv, PhD 
Merrell Dow Research Institute 
2110 East Galbraith Road 
Cincinnati, OH 45215 
Harland Austin, DSc 
University of Alabama at Birmingham 
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Intrapartum fetal asphyxia 


To the Editors: 

The article by Dr. Low regarding the biochemical 
diagnosis of intrapartum fetal asphyxia (Low JA. The 
role of blood gas and acid-base assessment in the di- 
agnosis of intrapartum fetal asphyxia. AM J OBSTET 
GYNECOL 1988; 159:1235-40) has profound clinical and 
medicolegal implications. A metabolic acidosis on a fe- 
tal scalp capillary sample or in umbilical cord blood is 


usually regarded as evidence of intrapartum asphyxia. | 
As reported by Dr. Low, however, clinical evidence of | 


fetal distress in labor, such as meconium staining of the 
amniotic fluid or fetal heart rate abnormalities, is only 
occasionally associated with fetal acidosis.. 

This has also been the experience in 6646 patients 
delivered in this hospital in 1987': 350 cases (5.3%) 
required fetal scalp sampling in labor for meconium- 
stained amniotic fluid or fetal heart rate abnormalities. 
Only 13 of the 142 cases (9.2%) with meconium-stained 
fluid and 22 of the 208 cases (10.6%) with fetal heart 
` rate abnormalities had an acidotic fetal scalp sample 
(pH <7.20). Delivery was expedited in these 35 cases 
with intrapartum acidosis; one neonate had transient 
mild neurologic abnormalities but is now normal. In 
315 patients with normal scalp pH in labor, there were 
three cases of neonatal seizures; each infant is now 
normal. Two of these three cases had normal cord pH 
values. This suggests that the seizures were caused by 
a problem(s) other than intrapartum asphyxia. 

We disagree with Dr. Low’s assertion that a significant 
degree of metabolic acidosis on cord sampling at de- 
livery establishes “that an episode of asphyxia has 
occurred during labor and delivery.” Metabolic acido- 
sis at birth may be the result of other causes, includ- 
ing inborn metabolic errors, and may develop ante- 
partum.” * 

Intrapartum asphyxia remains difficult to predict 
and diagnose.* Public and legal opinion is currently 
convinced that newborn neurologic abnormalities are 
evidence of intrapartum asphyxia and obstetric mis- 
© management.® The limitations of current methods of 
antepartum and intrapartum monitoring must be rec- 
ognized. If the assumptions that metabolic acidosis at 
delivery and newborn neurologic abnormalities are in- 
variably caused by intrapartum asphyxia are not chal- 
lenged in clinical practice, then it may be impossible to 
do so in the courts. 

D. P. J. Barton, MD 
M. J. Turner, MD 
J. M. Stronge, MD 
National Maternity Hospital 
Holles Street 
Dublin 2, Ireland 
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Reply 
To the Editors: 

The correspondents have provided further data to 
emphasize the importance of blood gas and acid-base 
assessment in the diagnosis of intrapartum fetal as- 
phyxia. However, the assertion that a significant degree 
of metabolic acidosis on cord sampling at delivery es- 
tablishes “that an episode of asphyxia has occurred dur- 
ing labor and delivery” is questioned. 

Although no consensus has yet been established, the 
degree of significant metabolic acidosis at delivery is 
severe. Metabolic disease in the fetus may be associated 
with metabolic acidosis. However metabolic disease is 
rare, and the degree of metabolic acidosis is modest. 
These findings should not be confused with the severe 
metabolic acidosis of a significant episode of asphyxia. 

The authors correctly note that fetal hypoxemia may 
occur in the antepartum period. Antepartum asphyxia 
accounts for a number of antepartum fetal deaths and, 
in some cases, neuropathology that would result in mo- 
tor and/or cognitive deficits if the fetus survives.’ The 
fetus, particularly the growth-retarded fetus, may dem- 
onstrate antepartum hypoxemia; however, the oxygen 
content may remain constant because of the compen- 
satory rise of hemoglobin concentration.” > Some of 
these fetuses are sensitive to the stress of modest labor 
with a rapid progression from mild to severe metabolic 
acidosis. In such circumstances, the asphyxial process 
began before the onset of labor. However, labor and 
delivery have been the final insult accounting for the 
significant degree of metabolic acidosis identified in the 
cord blood at delivery. 

Although exceptions may occur, and more may be 
defined with further experience, it would be reasonable 
at this stage to assume that a fetus with a severe met- 
abolic acidosis at delivery has experienced an asphyxial 
episode during labor. The more difficult question is a 
measure of the duration of the episode in each case. 

i James A. Low, MD 
Department of Obstetrics and Gynaecology 
Queens Umversity 
Kingston, Ontario, Canada K7L 3N6 


REFERENCES 


1. Low JA, Robertson DM, Simpson LL. Temporal relation- 
ships of neuropathologic conditions caused by perinatal 
asphyxia. AM J OBSTET GYNECOL 1989;160:608-14. 

2. Soothill PW, Nicolaides KH, Rodeck CH, Campbell S. The 


1124 Correspondence 
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Prediction of fetoplacental blood volume in 

isoimmunized pregnancy 
To the Editors: 

In the December 1988 issue of the JOURNAL 
(MacGregor SN, Socol ML, Pielet BW, Sholl JT, Min- 
ogue JP. Prediction of fetoplacental blood volume in 
isoimmunized pregnancy. AM J OBSTET GYNECOL 
1988; 159:1493-7) MacGregor et al. presented an esti- 
mate of the fetoplacental blood volume calculated at 
the time of ultrasonographically guided intravascular 
fetal transfusions. We would like to address the follow- 
ing questions to the authors. 

1. Why were the hydropic fetuses included in the 
analysis to determine the normal fetoplacental blood 
volume curve relative to gestational age? Phibbs et al.’ 
have demonstrated that red blood cell volume de- 
creases and plasma volume increases proportionally 


with the degree of anemia in the neonate affected by . 


rhesus alloimmunization. Thus hydropic infants with 
severe anemia had large plasma voluines, whereas those 
with milder anemia did not. Would it not have been 
more appropriate for the authors to have established 
a normal curve for fetoplacental volume and then have 
plotted the hydropic fetuses on this curve? 

` 2. Why did the volume of the initial sample not ap- 
pear in the final equation? Nicolaides et al.? measured 
human fetoplacental blood volume on the same basis 
of the change in hematocrit, and the volume of the 
initial sample is included in their equation. 

3. Do the authors believe that the plasma volume is 
affected by the severity of the disease? If so, how does 
the plasma volume change after serial intrauterine 
transfusions? l 

Line Leduc, MD 
Kenneth J. Moise, Jr., MD 
Division of Maternal-Fetal Medicine 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 
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Reply 

To the Editors: 

.  lappreciate the opportunity to respond to the ques- 
tions raised by Drs. Leduc and Moise. Phibbs et al. did 
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indeed demonstrate decreases in red blood cell volume 
and increases in plasma volume with the presence of 
hydrops in newborns; however, there was no difference 
in blood volume between nonhydropic and severely 
hydropic fetuses. The issue addressed in our study was 
blood volume, rather than either red blood cell volume 
or plasma volume. Phibbs et al. stated that their “find- 
ings show that severely hydropic infants may be only 
mildly anemic (4 of 18 had hematocrits between 30% 
and 40%) and can have total blood and plasma volumes 
that are normal or low by the established standards for 
newborn infants without erythroblastosis.” Although 
this study suggests that blood volume is similar in non- 
hydropic and hydropic infants, we did compare feto- 
placental blood volume in the nonhydropic and hy- 
dropic fetuses and as noted in the manuscript, these 
calculations were similar. Because these calculations 
were similar, the hydropic infants were not excluded 
from the analysis. 

The volume of the initial sample did not appear in 
the final equation (equation 4) for several reasons. This 
equation was not offered as a means of calculating ini- 
tial blood volume, but rather as a means of predicting 
the required transfusion volume. The adequacy of fetal 
transfusion is based on posttransfusion fetal hemato- 
crit. The volume of blood initially sampled is usually 1 
to 2 ml, and inclusion of sample volume in the formula 
used to predict required transfusion volume would add 
to the complexity of the equation while adding little to 
the accuracy. 

The plasma volume is likely affected by the severity 
of the fetal sensitization; however, this study addresses 
blood volume rather than plasma volume. As Drs. 
Leduc and Moise stated, Phibbs et al. “demonstrated 
that red blood cell volume decreases and plasma vol- 
ume increases proportionally with the degree of ane- 
mia.” If it is assumed that serial intrauterine transfu- 
sions decrease the severity of fetal anemia, plasma vol- 
ume probably decreases after serial transfusions. 
However, blood volume probably does not. 

I appreciate the interest of Drs. Leduc and Moise in 
our study. 

Scott N. MacGregor, DO 
Division of Maternal-Fetal Medicine 
Northwestern University Medical School 
Evanston Hospital 

2650 Ridge Ave. 

Evanston, IL 60201 


Fetal umbilical blood gas values as 

diagnostic criteria 
To the Editors: 

Dr. Warren and associates’ case report (Warren W, 
Ronkin S, Chayen B, Needleman L, Wapner RJ. Ab- 
sence of end-diastolic umbilical artery blood flow pre- 
dicts poor fetal outcome despite normal blood gases. 
Am J OBSTET GyNECOL 1989;160:197) demonstrates 
the need to apply appropriate norms before attempting 
to‘interpret pathology reports. In our institution nor- 
mal umbilical venous blood gas values (+1 SD) for 26 
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to 28 weeks’ gestation are as follows: pH, 7.42 + 0.02; 
Pco,, 34.6 + 2 mm Hg; Po,, 42.2 + 5 mm Hg; base 
deficit, —0.8 + 1 mmol/L; bicarbonate, 22.5 + 1 
mmol/L; oxygen saturation, 79% + 7%. 

These norms are based on 25 normal infants and I 
believe they are accurate. On the basis of these criteria, 
the fetus in their report was both hypoxic and acidotic. 
Thus it does not appear that their conclusion is sup- 
ported by their data. Absent diastolic flow in the ab- 
sence of technical error does seem to indicate a fetus at 
great risk. At the University of Iowa, eight such fetuses 
have been identified. Each had blood gas parameters 
two standard deviations below the norm for gestational 
age. Those who did not have a positive oxytocin chal- 
lenge test at the time of examination (n = 2) continued 
to decline in their metabolic status over time despite an 
attempt at oxygen therapy. Their case report seems to 
support our larger experience and the experience of 
others that the absence of umbilical artery diastolic flow 
is a worrisome finding. 

Carl P. Weiner, MD 
Department of Obstetrics and Gynecology 
University of Iowa 
Iowa City, IA 52242 - 


Reply 
To the Editors: 

We appreciate Dr. Weiner’s comments and agree with 
his conclusion that absent diastolic umbilical artery 
blood flow represents a worrisome condition. In fact, 
our patient’s course illustrates that in the setting of 
absent diastolic flow, the fetal conditions is labile and 
can deteriorate rapidly. We also demonstrate that al- 
though immediate delivery may not be warranted, fre- 
quent fetal testing is mandatory. 

We would like to emphasize that although the um- 
bilical venous blood gas values in our report are not 
within Dr. Weiner’s normal ranges, the pH, Pco,, bi- 
carbonate, and base excess fall within the 95% confi- 
dence range as reported by Soothill et al.' The Po, valué 
falls just below the normal range for this gestational 
age in both reports. When combined, these disparate 
reports represent only 46 fetuses at 24 to 28 weeks’ 
gestation. More data are needed to establish a normal 
range and define the predictive value of an abnormal 
result in the setting of absent diastolic flow. 

Wendy B. Warren, MD 
Sheila Ronkin, MD 
Benjamin Chayen, MD 
Laurence Needleman, MD 
Ronald J. Wapner, MD 
Department of Obstetrics and Gynecology 
Columbia Presbyterian Medical Center PH 16 
622 W. 168th St. 
New York, NY 10032 
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- Umbilical vein oxytocin 


To the Editors: 

Drs. Reddy and Carey have contributed another 
study on the use of umbilical vein oxytocin injection 
post partum (Reddy VV, Carey JC. Effect of umbilical 
vein oxytocin on puerperal blood loss and length of 
the third stage of labor. AM J OBSTET GYNECOL. 
1989; 160:206-8). I remain confused regarding how this 
method could lead to high concentration of oxytocin 
at the uterine wall. 

In 1932 Brandt’ reported on his technique of injec- 
tion, after birth of the child, of an average of 50 ml of 
sodium iodide into the umbilical vein followed by an 
immediate x-ray film. He found the placenta detached, 
folded and lying in the lower segment of the uterus. 
He also observed an average of 50 ml of blood flowed 
from the severed cord at the time of delivery. 

When attempting to drain all. the blood from the 
placenta at the time of delivery, I have obtained from 
30 to 120 ml depending on how soon the cord was 
clamped and condition of the newborn. The umbilical 
and placental vascular beds are consequently very dis- 


tensible. 


An umbilical vein injection of only 30 ml, as used by 
the authors, would be unlikely to reach the maternal 
surface of the placenta in total and then diffuse over 
the uterine wall. Indeed, I have injected a 2.0% solution 
of methylene blue into 15 recently delivered placentas. 
Only after 45 to 130 ml of intraumbilical injection did 
the blue solution appear on the maternal surface of the 
placentas. Its earlier appearance seemed to depend on 
the presence of tears in the maternal surface. Addition 
of oxytocin to the infusing solution seemed to make no 
difference. 

The authors’ data for injection of 30 ml of oxytocin 
solution are impressive but for me lack explanation. 
Possibly their results are related to the “Gabaston” pro- 
cedure as described by Brandt. It consists of injecting 
a solution into the umbilical vessels to increase the 
weight of the placenta. Or again, considering Brandt’s 
findings, perhaps we all should use 50 ml of intraum- 
bilical sodium iodide immediately after delivery of the 
newborn. 

Robert C. Goodlin, MD 
City and County of Denver 
Department of Health and Hospitals 
777 Bannock St. 
Denver, CO 80204-4507 
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Reply 
To the Editors: 

We welcome the opportunity to reply to Dr. Goodlin’s 
letter. We are also uncertain of the mechanism by which 
umbilical vein injection of oxytocin shortens the third 
stage of labor and decreases postpartum blood loss. We 
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Table I. Differences among four 
treatment regimens 


No. 10 9 

Measured blood loss 275 313 170 125 
(m) > 

Length of third 7.4 8.7 6.1 3.7 


stage of labor (min) 


had earlier hypothesized that the effect was a result of 
a high concentration of oxytocin at the uterine wall, 
but our experiment did not test this hypothesis. 

To test the hypothesis that the effect was a result of 
a higher concentration of oxytocin and not added vol- 
ume in the placental vascular bed, we performed the 
following experiment. We randomly assigned women 
to receive one of four treatment regimens. Group 1 
received no injection; group 2 received 30 ml saline 
solution; group 3 received 30 ml saline solution plus 
10 U oxytocin; and group 4 received 30 ml saline so- 
lution plus 20 U oxytocin in the umbilical vein imme- 
diately on clamping the cord. The solutions were given 
in a double-blinded fashion. The four groups were sim- 
ilar in parity, birth weight, placental weight, and length 
of the first and second stage of labor. We found dif- 
ferences, as shown in Table I. By x? analysis, the dif- 
ferences in the length of the third stage and in the 
measured blood loss are significant at the p < 0.05 
level. 

The effect appears to be a result of the concentration 
of oxytocin in the solution. We think that oxytocin may 
diffuse to the maternal surface over a 2- to 3-minute 
period after injection while the placenta is still attached 
to the uterine wall and transport between maternal and 
placental vessels may still be occurring. 

J. Chris Carey, MD 
Virginia V. Reddy, MD 
Department of Obstetrics and Gynecology 
College of Medicine Cee) of Oklahoma 
P.O. Box 26901 
South Pavilion, Room 700 
Oklahoma City, OK 73190 


Use of cordocentesis in fetal hemolytic disease 

and autoimmune thrombocytopenia 
To the Editors: 

I read with great interest two articles published in 
the November 1988 edition of the JouRNAL (Reece EA, 
Copel JA, Scioscia AL, Grannum PAT, De Gennaro N, 
Hobbins JC. Diagnostic fetal umbilical blood sampling 
in the management of isoimmunization. AM J OBSTET 
GYNECOL 1988;159:1057-62. Scioscia AL, Grannum 
PAT, Copel JA, Hobbins JC. The use of percutaneous 
umbilical blood sampling in immune thrombocytopenic 
purpura. AM J OBSTET GYNECOL 1988;159: 1066-68). 
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These articles concern the application of cordocentesis 
for fetal hemolytic disease and autoimmune throm- 
bocytopenia. I was somewhat confused by the logic be- 
hind the management protocols and by what seems to 
be conflicting philosophy between the two. Perhaps 
some information is missing? 

In the first article, Reece et al. récommend a tradi- 
tional approach to. the’ nonhydropi¢. fetus at risk for 
hemolytic disease when the optical density at 450 nm 
(AOD,so) is below high zone II. Certainly the manage- 
ment of this disorder is in a state of flux. However, 
Liley’ and Nicolaides et’al.? (among others) have dem: 
onstrated that a wide range in hematocrit is possible 
throughout zone II and at gestational ages in excess of 
26 weeks. For example, Liley noted that between 28 
and 31 weeks, approximately 25% of neonates in lower 
zone II are unaffected but 18% are moderately to se- 
verely affected. This pattern persists up to 37 weeks. 


‘Bowman’ reported that the predictive inaccuracy of a 


AOD,59 in zone II is 8.4%; in 3.4% the error would be 
life threatening. More recently, MacKenzie et al.‘ ob- 
served that the AOD,;. was misleading in 21% of cases 
when a fetal hematocrit was also available. It appears 
that the authors’ major concern is the risk of cordo- 
centesis compared with simple amniocentesis. They 
seem to conclude both that the risk of a serious, errant 
decision based on the AOD4s (3% to 4%) is much 
smaller than the risk of cordocentesis and that there is 
no benefit from the early diagnosis of prehydropic ane- 
mia. Yet most centers report a loss rate from cordo- 
centesis of 1% or less in this patient population (0 of 
265 for this indication at the University of Jowa). 

In the second article, Scioscia et al. report on the 
efficacy of cordocentesis for the diagnosis of fetal 
thrombocytopenia when the mother has autoimmune 
thrombocytopenia. They concluded, not surprisingly, 
that the fetal platelet count obtained via cordocentesis 
was highly predictive of the initial neonatal platelet 
count. Only one (or perhaps two) of the 19 fetuses 
studied had a worrisome platelet level. This supports 


. a report by Moise et al.>in which none of fetuses sam- 


pled had a platelet count <50,000 mm* and our ex- 
perience at Iowa over the last 6 years in which only one 
fetus in some 30 cases had a platelet count <50,000 
mm’at birth. Scioscia et al. suggest that the application 
of cordocentesis will improve patient management 
since the fetus is at risk for intracranial hemorrhage 
during labor. Unfortunately, no estimate of the actual 
risk to the fetus for this event is offered. Most reports 
of thrombocytopenia and antenatal intracranial hem- 
orrhage involve alloimmune thrombocytopenia (re- 
viewed in reference 6). After a search of the literature, 
I can only find one clearly documented case of intra- 
partum intracranial hemorrhage from autoimmune 
thrombocytopenia.° Considering that (1) the frequency 
of autoimmune thrombocytopenia exceeds that of al- 
loimmune thrombocytopenia by tenfold to twentyfold, 
(2) fetal intrapartum intracranial hemorrhage from au- 
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toimmune thrombocytopenia is a reportable event 
(even if I have missed a case or two), (3) it must be 
assumed the risk of intracranial bleeding before the 
active stage of labor (when a scalp platelet count could 
be done) is even rarer than the risk for the time up to 
and including vaginal delivery, and (4) the likelihood 
of the cordocentesis result altering care pattern is <1 
in 50, is not the recommendation for cordocentesis 
rather aggressive? 

The articles are rather confusing. On the one hand, 
cordocentesis is not used because of its risk when there 
is a chance (1 in 12 per Bowman) it will yield useful 
information. The authors would prefer to wait for ei- 
ther severe anemia or hydrops. Conversely, cordocen- 
tesis is advocated in lieu of a scalp platelet count early 
in labor in a situation when the risk of a fetal compli- 
cation from the disease is very low and there is at best 
a 1 in 50 chance the test will alter patient management. 
Would the authors kindly clarify their philosophy and, 
importantly, state directly the complication rate for cor- 
docentesis in their hands? This would allow readers to 
judge for themselves the wisdom of the proposed pro- 
tocols. 

Carl P. Weiner, MD 
Department of Obstetrics and Gynecology 
University of Iowa 
Towa City, [A 52242 
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Reply 
To the Editors: 

We appreciate the interest that Dr. Weiner has shown 
in our work and his comments on our two articles. 

There is no dichotomy in thought or conflict in phi- 
losophy in our use of percutaneous umbilical blood 
sampling for pregnancy management. In fact, we be- 
lieve our approach is balanced. For patients with iso- 
immunization, percutaneous umbilical blood sampling 
is used initially for the determination of the fetal an- 
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tigen status and may be repeated to aid in management 
decisions regarding elective preterm delivery or the 
initiation of in utero fetal blood transfusion. Optical 
density analysis and ultrasonography are used when 
serial information is needed and at a time when fetuses 
are preterm. We believe the combined use of spectral 
analysis, ultrasonography, and percutaneous umbilical 
blood sampling provide an integrated and reasonable 
approach to the management of these pregnancies. In 
term pregnancies complicated by immune thrombo- 
cytopenia purpura, a single percutaneous umbilical 
blood sampling procedure is used under controlled 
conditions in the labor and delivery suite where delivery 
can be expeditious if necessary. 

We recognize the limitations of optical density anal- 
ysis, particularly regarding its prediction of neonatal 
complications. Recent analysis of our own data has re- 
vealed that the positive predictive value of spectral anal- 
ysis in the prediction of neonatal complications is not 
ideal. However, the negative predictive values for both 
ultrasound and optical density are fairly high.' It is for 
these reasons that we currently use the aforementioned 
integrated approach to monitor isoimmunized preg- 
nancies. 

One could infer from Dr. Weiner’s comments that 
he is suggesting that serial percutaneous umbilical 
blood sampling be performed as often as every 2 weeks 
in place of our integrated approach. Despite our rel- 
atively low complication rate of about 1% for percu- 
taneous umbilical blood sampling—related interven- 
tions, such invasive procedures are clearly not innoc- 
uous. Serial percutaneous umbilical blood sampling 
would certainly provide useful information for preg- 
nancy management and may in fact become the method 
of fetal surveillance in the future. However, such an 
approach currently raises a number of unanswered 
questions, such as the potential for enhanced sensiti- 
zation or the potential for additive procedure-related 
risks. Therefore we believe that until these and other 
questions are examined in prospective studies analyzing 
the risk-benefit ratio of serial percutaneous umbilical 
blood sampling done throughout pregnancy, our in- 
tegrated approach is both balanced and judicious, pro- 
viding adequate and safe surveillance for these preg- 
nancies. 

As mentioned previously, the fetal assessment of 
the effects of immune thrombocytopenia purpura in- 
volves a percutaneous umbilical blood sampling pro- 
cedure performed on a term fetus. There is no 
theoretical reason why sampling should worsen the 
disease process. If an immediate complication of the 
procedure should occur, it will not result in a premature 
birth. The incidence of severe fetal thrombocytopenia 
(<50,000/mm’) appears to be less in recent. series 
than’ in older series, but the estimate of one in 50 
may be too low. Samuels et al.? recently reported that 
in 140 deliveries in 130 women with immune throm- 
bocytopenia, 11.3% of neonates had platelet counts 
<50,000/mm?. We agree with Dr. Weiner that the risk 
of labor and vaginal delivery for the infant with throm- 
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bocytopenia has not been precisely defined. However, 
the reports of intracranial hemorrhage associated with 
perinatal morbidity and mortality** lead us to the con- 
clusion that, at this time, the assessment of the fetal 
platelet status, either by percutaneous blood sampling 
or scalp sampling, and delivery of the infant with severe 
thrombocytopenia by cesarean section remains prudent 
obstetric management. 
. E. Albert Reece, MD 
Angela Scioscia, MD 
Joshua Copel, MD 
Peter Grannum, MD 
John C. Hobbins, MD 
Department of Obstetrics and Gynecology 
Yale University School of Medicine 
339 Farnam Memorial Building 
P.O. Box 3333 
New Haven, CT 06510-8063 
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Efficacy of prednisone treatment to prevent 
recurrent fetal death 


To the Editors: 

The article by Lockshin et al. (Lockshin MD, Druzin 
ML, Qamar T. Prednisone does not prevent recurrent 
fetal death in women with antiphospholipid antibody. 
Am J OBSTET GYNECOL 1989;160:439-43), unfortu- 
nately does not provide sufficient evidence to justify its 
title. First, in previously published reports referred to 
in the article, prednisone was given in divided doses of 
40 to 60 mg daily. The daily doses ranging from 5 to 
30 mg prescribed for 11 of 13 women treated in the 
study group were not in accordance with these previ- 
ously published standards. 

Second, the authors cite no evidence to support the 
suggestion that prednisone doses could be tapered after 
only 4 weeks of therapy without sacrificing efficacy. 
Although other mechanisms for corticosteroid-induced 
immunosuppression might be postulated, it is very un- 
likely that treatment for this short period (and with 
minimal doses) would result in any significant change 
in ánticardiolipin antibody levels described in this study 
as “high positive.” 
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Finally, because the investigation was not random- 
ized, it is important to consider carefully the “expected” 
outcome in each of the treatment groups. Unless one 
is reasonably confident that those patients treated with 
aspirin and those treated with prednisone were equally 
at risk for fetal loss, it is inappropriate to compare 
pregnancy outcomes for these groups. However, this is 
what was done in the construction of the life table iden- 
tified as Fig. 2, and the conclusion that “the difference 
for prednisone is highly significant” is based on this 
faulty assumption. Patients treated with moderate or 
higher doses of prednisone in this study were at higher 
risk for fetal loss based on their obstetric history. The 
mean number of prior fetal deaths for patients in their 
study who received 30 mg or more of prednisone daily 
was 3.0, significantly higher than the mean of 1.3 fetal 
deaths for those treated with 20 mg or less (p = 0.05, 
unpaired ¢ test). 

It should not be surprising that the group of patients 
at higher risk for fetal loss on the basis of past obstetric 
history, who were treated with prednisone in inade- 
quate doses for short time periods, had poorer preg- 
nancy outcomes than patients at lower risk who were 
not given prednisone. The prednisone-treated group 
most likely did not receive maximum benefit, but was 
still subject to any additional risks or side effects from 
the treatment. Although it is not clear that existing 
reports have demonstrated that prednisone treatment 
for these high-risk pregnancies of women with phos- 
pholipid antibodies is helpful, this study does not pro- 
vide evidence that it-is not. 

A preliminary study suggested that low doses of hep- 
arin and aspirin might be an effective treatment for 
pregnant women with phospholipid antibodies.’ Fewer 
maternal side effects were anticipated from this treat- 
ment regimen compared with those associated with the 
usual recommended doses of prednisone. On the basis 
of that study, a randomized multicenter treatment trial 
(National Institutes of Health HD 21657-01) was begun 
in 1987 to compare high-risk patients treated with ei- 
ther aspirin plus prednisone (20 mg twice daily) with 
those treated with aspirin plus adjusted low-dose hep- 
arin. Patients ineligible or unwilling to participate in 
the randomized study are being followed up with sys- 
tematic data collection. No serious or life-threatening 
maternal problems have been attributed to corticoste- 
roid therapy among the 16 patients who have been 
observed until this time. In our judgment, the most 
appropriate treatment for patients with antiphospho- 
lipid antibodies remains an unresolved question. 


Susan Cowchock, MD 
Departments of Obstetrics and Gynecology 
Donald J. Balaban, MD, MPH 
Greenfield Research Center ; 
Department of Family Medicine 


Jefferson Medical College 
Thomas Jefferson University 
1100 Walnut St. 

Suite 407 MOB 
Philadelphia, PA 19107 
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Reply Dos 
To the Editors: 

We appreciate the concern of Drs. Cowchock and 
Balaban, but we believe that they have overinterpreted 
the existing literature and have misread our article. 

They note that prior reports of treatment of preg- 
nancies complicated by antiphospholipid antibody used 
presnisone doses of 40 to 60 mg per day. We reviewed 
the two relevant articles in our discussion and com- 
mented on the prednisone dose in our article. We con- 
test the assertion that experience with 12 published 
cases of pregnancies with antiphospholipid antibody 
with prior fetal death constitutes a “standard” to which 
all future publications must adhere. In our study eight 
women received =30 mg per day, and only one had a 
live-born child; thus even high-dose prednisone was not 
helpful. 

Second, although w we did not cite evidence that ta- 
pering of the prednisone dose after 4 weeks does not 
reduce efficacy, no published article has demonstrated 
the converse. Both ongoing randomized treatment 
trials (those of Dr. Cowchock and Dr. Nigel Harris) 
incorporate planned steroid dose tapering. Both the 
Utah and the New-Zealand groups who have published 
articles advocating high-dose steroid therapy have 
stated in public forums that tapering is necessary to 
reduce toxicity. Dose-response questions were not ad- 


dressed in our study and are not considered in the 


studies of either Dr. Cowchock or Dr. Harris. Further- 
more, there is no evidence that high-dose prednisone 
causes a reduction in antiphospholipid antibody levels, 
and there is published evidence that it does not. 
Nor is there evidence that reduction of the antiphos- 
pholipid antibody level is necessary to achieve a 
good outcome. Quite the converse, normal term preg- 
nancies can occur in women with prior fetal death 
who maintain very high antiphospholipid antibody 
levels throughout pregnancy; our study contains ex- 
amples. i 

Third, we openly stated that our study was not ran- 
domized. We chose to publish the article because we 
have encountered many physicians who, having read 
about the 12 published cases, have insisted on prescrib- 
ing high-dose prednisone even to primiparous women. 
It will be several years before the randomized trials are 
completed and published. 

We object to Drs. Cowchock’s and Balaban’s misuse 
of our data. We did not and would not treat women 
who have had no prior fetal death with high-dose pred- 
nisone. Such treatment is not permitted in either Dr. 
Cowchock’s or Dr. Harris’ trials. It is therefore mis- 
leading to calculate mean fetal loss using the “no prior 
fetal death” group. The correct calculation is 2.2 fetal 
deaths for the 13 women who received <30 mg per 
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day of prednisone and 3.0 for the eight women who 
received =30 mg per day; a nonsignificant difference 
with these small numbers. 

Finally, we are not reassured of the safety of high- 
dose prednisone by the experience to date with 16 pa- 
tients. Avascular necrosis of the hip, vertebral collapse, 
and cataracts occur years after exposure to corti- 
costeroid. 

We thought that our study, which introduced con- 
troversy to what many had thought to be a proved 
therapy, supported the need for controlled trials. Per- 
haps we should have stated this point more directly. 
We regret that Drs. Cowchock and Balaban interpreted 
our study differently. 

P Michael D. Lockshin, MD 
Maurice L. Druzin, MD 
Tasneem Qamar, MA 
Hospital for Special Surgery 
535 E. 70th St, 
New York, NY 10021 


Assessment of fetal response to exercise 

in pregnancy 
To the Editors: 

The article by Morrow et al. (Morrow R, Ritchie K, 
Bull S. Fetal and maternal hemodynamic responses to 
exercise in pregnancy assessed by Doppler ultrasound. 
AM J OBSTET GYNECOL 1989; 160:138-40) deals with an 
important topic but unfortunately the study had mul- 
tiple design faults. The number of participants in the 
study was too small to show statistical significance in 
umbilical artery flow velocity. The systolic/diastolic ra- 
tio was measured after 5 minutes, 10 minutes, and 15 
minutes of rest. The first two measurements were not 
done after a sufficient périod of rest; 20 minutes would 
have been more appropriate. Incomplete rest may in- 
validate the control measurements and this may explain 
why the rest values varied so widely. In this study no 
allowance was made for the variation in heart rate that 
affects the systolic/diastolic ratio,’ particularly because 
they found fetal heart rate to increase after maternal 
exercise. After exercise, 30 minutes of recovery would 
have been more appropriate since it takes more time 
to recover, particularly after moderate exercise. Ma- 
ternal smoking status was not considered and it is 
known that smoking can affect the systolic/diastolic 
ratio. 

Most important, the intensity of exercise was not eval- 
uated, Low-intensity exercise may cause no change in 
fetal blood flow. Pijpers et al.” did not find a significant 
difference at 30% to 50% submaximal exercise. A bi- 
cycle ergometer at 20 W for 5 minutes may cause an 
increase in maternal heart rate to a minimal level of 
submaximal exercise intensity in a pregnant athlete or 
may prove to be strenuous in a nonathlete with a dif- 
ferent effect on the systolic/diastolic ratio. 

In a larger study at the Royal Liverpool Hospital, 143 
exercise tests were performed to evaluate the effect on 
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the umbilical artery waveforms in the last trimester of 
pregnancy. Within 5 minutes of exercise on a bicycle 
ergometer, a mean of 67.4% of submaximal exercise 
was achieved. The mean systolic/diastolic ratio de- 
creased significantly at 2 and 4 minutes of recovery, 
respectively, (p < 0.01 and p < 0.001). The maternal 
uterine artery waveforms were examined in 102 pa- 
tients. After an initial rise at 2 and 4 minutes, the sys- 
tolic/diastolic ratio decreased significantly from 8 min- 
utes to 20, 24, and 30 minutes of recovery (p < 0.05, 
p< 0.001, p < 0.001), respectively. Smokers had a 
higher systolic/diastolic ratio before and after exercise 
than nonsmokers. 
Nagy M. Rafla, MD 
Department of Obstetrics and Gynaecology 

University College Hospital 

Galway, Ireland 
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Reply 
To the Editors: 


I welcome the opportunity to respond to the com- ` 


ments by Dr. Rafla. The letter levels several criticisms 
that I think are unjustified. With regard to the number 
. of participants in our study, this was specifically chosen 
on the basis of a power analysis to detect changes in 
the systolic/diastolic ratio of 0.2. We thought that 
changes smaller than this were of little clinical or phys- 
iologic significance. l , 

Dr. Rafla appears to have misunderstood the rest 
period before our study. In fact, each subject was al- 
lowed to rest for 15 minutes before the control mea- 
surements were commenced; therefore the comment 
that the systolic/diastolic ratio was measured after 5, 
10, or 15 minutes of rest is incorrect. There was no 
statistical significance between any of the maternal or 
fetal measurements within the control periods and no 
significant trend was observed. We are well aware of 
the effects of heart rate on the systolic/diastolic ratio, 


and allowing for this, these changes did not affect our ` 


interpretation of the data.’ * Extending the recovery 
time for a further 10 minutes would not have altered 
the conclusions. We agree that smoking may affect the 
systolic/diastolic ratio; for this reason there were no 
smokers in the study. We agree that different intensities 
of exercise may show different effects and we can only 


comment on the standard exercise challenge that we ` 


used. The effect of different exercise challenges is in- 
deed interesting but outside the scope of this study. 

I decline to comment on the results of the Liverpool 
study without further information, such as the mag- 
nitude of the changes in the systolic/diastolic ratio that 
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were observed. I do, however, look forward to the pub- 
lication of this study in full. 

Robert J. Morrow, MD 
Department of Midwifery , 
Queen Mother’s Hospital 
University of Glasgow 
Glasgow, Scotland G3 8SH 
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Causes of the increase in ectopic pregnancy 


To the Editors: 

The paper by Makinen et al. (Makinen JI, Erkkola 
RU, Laippala PJ. Causes of the increase in the inci- 
dence of ectopic pregnancy. AM J OBSTET GYNECOL 
1989; 160:642-46) addresses an important public health 
problem. Unfortunately, methodologic flaws in the 
study preclude its use to draw conclusions regarding 
the causes of the ectopic pregnancy epidemic. 

First, and most importantly, presenting information 
about patients with ectopic pregnancies in the absence 
of any information on a comparable group of women 
who do not have ectopic pregnancies leaves us with 
“dangling numerators.” In other words, we lack the 
ability to determine whether any particular exposures 
are more common among women with ectopic preg- 
nancies compared with women without ectopic preg- 
nancies. For example, the authors conclude that cur- 
rent use of an intrauterine contraceptive device (IUD) 
is causing some of the increase in ectopic pregnancies 
because 28% of the patients were using an IUD at con- 
ception. However, if IUD use in the general population 
has reached 25% to 30%, as stated in the “Comment” 
section of the paper, current IUD usage rates would 
not appear to differ between patients and the general 
population. Therefore, current IUD use should not be 
seen as a risk factor for ectopic pregnancy, contrary to 
the paper’s conclusions, but consistent with prior stud- 
ies.*? Similarly, the prevalence of other “risk factors” 
among patients may not differ substantially from the 
prevalence of these exposures among women who do 
not experience ectopic pregnancy. Without compara- 
tive information, no conclusions about the cause of ec- 
topic pregnancy can be drawn from these data. 

Second, with regard to previous pelvic surgery, the 
actual risk factor for ectopic pregnancy is likely to be 
the indication for the original operation, rather than 
the surgery itself. Such indications include infertility, 
tubal disease, and prior ectopic pregnancy, all of which 


Volume 162 
Number 4 


are known to be risk factors for ectopic pregnancy. In 
any analysis seeking to identify risk factors for ectopic 
pregnancy, we believe that reasons for prior operation 
rather than the surgery itself should be investigated as 
potential risk factors. 

Finally, information about “known” risk factors was 
abstracted from medical charts of patients who had 
ectopic pregnancies over the years. Although we dis- 
agree that the factors selected (particulary antecedent 
induced abortion) are, in fact, well-established risk fac- 
tors, some have certainly been hypothesized to be risk 
factors, and some await clarification by more appro- 
priately designed studies. Because these factors have 
been suspected to be related to ectopic pregnancy risk, 
hospital personnel may have become more diligent in 
seeking and documenting information about these ex- 
posures. Thus increases in prevalence of such “risk fac- 
tors” over time in patients’ charts may be a result of 
information bias, rather than a real increase in the ex- 
istence of these risk factors. 

Hani K. Atrash, MD, MPH 
Adele Franks, MD 
Pregnancy Epidemiology Branch 
Division of Reproductive Health 
Center for Chronic Disease 

Prevention and Health Promotion 
Centers for Disease Control l 
Atlanta, GA 30333 


REFERENCES 


1. Chow W-H, Daling JR, Cates W Jr, Greenberg RS. Epi- 
demiology of ectopic pregnancy. Epidemiol Rev 1987;9:70- 
94. 

2. Ory HW. The Women’s Health Study. Ectopic pregnancy 
and intrauterine contraceptive devices: new perspectives. 
Obstet Gynecol 1981;57:137-44. 


Reply 
To the Editors: 

We appreciate the comments of Drs. Atrash and 
Franks concerning our article. In response we would 
like to point out some methodologic and theoretical 
issues that seem to need further clarification. 

Often in studies on epidemics a disorder is observed 
over time and the only available information is retro- 
spective. Possible factors and factor combinations that 
are connected with the disease associated with an epi- 
demic are sought. 

We agree that case-control studies may provide use- 
ful information on the cause of ectopic pregnancies. 
When applying that method two problems emerge. 
First, it may be very difficult to create a truly well- 
matched control group. Second, one problem still re- 
mains: interactions of various factors. The advantage 
of log-linear models lies in the possibility to analyze 
interactions of several risk factors (e.g., previous pelvic 
surgery and indication for operation in the case of ec- 
topic pregnancy). In our study this approach revealed 
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the risk factors that probably have significance in the 
cause of ectopic pregnancy. Some assumed risk factors 
proved to be insignificant. This result shows that the 
method was able to differentiate between various risk 
factors. It also provided information on the possible 
changes in the significance of various risk factors in 
different age groups and cohorts in different time pe- 
riods of the study. With significant risk factors defined, 
it is possible to design either case-control or prospective 
studies to tackle the individual causative factors. 

Use of IUDs as a causative factor in ectopic preg- 
nancy has been a matter of much discussion and debate. 
In our study IUD use emerged as a significant risk 
factor even after exclusion of all other possible factors. 
As Table IV shows, IUD use as a risk factor is not 
dependent on the adhesions brought about by previous 
pelvic inflammatory disease, operation, or other rea- 
sons. Unlike, for example, oral contraception, IUD use 
carries an inherent risk factor for ectopic pregnancies. 
With 300,000 IUD users in Finland since the early 
1970s and with an estimated pregnancy rate of 1.0%, 
the annual number of pregnancies with IUD use is 
3000. The estimations of the rate of ectopic pregnancies 
approach 9%'; hence the number of ectopic pregnan- 
cies with IUD use may vary between 120 and 270 per 
year. This figure could explain a part but not all of the 
increase in the number of ectopic pregnancies in Fin- 
land; in 1985 there were 1736 ectopic pregnancies in 
Finland.? 

After we submitted our article a case-control study 
was published that strongly supports our findings and 
conclusions.’ Among 274 IUD users who were matched 
with 548 controls, [UD use proved to be the most se- 
rious risk factor among 22 recorded factors, carrying 
a thirteenfold risk for ectopic pregnancies. Probably 
for the reasons stated above, the possible interactions 
between various risk factors were not analyzed. 

We do agree with Drs. Atrash and Franks that our 
study does not give the final answers of causes for ec- 
topic pregnancy, and it does not give the magnitude of 
order between various risk factors. Nevertheless, by 
applying a log-linear method it leads to similar conclu- 
sions as the case-control method.’ In addition, it pro- 
vides useful information for designing further research 
projects in this field. Although a prospective, random- 
ized, double-blinded study with placebo-controlled sub- 
jects could give the final answers, such a study appears 
impossible for ethical reasons. 

Juha I. Mékinen, MD 
Risto U. Erkkola, MD 
Department of Obstetrics and Gynecology 
University of Turku 
Kunamyllynkatu 4-8 
SF-20520 
Turku, Finland 
; Pekka J. Laippala, PhD 
Department of Public Health 
University of Tampere 
Tampere, Finland 
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Postpartum gentamicin dosing and endometritis 


To the Editors: 

We read with interest the article by Briggs et al. 
(Briggs GC, Ambrose P, Nageotte MP. Gentamicin dos- 
ing in postpartum women with endometritis. AM J OB- 
STET GYNECOL 1989;160:309-13). The authors report 
that the “cost” of determining one set of peak and 
trough gentamicin concentrations was $150. They do 
not specify whether this is the actual cost to the labo- 
ratory for performing the test or the charges passed 
on to the patient. The actual cost for aminoglycoside 
levels with the use of automated techniques and high 
volume may in fact be lower. The actual cost of test 
materials and labor to perform aminoglycoside peak 
and trough concentration determinations is $8.40 in 
our hospital laboratory. Others consistently report val- 
ues substantially lower than observed in this paper. Gill 
et al.,! in a time-motion evaluation to determine the 
cost for performing a pharmacokinetic consultation, 
report mean laboratory costs for aminoglycoside levels 
as $32.52 + $9.00 for a course of therapy lasting 
5.98 + 1.62 days (2 days of therapy greater than Briggs 
et al.). Gladen? reported the daily monitoring cost for 
amikacin (350 mg every 8 hours and 500 mg every 12 
hours). and gentamicin-tobramycin (80 mg every 8 
hours) to be $12.75 and $15.75, respectively. 

Although the authors report the “cost” of gentamicin 
levels, it appears that charges were used. Finkler® ex- 
amined the distinction between cost and charges. He 
reported that cost and charges are often used inter- 
changeably, creating a problem in evaluating results 
because charges typically vary considerably from actual 
cost. The average charge is obviously higher than hos- 
pital cost. Laboratory and pharmacy charges are im- 
portant sources of hospital revenue. It is important to 
clearly distinguish which figure is being reported. 

The authors further report that the acquisition cost 
of a typical gentamicin dose is $0.20 to $0.30 at their 
center. With these figures in mind, it is difficult to be- 
lieve the reported antibiotic cost per patient to be 
$339 + $189 and $332 + $199 for control and study 
groups, respectively. With the average duration of ther- 
apy approximately 3 days (assuming three doses per 
day) the “cost” per patient for antibiotic should only be 
. $3.00. We realize the acquisition cost is often a minor 
part in the cost of therapy, but the authors do not 
specify how they determined their cost figure. Gladen’ 
points out that global cost of therapy is poorly related 
to acquisition cost; therefore preparation, administra- 
tion, complication costs, etc., should be included. The 
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thors must clearly define factors contributing to the 
“total antibiotic cost” per patient. 

The authors also comment that, although some 
broad-spectrum B-lactamase antibiotics may be used in 
the treatment of endometritis, changing to a more ex- 
pensive drug is counterproductive in light of tight bud- 
getary controls. One can no longer look at cost of ther- 
apy on a cost-per-gram basis. Evaluation of cost of ther- 
apy must include efficacy and ancillary fees, such as 
ultrasonography, hematology, costs attributable to fail- 
ure, etc. Tuomala et al. compared cefotaxime to am- 


‘picillin for treatment of postpartum endometritis. Ce- 


fotaxime was in fact less costly to use when efficacy and 
ancillary fees were included, even though it had a 
higher acquisition cost. 

My point is that since costs of therapy have become 
a prominent aspect of decisions regarding drug ther- 
apy, a consistent, objective method of comparison must 
be developed.’ Investigators must be aware that the 
approach to calculation of cost of therapy can no longer 
be based on drug acquisition but must include ancillary 
fees, cost of failure, side effects, etc. Health care profes- 
sionals must also be more specific in reporting cost data, 
especially if cost is being used as a proxy for charges. 

Cheryl A. Stoukides, PharmD 

Paul F. Souney, MS 
Department of Pharmacy Services 
Divison of Research, Education 

and Drug Information 
75 Francis St. 
Boston, MA 02115 
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Reply 
To the Editors: 

Thank you for the opportunity to reply. It is indeed 
correct that we used two different figures in our article, 
cost to the hospital and charges to the patient. The 
dollar cost we reported for the gentamicin concentra- 
tions is the amount the patient is charged for a set of 
peak and trough levels by our laboratory. Patient 
charges were used as a measure of cost since our lab- 
oratory was unable to determine the actual cost of ob- 
taining a serum gentamicin level (venipuncture time, 
medical technologist time, cost of reagents and assay - 
equipment, etc.). One cannot extrapolate costs at one 
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institution to that of another with different sizes, types 
of assays, personnel salaries, etc. ` 

The acquisition cost of gentamicin that we reported 
was just that, but the numbers in the table reflected 
charges to the patient for all antibiotics used, not just 
for gentamicin. We thought this was important to in- 
clude since the low gentamicin serum concentrations 
might have resulted, if the therapy was less effective, 
in the prescription of additional antibiotics in the study 
group. We apologize if this has caused confusion. We 
do want to emphasize, however, that the purposes of 
our study were to determine if routine gentamicin 
levels were required in this patient population for safety 
and efficacy, and if.our methods resulted in a longer 
hospital stay. Cost analysis was not our purpose or in- 
tention. We do agree that terms should be carefully 
defined. 

With regard to the use of broad spectrum B- 
lactamase antibiotics, we believe some of these agents 
represent an unnecesssary expense for the treatment 
of postpartum endometritis. The mean duration of 
treatment for this conditon in our institution has not 
changed for several years. We doubt whether a change 
to an agent such as cefotaxime would have reduced the 
length of treatment or the number of treatment fail- 
ures, or increased the ancillary fees. For example, none 
of the patients in our study experienced treatment fail- 
ure. The range of intravenous antibiotic therapy for 
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54 patients was 1.33 to 4.42 days. One patient in the 
control group was treated for 6.32 days. She had an- 
kylosing spondylitis that was being treated with par- 
enteral corticosteroids. A second patient (in the study 
group) was treated for 6.33 days, but she was afebrile 
during the last 5.5 days of therapy. We were unable to 
determine why treatment was continued beyond the 
standard duration. After antibiotic therapy was started, 
none of the 56 patients had ultrasonographic exami- 
nations or unusual laboratory tests. - 
The known cost to the hospital (i.e., the cost of an- 
tibiotics and administration sets) for the 56 patients was 
$4407. If cefotaxime had been used for a mean du- 
ration of 2.7 days (2 gm every 8 hours), the actual cost 
to this institution (antibiotic plus administration sets) 
would have been $6711, an increase of 52%. Of course, 
we do not know if the duration of treatment would 
have been equal to that in our study or if greater or 
lesser amounts of cefotaxime would have been neces- 
sary to achieve the same end point. , 
Gerald G. Briggs, BPharm 
Peter J. Ambrose, PharmD 
Michael P. Nageotte, MD 

Long Beach Memorial Medical Center 

2801 Atlantic Ave. i 

PO Box 1428 

Long Beach, CA 90801-1428 


In the article by Weiner et al., “Effect of pregnancy on uterine and carotid artery 
response to norepinephrine, epinephrine, and phenylephrine in vessels with documented 
functional endothelium” (Am J OBSTET GYNECOL 1989;161:1605- 10), on page 1606, the 


last sentence in the legend to Fig. 1, “Asterisk reflects sensitivity . l 


“Asterisk reflects efficacy . . 


“Efficacy of phenylephrine, norepinephrine, and epinephrine . 
“Sensitivity of phenylephrine, norepinephrine, and epinephrine . . 





” should have been 


” On page 1607, the first sentence in ‘the legend to Fig. 2, 


sr should have been 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 

; nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby-Year Book, Inc., 11830 
Westline Industrial Drive, St. Louis, Missouri 63146-3318. 


VII World Congress of Hypertension in Pregnancy, 


Perugia, Italy, October 7-11, 1990. For further 
information please contact the Organizing 
Secretariat: Wagons-Lits Turismo, Congress 
Dept., Via Abruzzi 3, 00187 Rome, Italy. 


2nd Annual Review Course in Obstetrics and Gynae- 


cology, May 1-5, 1990, Hilton International 
Toronto, ‘Toronto, Ontario, Canada. AMA 
Category 1 credit hours. For further infor- 
mation contact: Continuing Education, Fac- 
ulty of Medicine, University of Toronto, Med- 
ical Sciences Building, Toronto, Ontario, Can- 
ada M5S 1A8. Tel.: (416) 978-2718. 


The Pacific Coast Obstetrical and Gynecological So- 
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ciety Ted Adams Scholarship Committee in- 
vites applications for an award of $7,500 to be 
given in 1990 to a student, resident, or prac- 
ticing physician residing in the geographic 
area of the society (Alaska, Arizona, British 
Columbia, California, Hawaii, Idaho, Nevada, 
Oregon, Utah, and Washington). Applicants 
should submit a descriptive outline detailing 
their educational background, their present 


Bound volumes available to subscribers 


status, and how the award would be used in 


pursuit of knowledge that could elucidate and 
contribute to understanding of some aspect of 
normal or abnormal structural, functional, or 
behavioral component of human reproductive 
biology. All applications received by July 1, 
1990, will be considered by the committee. 
The decision of the committee will be final and 
will be announced at the annual meeting of 
the Society September 9-19, 1990, at Sun Val- 
ley Resort Hotel, Sun Valley, Idaho. Address 
applications to: PCOGS Scholarship Commit- 


tee, P.O. Box 55249, Seattle, WA 98155. 


Third International Symposium on Contraception;. 


New Aspects in Female Contraception and 
Recent Advances in the Regulation of Male 
Fertility (WHO sponsored symposium), June 
19-23, 1990, Heidelberg, West Germany. For 
further information contact: Thomas. Rabe, 
MD (organizer), Ludwig Kiesel, MD (organ- 
izer), or Klaus Grunwald, MD (secretariat), 
Universitats-Frauenklinik, VoBstr. 9, D-6900 
Heidelberg, West Germany. Tel.: 6221 56 50 
72. Fax: 6221 56 27 13. 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1990 issues from the Publisher, at a cost of $56.00 ($79.00 
international) for Vol. 162 (January-June) and Vol. 163 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 
is removed. Copies are shipped within 60 days after publication of the last issue in the 


volume. The binding is durable buckram with the JOURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact Mosby-Year 
Book, Inc., Circulation Department, 11830 Westline Industrial Drive; St. Louis, Missouri 
63146-3318, USA; phone (800) 325-4177, ext. 7351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. 
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' E West Virginia University 


CHAIRPERSON `. 
DEPARTMENT OF OBSTETRICS & 
GYNECOLOGY - 


The West Virginia University School of Medicine 
invites applicants for the position of Chairperson 
of the Department of Obstetrics & Gynecology at 
the West- Virginia University Health Sciences 
Center. Our Department of Obstetrics & Gynecol- 
ogy excels in research, clinical service, and 
graduate medical education and the University is 
committed to its continued academic development. 
The position requires the leadership of a recog- 
nized obstetrician/gynecologist educator with 
strong clinical, teaching, and research credentials 
to administer the nationally recognized clinical and 


> academic programs of the Department. The dead- 


line date for receipt of nominations is April 27, 1990 
and receipt of applications is May 11, 1990. Appli- 
cations and nominations should be forwarded to: 
George W. Weinstein, M.D. 
Chairman of the Ob-Gyn Search Committee 
Department of Ophthalmology 
WVU School of Medicine 
Morgantown, WV 26506 


West Virginia University is an Equal 
Opportunity Employer 








OBSTETRICIAN- 
GYNECOLOGIST 


29 member multispecialty clinic seeking 


copy available. Over 900 births a year. 


_ North Country Hospital is a 90 bed secon- 


dary care.center. . 


Bemidji, MN is a college community of 
15,000 located in the beautiful lakes and 
trees area of northern Minnesota. Year 


‘round recreational activities. 


Excellent compensation package avail-. 
- able. Respond to Mr. Chuck Lowery, Ad- 


ministrator, Bemidji Clinic-MeritCare 
1233 34th St. NW, Bemidji, MN 56601 or 


call 218-751-1280. 


Bemidji Clinic 


MeritCare 





YOUR EXPERTISE, LEADERSHIP, AND VISION 


are needed in PA! 


A newly created chair position at Geisinger Medical Center and Clinic, the 
nation’s largest non-urban tertiary care center, requires someone special. 


Consider the challenge. . . 


SYSTEMWIDE SCOPE 
with excellent support 
Provider of care for nearly three million in 30 counties through 45 practice sites, 
Geisinger is a progressive group practice of 430+ attendings and 200 residents/ 
fellows (including eight OB/GYN) in 21 programs. It provides regional OB/GYN 
care by 23 physicians (plus 16 approved expansion positions) at ten sites. The 
flagship facility of 577-beds has a Level Il! Perinatal Center with a Life-Flight 

. transport system. 


DESIGN, DEVELOP, AND ENHANCE 

a regional resource 

Want a challenge where you can put your personal imprint on a new century of 
OB/GYN care? You'll develop a resource utilizing your skills in clinical practice, 
administration, academic medicine, and research. 


CHAIRPERSON, 
OBSTETRICS 
AND 
GYNECOLOGY 


Call today 215/640-3774. Or 
send your CV in confidence to 
Jean Caulfield at MEDQUEST, 
P.O. Box MQ, Devault, PA . 
19432-0160. 





BC/BE physician to join two member de- . 
-partment. Office ultrasound and colpos- 
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The California Comprehensive Epilepsy Program and UCLA Extension’s 
Department of Continuing Education in Health Sciences in association 
with VA Southwest Regionai Epilepsy at the West Los Angeles VA. 
Medical Center, Santa Monica Hospital Medical Center, and the Epilepsy 
Society serving Los Angeles and Orange Counties, announce 


AN INTERNATIONAL SYMPOSIUM | 
ON PREGNANCY, GENETICS, AND 
TERATOGENESIS IN EPILEPSY 


A one-day symposium designed for 
neurologists, pediatricians, obstetri- 
cians, general practitioners, inter- 
nists, neurosurgeons, basic neuro- 
scientists, and other professionals 
interested in the treatment of human 
epilepsies. 


Over the past ten years, rapid 
advances in molecular genetics and 
three independent studies on preg- 
nancy and epilepsy from Europe, 
Japan, and North America have 
changed our concepts of the treat- 
ment of seizures during pregnancy 
and the basic mechanisms of anti- 
epileptic drug teratogenesis. 


Among the questions addressed by 
the world’s leading experts on preg- 
nancy and epilepsy are: 

e Why do women with epilepsy have 
high-risk pregnancies? 

e Do seizures increase during preg- 
nancy? Why do antiepileptic drug 
levels decline as pregnancy pro- 
gresses? Are pharmacokinetics 
altered? What to do? 

© What are the complications of labor 
and delivery in the pregnancy 
seizure patient? 

¢ What are the risks for infants of 
mothers with epilepsy? ; 

e What evidence exists today for the 
association of antiepileptic drugs 
and congenital malformations? 

e What is the role of pharmacogenetics 
and toxicology of antiepileptic drug 
teratogenesis? 

e Are there specific syndromes asso- 
ciated with antiepileptic drugs? 
Which drugs aré the worst i 
teratogen? 

e What evidence exists to support the 
concept of a genetic predisposition 
to teratogenesis? 
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e Can we now develop a consensus 
-on the principles of management of 
seizures during pregnancy?. 


This symposium is made possible in 
part through a grant-in-aid from 
Parke-Davis, Division of Warner 
Lambert. 


Program ‘Chairman 
Antonio V. Delgado-Escueta, MD 


Program Co- Directors 

Gertrude Beck-Managetta; MD 
Dieter Janz, MD `. 

Eugene Ramsay, MD 


Invited Faculty 
Eva Andermann 
Raphael Canger 
Linda V. Dansky 

C. Dravet 
Martina Durner 
Richard H. Finell 

Marja-Liisa Granstrom 
W. Allen Hauser 
Kenneth L. Jones 
‘Sunao Kanelo 
Helene Kleipel - 

“Ito Leppik 

Dick Lindhaut 

H.J. Meencke 

. oH. Nau 

B.J. Wilder 
Mark Yerby 


New information is presented in a 
series of lectues prepared for the 
practitioner at large. : 


Seleted Topics 

+ Advances and issues on genetics, 
pregnancy, and’ teratogenesis of 
enemies drugs 


UCLA 
= EXTENSION 


e Role of pharmacogenetics and 
toxicology of antiepileptic drugs in 
teratogenesis 


s Experimental models of 


teratogenesis 

e Mechanisms of valproate 
teratogenesis 

e Malformations in patients with 
epilepsy 

* Prospective study of antiepileptic 
drug teratogenesis in France 

¢ Prospective collaborative study of 
antiepileptic drug teratogenesis for 
Germany, Netherlands, and Finland 

e Consensus practice in Europe 
regarding pregnancy and 
antiepileptic drugs 

e Summation and consensus of 
antiepileptic drug treatment during 
pregnancy. 


Fees 

Medicine M 819.485 

7 Category | hours 

Fee: $25 EDP M2723D 


For ‘additional information regarding 
the International Symposium 
contact the Department of 
Continuing Education in Health 
Sciences, UCLA Extension, P.O. Box 
24901, Los Angeles, CA 90024-0901, 
(213) 825-9187. _ © 


For your convenience, enrollment 
may be charged on your MasterCard 
or VISA. Call (213) 825- 9971 or 

(818) 784-7006. 


Loew's Santa Monica 
Beach Hotel 
Santa Monica, California 






















OBSTETRICS/. 
GYNECOLOGY 


29 physician multispecialty group with two BC 
OB/GYN physicians is looking to add a third 
BC/BE physician. Bemidji Clinic—MeritCare 
is located in a college community of 15,000 
surrounded by lakes and tress. Bountiful hunt- 
ing, fishing, and outdoor recreational oppor- 
tunities. North Country Hospital is a modern 


year; 4 surgery suites; and 15 bed nursery. 


multispeciaity group located in Fargo, ND and 
affiliated with a 400 bed level II hospital with 
a 24 level Ill Intensive Care Nursery. 


Excellent compensation and benefit package 
with incentive pay plan. To discuss this excep- 
tional opportunity further please contact 
C. C. Lowery, Administrator, Bemidji Clinic, 
1233 34th St. NW, Bemidji, MN 56601 or cail 
1-218-751-1280. 









































CHAIRPERSON 


Department Of Obstetrics 
& Gynecology 


Albert Einstein Medical Center 


Tertiary care, 600-bed hospital with major affiliation at 
Temple University Schoo! of Medicine seeks Chair- 
person for its Department of Obstetrics & Gynecol- 
ogy, which includes an independent 16-person fully 
accredited residency program. The Department has 
active divisions of Perinatology, Reproductive Endo- 
crinology, and Gynecologic Oncology. Its research 
component includes four Ph.D scientists (with NIH 
funding) who provide expertise in genetics, molecular 
biology and embryology. . : 


A successful 1VF/GIFT program is complemented by 
embryo cryo preservation and micromanipulation. A 
major renovation and expansion of the antenatal test- 
ing unit and the Labor & Delivery Suite will be com- 
pleted by summer of 1991. The Department of Pediat- 
rics provides comprehensive genetic services (in- 
cluding cytogenetic and molecular labs) and a Level 
HI 30-bed neonatal intensive care unit. 


The candidate must possess strong academic creden- 
tials and demonstrate capabilities in patient care, 
education, research and administration. Please sub- 
mit CV to: Peter Mamunes, MD, Chairman, Depart- 
ment of Pediatrics, and Chairman, Obstetrics/Gyne- 
cology Search Committee. 


NN 
ALBERT 
EINSTEIN 
MIREA WN 
CENTER. 

The genius in health care. 


York & Tabor Roads 
Philadelphia, PA 19141-3098 


An equal opportunity employer ` 












89 bed hospital; Approximately 1000 births a 


Bemidji Clinic is affiliated with a 250 physician - 


- PRIVATE PRACTICE 
OPPORTUNITY 
GLOUCESTER, MASSACHUSETTS | 












- Excellent opportunity exists for a BE/ 
BC OB/GYN on the beautiful eastern 
seaboard community of Cape Ann, 








just 26 miles north of Boston. Com- 
petitive salary and fringe benefits. 
Partnership after year one, no buy-in, 
please submit cv to: 






Addison Gilbert Hospital 
‘ Kathryn Melendy, President 
298 Washington Street 

Gloucester, MA 01930 

















` OBSTETRICIAN/GYNECOLOGIST 
'. Grand Rapids, Michigan 


Opportunities available for BE/BC OB/GYNs to either join 
well-established private practice group of 3 BC OB/GYNs and 

' members of American Association of Pro Life OB/GYNs, or 
establish own group practice using this group as “incubator” 
providing back-up coverage. 





















e Close affiliation with Saint Mary’s Health Services, a 
330 bed acute care hospital with 2,726 deliveries, 24 
hour neonatology coverage, epidural service 

e OB/GYN residency program through Michigan State 
University College of Human Medicine 

e Competitive salary and benefit package 






















Grand Rapids, an “All-American City”, has a metro- 
politan population of 630,000. Residents enjoy a high 
' quality life style: : 














e Sound economy, low unemployment, reasonable 
cost of living 

e Excellent schools 

e Theatre, art, symphony, opera, ballet : 

e Lake Michigan is only 30 miles away; many inland 
lakes 

è Full spectrum of sporting activities 

e Outdoor recreation accentuated by Michigan’s four 
seasons 












For more information call or send CV to: 
: : Debra C. Hartman 
Management Services 
210 East Vine Street 
Kalamazoo, Michigan 4900] 
(800) 594-9022 or (616) 344-6444 
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FACULTY POSITION 


Hennepin County Medical Center and the 


University of Minnesota seek a faculty 
member to teach and conduct research 
in general Obstetrics and Gynecology. 
Candidates must have 6 years post 
graduate M.D. and be Board-Quailified to 
be considered at the Assistant Professor 
level. This position is a renewable, non- 
tenured appointment. 


Send inquiries to: 


Stephen H. Cruikshank, M.D. 
Chief of Obstetrics and Gynecology 
Hennepin County Medical Center 
701 Park Avenue South 
Minneapolis, Minnesota 55415 


Hennepin County Medical Center and the 
University of Minnesota are equal oppor- 
tunity employers and specifically invite 
and encourage applications from women 
and minorities. 








Outstanding opportunity for BC/BE Ob-Gyn 
physician to join a busy general Ob-Gyn prac- 
tice in rural Vermont. Association with board 
certified Ob-Gyn. Employment through Hitch- 
cock Clirtic offers guaranteed income, benefits 
and faculty appointment at Dartmouth Medi- 
cal School. Randolph, Vermont is centrally lo- 
cated to most of Vermont’s major ski areas, but 
off the tourist track. Convenient to Boston and | 
Montreal. Many practice and lifestyle advan- 
tages other practice opportunities cannot 
provide. 


For information contact: Brent Burgee, 
M.D., Hitchcock Associates of Randolph/ 
Ob-Gyn, 1 Maple Street, Randolph, Vermont 
05060; (802) 728-4431. 


An equal opportunity/ 
affirmative action employer 








LONG BEACH, CALIFORNIA 


OBSTETRICIAN/ 
GYNECOLOGIST 


9-year established physician seek- 
ing partner due to growth/need. 


Outstanding, unlimited income. 
Great benefits. 


1in 4 call. 


Prestigious tertiary care hospital. 


Contact Bob Porter, Jackson and 
Coker, 115 Perimeter Center Place, 
Suite 380 AOBGO, Atlanta, GA 


30346, Tel. 1-800-544-1987 or 1-800- | 


888-5530. 

















Life. 


It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 


_ Without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 


` doctors from the financial baggage of the private practi- 


tioner. 


Group Health Plan isn’t for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with the Medical Recruiter at 
(814) 993-5955. Or write Group Health Plan, 11475 Olde 


‘Cabin Road, St. Louis, Mo. 63141. An equal opportunity 


employer, 


: 
GROUP HEALTH PLAN 














BRACKENRIDGE 
HOSPITAL 
DESIRABLE SOUTHWEST LOCATION 


immediate opportunities available for group or in- 
dividuals specializing in the practice of OB/GYN. 
Teaching hospital seeks 4-8 full time physicians 
to supplement existing spectrum of OB/GYN ser- 
vices. Physicians are needed to provide support 
and consultation in the areas of Emergency Room, 
Labor and Delivery, and Clinic operations. Com- 
petitive compensation will be provided. One year 
commitment required with opportunity to assimilate 
into existing private practices. 


Brackenridge Hospital, located in Austin, Texas, 
is the only teaching hospital in Central Texas with 
residency programs sponsored by the local medi- 
cal society through the Central Texas Medical 
Foundation. 


Austin, located at the base of the Texas Hill Coun- 
try, is rich with cultural diversity, educational re- 
sources and recreational opportunities. 


If interested in this opportunity, please call or send 
resume to: 























Keith R. Possion 
Assistant Administrator 
Brackenridge Hospital 
601 East 15th Street 
Austin, Texas 78701 
(512) 480-1022 





OB/GYN 


WANTED: Obstetrician/Gyne- 
cologist, Board Certified or eligi- 
‘ble physician to join existing 3 
member OB/GYN Department in 
22 member multi-specialty group 
practice in the Lakes Region of 
central N.H. Position offers an 
outstanding professional, finan- 
cial, and life-style opportunity. 
Respond with C.V. to Alan 
Awrich,M.D.,Laconia Clinic, 724 
Main Street, Laconia, NH 03246. 




















‘Send C.V. to Director of Professional Human 












OBSTETRICS/GYNECOLOGY 


Here’s a practice opportunity we believe you 
would enjoy. Six family physicians, two sur- 
geons, an optometrist and a clinical psychol- 
ogist in a busy practice in sister cities on the 
Red River in southern North Dakota/western 
Minnesota. The clinic facility is new with 
ample room for additional staff. Hospitalisa | 
modern 95 bed hospital with over 360 deliv- 
eries a year. Two of the physicians on staff 
are currently doing C-sections. | 


Wahpeton/Breckenridge has a combined {| 
population of 15,000 with a patient draw area | 
of over 40,000. Wahpeton is the home of the | 
ND State College of Science and each com- } 
munity has public and parochial primary edu- 
cation. | 
Will join a 250 physician multispecialty group 
affiliated with a 400 bed level II hospital which 
has a NACHRI designated Children’s Hospital 
and a 24 bed level III ICN. 


` For further information regarding this excel- 
lent practice opportunity please contact 
Robert Osimo, M.D., 227 6th St. N., Brecken- 
ridge, MN 56520 or call 1-218-643-7813. 



























OB/GYN 


Well established multi-specialty prepaid group 
practice seeks BC/BE OB/GYN physicians for 
two of our SUBURBAN BOSTON health cen- 
ters. Reasonable work and coverage sched- 
ules. Attractive well-equipped facilities located 
within reasonable distance of ski resorts, 
beaches, and academic and cultural centers. 
Excellent compensation and fringe benefits 
package including full malpractice coverage. 










Resources, Medical East Community Health 
Plan, One Worcester Road, Framingham, 
MA 01701; or call collect (508) 879-0077. 


Medical East 
lest! Community Health Plan 
US, A BLUE CROSS & BLUE SHIELD HMO 
x f 


We are an equal opportunity/affirmative action employer 
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Two person OB-GYN group, well 
established, in prestigious Long _ 
Island community. Looking for 
BC/BE Associate leading toward 
“partnership. University and. 
Gommunity hospital affiliations, 
in-office sonography, cryo 
surgery, and colposcopy. Excel- . 
lent salary; benefits, and future.’ 














Send C.V. to: | 
Marc Harvey, M.D., F.A.C.O.G. 
100 Manetto Hill Road ~ 

Suite 306 | 
Plainview, NY 11803 





OBSTETRICIAN 
GYNECOLOGIST 


Medical West is an expanding Western Massachusetts staff- 
model Health Maintenance Organization. Our multi-specialty 
group practice employes 70 full-time physicians and provides, 
care for a membership of approximately 70,000 patients in our 


modern suburban facilities. Inpatient care is provided ata 1900: 


bed Tufts affiliated teaching hospital. 


We're currently seeking a full-time, Board Certified/Board 
Eligible Obstetrician/Gynecologist to join our expert staff of 
seven physicians and five midwives. 


Attractive Pioneer Valley location with fine educational, 
cultural and recreational opportunities. Excellent salary 


and comprehensive benefit program. Please send curricu-. 


lum vitae to: Oded Rencus, M.D., Chief of OB/GYN, 305 
Bicentennial Highway, Springfield,’ MA 01118. 


Medical West 


Community Health Plan 
w g A BLUE CROSS & BLUE SHIELD HMO 


` We are an equal opportunity/affirmative action employer 
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KAISER PERMANENTE l 
OBSTETRICIAN-GYNECOLOGIST: ` The 
Permanente Medical Group, Inc., of San 
Jose, California is looking for BC/BE physi- 
cians for immediate openings in the OB/GYN 
Department. Positions available either at the 
` main facility in San Jose or at satellite medical 
__ Offices in Gilroy. The young, dynamic Depart- 
ment is still growing and currently has nine- 
teen physicians.and two nurse practitioners. 
Salary is competitive and includes full cover- 
. age malpractice insurance and an outstand- 
ing benefits package. San Jose and Gilroy 
share excellent access to Bay area cultural 
and recreational activities. 
Please contact: 
Jerome L. Nehemiah, M. D. 
. Chief 
Department of OB/GYN 
The Permanente Medical.Group, Inc. 
260 International Circle 
: San Jose, CA 95119 























_ CHAIRPERSON =- © 
DEPARTMENT OF OB/GYN 


Chairperson — Department of Obstetrics 
and Gynecology/St. Louis | University 
School of Medicine, Seeking candidates 
for the position of Chairperson of the De- 
partment of Obstetrics and Gynecology. 
Applicants must have demonstrated ex- 









peer reviewed.research activity in a uni- 
_ versity setting and skills in academic ad- 
ministration. Serious candidates should 
forward a cover letter and current cur- 
riculum vitae to: 


V.L. Willman, M.D. 
Chairman 
Department of Surgery 
St. Louis University Hospital 
St. Louis University Medical Center 
3635 Vista Avenue at Grand Boulevard’ 
- P.O. Box 15250 
St. Louis, MO 63110-0250 


EOE M/F/H/V Minorities and women are 
sian to apply. 

































emplary scholarly leadership, success in’ 
























MATERNAL-FETAL 
MEDICINE 
(Board eligible or Certified) 


‘600 Bed University-affilited Level Ill Hos- 
pital with 3,600 deliveries/year, 24-hour 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 
service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 
gram has immediate opening for a full- 
time position in Perinatology. Duties to 
include residency teaching, maternal 
transfer care, and private practice incen- 
tive. Competitive guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in very close 
proximity. 


CALL COLLECT: 313-343-3495 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 
DEPT. OB/GYN 
GROSSE POINTE, MI 48236 





PERINATOLOGIST 


The University of Ottawa, Department of Obstetrics 
and Gynecology is actively recruiting two Perinatologists 
to the Division of Maternal-Fetal Medicine. The Depart- 
ment of OB/Gyn currently delivers approximately 3000 
births and is the Level Ill Regiona! Referral Centre for 
High Risk Obstetrics in Eastern Ontario. Excellent oppor- 
tunities to be involved in teaching ultrasound including 
Doppler, prenatal diagnosis, clinical and basic science 
research exist. 


Applicants must have a strong interest in clinical care 
and perinatal research and should have an FRCSC or 
equivalent and at least two years of specialized training 
in Maternal-Fetal Medicine. He/she should also be eli- 
gible for a licence with the Ontario College of Physicians 
and Surgeons. Appointment will be at the rank of Assis- 
tant or Associate Professor. Remuneration will follow 
the guidelines of the University of Ottawa. 


In accordance with Community and Immigration re- 
quirements priority will be given to Canadian citizens 
and permanent residents of Canada. The University of 
Ottawa has an employment equity program and encour- 
ages applications from qualified candidates. 


Applications including a Curriculum Vitae should 
be sent to Or. C. Nimrod, Director of Perinatology or 
Dr. R. Benzie, Chairman, Department of Obstetrics 
and Gynecology, Room G-12, Ottawa General Hospital, 
501 Smyth Road, Ottawa, Ontario K1H 8L6. Tel. (613) 
737-8937. 












University of California Irvine, College 
of Medicine, OB/GYN. Assistant Pro- 
fessor, M.D. (tenure track), subspe- 
cialty board eligible/certified, Mater- 
nal-Fetal Medicine. Extensive clinical 


experience in the management of high — 


risk pregnancy and strong basic sci- 
ence research background required. 
Duties include medical student, resi- 
dent, and postgraduate teaching, sub- 
specialty service supervision, clinical 
and laboratory research. 


UCI is an Equal Opportunity/Affirma- 
tive Action Employer. Send C.V. and 
five references to Thomas J. Garite, 
M.D., Obstetrics and Gynecology, UCI 
Medical Center, 101 The City Drive, 
Orange, CA 92668. l 








OB-GYN FACULTY IN JAPAN 
Ideal for Sabbatical 


Univ. of Hawaii Medical Education 
Program in Okinawa, Japan invites 
applications for faculties in Ob-Gyn 
(General, Perinatology, or Oncology) 
for a period of 3-6 months (between 
July ‘90 until June ’91). Salary com- 
mensurate with experience plus 30% 
overseas allowance, airfare, furnished 
accommodation with all utilities paid. 
Additional allowance of approximately 
Yen 120,000 per month. 
Applications with C.V. to: 

Y. B. Talwalkar, M.D., 
Program Director 
University of Hawaii Program 
Okinawa Chubu Hospital, 
Gushikawa City 
Okinawa, Japan. 904-22 
Serious inquiries call collect 
Tel. No.: 09897-3-1515 
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| ‘HOUSE PHYSICIAN 


i House physician desired to as- 


sist in gynecological surgery and 
participate in obstetrical care 
and deliveries. Excellent fringe 


benefit program and malpractice ` 


insurance coverage. License es- 


sential. Salary commensurate 


- with training and ence 


Submit resumé to: 


' Donald H. Hofreuter, M.D.: 
Director of Medical Affairs 
Wheeling Hospital 

~ Medical Park 


Wheeling, West Virginia 26003 


Practice in beautiful Ithaca, NY 


Allofthe advantages and none of the head- 
aches of a solo practice! BC/BE OB/GYN 
needed for our new comprehensive Ob/Gyn 
Service. We have a reputation for quality care 
and excellent management. You'll be free to 
practice medicine without the pressures of 
administrative, personnel and financial wor- 


ries. Competitive salary, excellent benefits , 


including malpractice, new facility. Beautiful 
Finger Lakes region; home of Cornell Univ. 
Begin Fali1990. Send CVto Executive Direc- 
tor, Planned Parenthood of Tompkins County, 
314 W. State St., Ithaca, NY 1990 


| Pahned®: 
Parenthood" 


of Tompkins County’ 
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GYNECOLOGIC ONCOLOGIST © 


State University of New York . 
at Stony Brook 


The Department of Obstetrics and 
Gynecology at the State University of 
New York at Stony Brook is currently . 
recruiting for a Gynecologic Oncolo- 
gist. This is a full-time faculty position 
requiring board eligibility or certifica- 
tion in.gynecologic oncology. | 

Academic rank and Salary are com- 


. mensurate with experience and qual- 


ifications. 
Curriculum Vitae should be sent to: 
l Robert Barbieri, M.D. 
Professor and Chairman 
_ Department of Obstetrics and 
- '° Gynecology — 
SUNY at Stony Brook 
Stony Brook, New York 11794-8091 


An Equal Opportunity/Affirmative ` 
Action Employer’ 


j$. Boston, MA 


2 ts Commiuhity Health Centér eee Boston’s : 


Chinatown neighborhood seeks part to full- 
time OB/GYN to start July 1990. Strong 
medical’ network includes CNM and NP 
“support. A competitive salary and’ com- 
prehensive fringe benefit package eee 
malpractice i insurance is offered. 


Send CV or contact: Dr. Harry Lee, 


Medical Director, South Cove Com- 
munity Health Center, 885 Washington 


_ Street, Boston, MA 02111; 617-482-7555. 


COVE COMMUNITY HEALTH CENTER 

















OB/GYN © | 


An excellent opportunity exists in one of 

Vermonts's, loveliest communities fora 

BC/BE OB/GYN Physician. Our community 

offers a four-season climate, many recrea- 
_ tional and cultural activities of the Berkshirés ` 

and Saratoga, N.Y. and a convenient location 

just three hours from New York and Boston. 


` The selected physician will receive an ~ 
attractive financial package from one of the 

- state's leading hospitals as well as space in the 
hospital's adjacent physicians office building. 
A practice’ management service is available. 
We also offer excellent cross coverage 
arrangements, 


Qualified candidates are invited to submit 
their resume and cover letter of introduction 
to: Box 401A, c/o Donahue Thompson 
Advertising, 12 West 37th Street, New York, 
NY 10018. We are an affirmative action equal 
opportunity employer. , 





y Hini Michael Reese Health Plan 


` The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago . 
Metro area, is seeking additional Board Certi-- 
fied/ Eligible physicians in the following 
specialty: . 


Obstetrics 
Gynecology 


Physicians with the Health-Plan enjoy a full 
practice with. modern facilities and equipment. 
as well as opportunities for teaching. ` 


A highly-competitive salary and excellent ben- 
efits complement a faverdiig practice and 
lifestyle. : 


Interested applicants should address inguines to: 


Scott P. Smith, M.D. r 
MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 : 

or call (312) 808-4551 


an equal opportunity employer mitih 





gist—Board-Certified or Eligible 


néeded to. join 115- -physician mul- 


tispecialty. group : providing care for 
BC/BS-affiliated HMO as well as 


-growing FFS practice. Extensive sup- 


port services and modern facilities. 
Fully paid-5/7 malpractice insurance. 
Excellent ‘salary and benefits pack- 
age. Positions available in both Co- 
lumbia and Annapolis, Maryland, an 
area rich in cultural and recreational 


_ opportunities. Close to the medical 


schools of the Baltimore, MD-Wash- 
ington, DC area. Please send inquiries 
and C.V. to: l 
` Patuxent Medical Group 
2 Knoll North Drive, Suite 401 
Columbia, Maryland 21045 
. Attn: Physician Recruiter 


® 

; 7 ` l 

SAN JOSE MEDICAL GROUP, INC. 
OB/GYN — NORTHERN CALIFORNIA 


. MARYLAND: Obstetrician/Gynecolo- | 


Unique opportunity for BC/BE Ob/Gyn i 


with focus on infertility to join 'area’s lead- 
ing multispecialty private group practice. 
Generous salary, bonus provision, and 


_ fringe benefit package; early membership 
` in the corporation. Become part of our 


competitive, growing organization. Ex- 
perience all the good things that living in 
the Bay Area has to offer—wonderful res- 
taurants, beautiful scenery, great weath- 
er, cultural facilities, easy access to coast 
and mountains. Send CV to Maureen For- 
rester, SAN JOSE MEDICAL GROUP, 


- INC., 45 S. 17th Street, San Jose, CA 


951 12 (408)- -282- 7899. 
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MATERNAL-FETAL POSITION 

_ Hennepin County Medical Center and the Uni- . 
“versity of Minnesota’ seek a faculty member ` 
in Perinatology: This person”will teach- and. _ 
conduct research in Maternal-Fetal medicine. ` 

._ The candidate must be Board Certified in 
Obstetrics and Gynecology and.be Board - 
Eligible in Maternal-Fetal medicine to be con-. 
sidered at the Assistant/Associate Professor - 
level. This position is a renewable, non- -ten- 
-ured appointment. l a 














































Send inquiries to: 


l ‘Stephen H. Cruikshank, M.D. 
Chief of Obstetrics and Gynecology . 
p Hennepin: County Medicäl Center 
‘701 Park Avenue South. 

Minneapolis, Minnesota 55415 


Hennepin Courity’ ‘Medical Center and the Uni- ` 

versity. of Minnesota are equal opportunity 
employers and specifically invite and encour-. 
age appheations from women and minorities. ; 


- BRONSON 
Kalamazoo, Michigan . 
; OBSTETRICIAN/GYNECOLOGIST 
- Bronson Methodist Hospital is currently seeking 
.BE/BC OB/GYNS to join group of 3 hospital-based 
OB/GYNs. An impressive salary, health insurance, 


. ‘malpractice insurance and moving PES are 
being offered. . o 






















Bronson Methodist Hospital, a. 465 bed teaching 
facility, is southwestern Michigan’ s Perinatal Center. 

-` Virtually, evéry medical speciality is represented ` 
within the 550 member medical staff including 25 
OB/GYNs, 6 neonatologists and 2 perinatologists. 


‘Kalamazoo; a university community with a metro- 
politan population of 220,000, is 135 miles between 
Chicago and Detroit offering diverse cultural-and - 
récreational activities. Lake Michigan is only 30 
miles away and niany ski resorts are easily accessible. 
Public, private and parochial schools aré recognized 
for their academic excellence. Kalamazoo County is 
economically diversified and home for The Upjohn + 
Company’s international headquarters. 


For more information about this practice opportunity, 
. please send CV or- call: ; 


Debra Hartman ` 
< Bronson Management Services Corp. 
. “210 East Vine St. - 
Kalamazoo, Michigan 49001 
(800) 594-9022 or (616) 344-6444 
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excellent practice opportunity in the ‘South- 
--new 4,000 sq. ft. office, modern’ setting, 6 


consulting office, sornputeriee? sat ‘plus 
more. : 


„ Recreational amenities and cultural activities 
“are at -your disposal. Reasonable housing ` 
. costs and access to major metropolitan areas 

_ also contribute to an excellent quality. of life. > 


KFO more information, send your cv to: 





Group Health Cooperative of Puget 
Sound; a 370,000-member pre-paid - 
group practice, currently has a 
position for an OB/GYN Physician. 

_ Referral only practice in a . 
muig specialty organization. 


Toi inquire, write: .. 
Director of Medical Staff TE 
Group Health Cooperative 

of Puget Sound. .. 

© 521 WallStreet ` 

u apatie, WA 981 21 7 


“ur o a 





(EJ 
o 
ol Coopera t Sound 


i Affirmative Action Equal Opportunity Employer 









“OBSTETRICIAN, 
GYNECOLOGIST 


Ob/Gyn: BC/BE physician wanted to’ join an | 


west. An established growing practice in a . 






exam rooms, procedure’ room, 3-physician _ 











A competitive guaranteed salary i is ‘Being A f 
fered, with excellent fringe- benefits. Includes 
among others; malpractice insurance and car 
expense. 









Lori Bedford > ; 
‘Jordan/Fairffax © |. Í 
6560 N. Scottsdale Rd. i 
Suite J-106 E 
Scottsdale, AZ 85253: 


Or call: (800) 258-9900. _ 



















Obstetrician/Gynecologist to join 


OB group in outstanding Illinois 


community of 100,000: Practice 


in modern office attached to very | 
progressive, 325-bed hospital. 
_ Need due to death of one physi- . 


cian. Excellent educational, 
recreational, and cultural 
amenities. $130,000-$150,000 
salary plus bonus and generous 
benefits package. Contact Greg 
Flowers, Jackson and Coker, 
115 Perimeter Center Place, 


Suite 380 AOBGO Atlanta, GA. 
30346, Tel. 1-800-544-1 987 or 
"4-800-888-0121. 


-OB/GYN 
WISCONSIN 


Multi-specialty group in sub- 


urban Milwaukee seeks BC/ | 
BE Obstetrician/Gynecolo- 


gist to join 6 physician OB/ 


-GYN department. Single | 
site, single hospital practice. 


Competitive salary and 
fringe benefits. Forward in- 
quiries and CV to: | 
Administrator : 
P:O. Box 427 
Menomonee Falls, WI 
53051 . 








SPECIAL DELIVERIES. 










you to join a unique prepaid health care program. Our 
-multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 
Board eligible/certified PERINATOLOGISTS are needed 
- for oir high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 
There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. f 
Our compensation is competitive and benefits are outstan- 
. ding. They include: professional liability, medical and dental 




























surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 
For a physician application, please call (800) 328-5278. If 
calling from outside of California, please (800) 541-7946 or 
send curriculum vitae to: Irwin P. Goldstein, M.D., Associate 
Medical Director, SCPMG, Dept. 006, Walnut Center, 
Pasadena, CA 91188-8013. Equal Opportunity Employer M/F/H 
KA 
KAISER PERMANENTE 
Good People. Good Medicine. 























—. OB/GYN: © 


Beautiful Oregon Coast; 21 
physician multispecialty group 
with three OB/GYN MD’s and 
one certified nurse midwife look- 


‘ing for another BC/BE OB/GYN 
MD to join state of art facility. 
In-house Day Surgery Center 
with laser. Great potential and 
life-style. Contact Marce Knight 


at 1-800-234-1231 


or 503-267- 
5151. . ; , 


coverage, vacation and sick leave, continuing education, life in- 






SPECIAL CHALLENGES. 


The Southern California Permanente Medical Group invites 
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Gynecologic Oncologist 
FULL TIME FACULTY POSITION 
‘Health Sciences Center’ 


-The Department of Obstetrics and Gynecology, Temple 

_ University, is seeking applicants for a full-time faculty 
position in the Section of Gynecologic Oncology. The - 
applicant must be board-eligible or certified for both 
` general obstetrics and gynecology and gynecologic. 
oncology and be eligible for Pennsylvania license. 
Clinical and academic activities are integrated in a 

- department providing tertiary services. Newly opened 
Temple University Hospital houses a modern 
Labor and Delivery Suite and large Neonatal 
Intensive Care Unit. Candidates should have an- 
active interest in Research, Clinical practice and . ` 
Resident and Medical Student education. Salary 
and academic rank commensurate with experi- ' 
ence. Submit C.V. to: Parviz Hanjani, M.D., 
Professor and Chief, Pelvic Oncology, Temple 
University, Health Sciences Center, Broad and- 
Ontario Streets, Philadelphia, PA 19140. 


We are an affirmative action/ 
equal opportunity enpleyer MIFIIV. 


Choose 


TEMPLE. 





- OB- GYN 


BC/BE OB-GYN sought for full 
‘service, 260-bed community . 
“hospital in San pene s 
dynamic South of Market area. 
_* Excellent ‘opportunity to join . 
busy, growing practice. A 


e Competitive salary and bene- 


fits package. . 


a, -Send C.V. to: 
O PCE 
P Walter Kopp 
Á À i St. Luke’s’ Hospital: ` 


Ch. 3555 Army Street’. 
MUKES sa San Francisco, CA 94110 


HOSPITAL AL (415) 641-6543 
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Fel] UNIVERSITY — 










Faculty Teaching Positions 
General Obstetricians and Gynecologists 

it ; 
St John Hospital and Medical Center 


St: John Hospital and Medical Center, Detroit, Michigan, is 
searching for two full-time faculty members to join its expand- 
ing department of Obstetrics and Gynecology. Theideal 

' ‘candidate will be desirous of a full-time hospital-based assign- - 
ment, and will have a strong interest in precepting residents 
and medical students. 

St. John is-a 600-bed university- affiliated hospital with 3 600 ` 
` deliveries per year, 24-hour in-house anesthesiology and 
neonatology, 40-bed NICU, an active maternal transfer 
service, perinatal outreach programs and a current comple- 

` ment of eight OB/ GYN residents. 

- A highly competitive compensation package is belig Lone 
‘offered, as well as private practice incentive options. 7 
' Interested candidates should send curriculum vitae to: 

Michael R. Donaldson — ` 

Direċtor, Physician Recruitment 

St. John Outpatient Corporation 

31510 Gratiot Avenue, Suite 300 

Roseville, MI 48066 

(313) 296-8610 


























StM 


Solin Hostal and Medical Center 


' PENNSYLVANIA HOSPITAL 
-~ — MATERNAL-FETAL | 
MEDICINE FELLOWSHIP: 


The accredited fellowship in-Maternal+Fetal 
‘Medicine of the Pennsylvania Hospital is seeking 
applicants for a position as a first year fellow begin- 
- ning July 1991, The fellowship is a 2 year clinical 
, and research-oriented program. Clinical services 
are based at Pennsylvania Hospital, a Level Ill 
referral center with a staff of 8 perinatologists who - 
_operate a large network of antenatal testing units, 
including genetics services and invasive ultraso- 
. hography. The position includes an academic ap- 
pointment in Obstetrics and Gynecology at the Uni- 
versity, of Pennsylvania. -An optional accredited. 
-three year program in Maternal-Fetal Medicine and " 
- Human Genetics is also available. Applicants must ` 
have completed an approved four year residency 
program in Obstetrics and Gynecology. For more 
information please write to: 
i Ronald J. Bolognese, M.D. 
`- Chairman, Dept. of Obstetrics and Gynecology 
Pennsylvania Hospital 
8th & Spruce Sts. 
$ Philadelphia, PA 19107 
$ Deadline for applications is May 15, 1990. 


Pennsylvania Hospital is an affiliate of 
The University of Pennsylvania ` 
and is an affirmative action/ 
equal opportunity employer. 





TROVER CLINIC 


OBSTETRICIAN-GYNECOLOGIST 


Opening for qualified Obstetrician- -Gynecol- 
ogist in the Department of OB-GYN in a 
newly established affiliate clinic ‘of a large 
multispecialty group in, western Kentucky. 


Competitive salary and attractive benefit 
package including malpractice insurance. 
Partnership eligibility in two years and no 
buy-in is required. 


Opportunity to practice state of the art med- 
icine in a semi-rural setting. Large lakes 
nearby which offer recreational opportuni- 
ties—metropolitan areas easily accessible. 
Community is family-oriented with relaxed 
lifestyle not available in large cities. 
Interested parties send CV to: 
‘Medical Director 
Trover Clinic 
Madisonville, KY 42431 ` 
Phone: 502-825-7470 


_ FACULTY POSITION 


UNIVERSITY OF WASHINGTON 
HARBORVIEW MEDICAL CENTER 


A University of Washington faculty position is 
available for the Obstetrics and Gynecology 
service at Harborview Medical Center, a Uni- 
versity of Washington affiliated hospital. Pa- 
tient responsibility will involve antepartum pa- 
tients, and both gynecologic outpatient and 
inpatient care. The individual will spend 60% 
time in clinical practice and the remaining time 
conducting medical student teaching, resi- 
dent teaching and clinical research. Appli- 
cants must be board eligible or certified in 
obstetrics and gynecology. Fellowship or re- 
search experience is desirable. The position 
is immediately available. 

Please send a curriculum vitae to: 


David A. Eschenbach, M.D. 
Department of Obstetrics and 
Gynecology, ZA-46 
Harborview Medical Center 
329 9th Ave. 

Seattle, WA 98014. 


An equal opportunity/affirmative 
action employer. 


THE CENTER FOR WOMEN'S SURGERY 
at 
Brown University 
and 
Women and Infanis Hospital of Rhode Island 


Announces a Comprehensive Three-Day Course in 
VAGINAL SURGERY 
October 4 - 6, 1990 


The Providence Marriott 
Charles at Orms Street 
Providence, Rhode Island 


Registration $600 


David H. Nichols, MD, FACS, FACOG 
Course Director 


For more information, please call 





401-863-3337 
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FETAL GROWTH 
RETARDATION: 
Diagnosis and Treatment 











OBSTETRICAL EVENTS and 
DEVELOPMENTAL SEQUELAE 


Edited by NERGESH TEJANI, M.D. 







































Edited by ASIM KURJAK, M.D., Ph.D. 
and JOHN M. BEAZLEY, M:D., Ph.D. 


This book fills a void in relating selected obstetrica! events 
to developmental sequelae in infancy and early childhood. f 
it presents available information on prognosis in early and |} 
| middie childhood based on obstetrical situations. Empha- |. 
£] sized are consequences of naturally occurring events such 
=] as fetal heart rate changes and fetal acidosis, intrauterine 
E] growth retardation, and premature rupture of membranes. 
£] This book is invaluable to obstetricians and developmental- 
ists dealing with high risk pregnancy, and to those in 
pediatrics, child neurology and child psycholagy. 







in this unique book emphasis is placed on tests necessary 
to evaluate fetal well-being and to detect those fetuses at 
risk of hypoxia and acidosis in utero. Written by pioneers 
in the neonatal field, this publication contains chapters on 
the pathophysiology , obstetric management, and collagen 
diseases of intrauterine growth retardation. Containing 
never-before-published information, this volume is an 
excellent reference source for both investigators in the field 
and those entering It. < 


















































CONTENTS (Partial): The Epidemiology and Etiology of 
intrauterine Growth Retardation. The Pathophysiology of 
intrauterine Growth Retardation. Obstetric Managementof 
intrauterine Growth Retardation. Ultrasound in Detection of 
Growth Retarded Fetuses. Utero-Placental and Fetal Cir- 
culation in Intrauterine Growth Retardation, Low Birth- 
weight and Fetal Growth Retardation: Some Preventable 
Aspects. Long-Term Glucose Infusions in the Treatment of 
Fetal Growth Retardation. Index. 224 pp., 7x10, 1989, 
ISBN 0-8493-4765-3, 

Catalog no. 4765TL...U.S. $97.50/Outside U.S. $115.00 


=} CONTENTS (Partial): Selected Perinatal Events and Fol- 
d low-Up Studies. Long-Term Follow-Up of Infants Exposed 
| to Ritodrine ‘in Utero. Long-Term Follow-Up of Children } 
-| Exposed to Betamethosone In Utero. Sequelae in Children 
| Who Survived in Utero Fetal Transfuston: A Comparison 
with Those Who Underwent Postpartum Exchange Transfu- 
sion Only. Fetal Heart Rate Patterns During Labor: Is Their 
©] Place in Obstetrics Overemphasized? A Critical Analysis of 
sq the Long-Term Sequelae of Midcavity Forceps Delivery. 
j] Obstetrical Antecedents of Periventricular/Intraventricular 
3] Hemorrhage and Periventricular Leucomalacia: Long-Term | 
Sequelae, index. 216 pp., 7x10, 1989, ISBN 0-8493-5762- 
4 


Catalog no. 5762TL..U.S. $95.00/Outside U.S. $112.00 








CRC Handbook of 
ULTRASOUND in OBSTETRICS 


and GYNECOLOGY 


Edited by ASIM KURJAK, M.D., Ph.D. 











CRC Handbook of the 
- LABORATORY DIAGNOSIS and 
TREATMENT of INFERTILITY 


Edited b 


The IMMUNOLOGY 
of the FETUS 


Edited by GERARD CHAQUAT, Ph.D., M.D. 





















This book provides the most current information available 









on the diagnosis and treatment of neonatal immunodefi- 
ciencies. It includes an up-to-date survey on the “riddle of 
the fetal allograft”. Ontogeny, immunological aspects of dif- 
ferentiation, and treatment of spontaneous abortion are 
also discussed. This book is useful to predoctoral students, 
researchers in obstetrics, animal husbandry, and reproduc- 
tive immunology. 





















searchers. 





















CONTENTS (Partial): Questions on the Emergence of T- 
Cell Repertoires. Ontogeny of Antigen-Presenting Cells. 
.Expression of Major Histocompatibility Antigens on Fetal 
and Placental Cells. Sexual Differentiation: Immunological 
Aspects. Prenatal Diagnosis and Early Treatment of Immu- 
nodeficiencies in Man. Antigenic Status of Trophoblast in 
Humans and Mice. Immunoregulatory Factors Secreted by 
Human or Murine Placenta or Gestational Tumors. Mater- 
nal Immunological Recognition of the Conceptus. Mother- 
Derived Selection of Immune Repertoires: Nongenetic Trans- 
mission of Developmental! Choices. Suppressor Cell Activ- 
ity in Human Cord Blood. Possible Role of Trophoblast in 
Preeclampsia. Xenogeneic Donkey-in-Horse Pregnancy 
Created by Embryo Transfer: immunological Aspects of a 
Model of Early Abortion. The Immunological Approach to 
the Treatment of Human Recurrent Spontaneous Abortion 
by Immunization with Lymphocytes. Index. c. 336 pp., 7x10, 
1989, ISBN 0-8493-4568-5. 
Catalog no. 4568TL....U.S. $149.95/Outside U.S. $176.00 


























CRC Handbook of Ultrasound in Obstetrics and 


Gynecology 
Vol. l, cat. no. 3253TL...Approx., U.S. $149.95/Outside U.S. $176.00 





Vol. fl, cat. no, 3254TL...Approx., U.S. $149.95/Outside U.S. $176.00 
____CRC Handbook of the Laboratory Diagnosis and 
Treatment of Infertility - 
Cat. no. 3549TL...Approx., U.S. $97.50/Outside U.S. $115.00 
_____The Immunology of the Fetus 





Cat. no. 4568TL...U.S. $149.95/Outside U.S. $176.00 
Fetal Growth and Retardation: 
Diagnosis and Treatment 

Cal. no. 4765TL...U.S. $97.50/Outside U.S. $115.00 





|] This practical, two volume handbook provides a critical look 
| at state-of-the-art ultrasound techniques and equipment. it 
‘| is a comprehensive reference with numerous black/white 
| and color ultrasonograms, tables and graphs. This impor- 
-| tant publication is especially helpful for clinicians and re- 


{| VOLUME I: Basic Principles of Ultrasonic Images. Current 
"4 Opinion on the Safety of Diagnostic Ultrasound. Ultrasound 
{| in the First Trimester. Gestational Age Estimation. Ultra- 
S| sound in Detection of Growth Retarded Fetuses. Placenta, 
|] Umbilical Cord and Amniotic Membranes. Normal Fetal 
Anatomy. Ultrasound in Detection of Fetal Malformations. c. 
| 384 pp., 7x10, due April 1990, ISBN 0-08493-3253-2. 

a Catalog no. 3253TL...U.S. $149.95/Outside U.S. 


| VOLUME II: Fetal Echocardiography. Invasive Diagnostic 
| Procedures in Obstetrics. Fetal Therapy-Approaches and 
| Problems. Doppler Ultrasound in the Assessment of Fetal 
| and Maternal Circulation. Blood Fiow and Behavioral States 
ed in the Human Fetuses. Transvaginal Ultrasonographic 
¿1 Diagnosis in Gynecology and infertility. Tissue Characteri- 
| zation in Obstetrics. Endosonography for the Diagnosis of: |: 
Uterine Malignoma. Normal Anatomy of the Female Pelvis 
and Principles of Ultrasound Diagnosis of Pelvic Pathology. 
Ectopic Pregnancy. Ultrasound and Infertility. Index. c. 384 
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31 This exciting new publication provides comprehensive, de- 
4 tailed, and step-by-step descriptions of materials and meth- 
E} ods currently used in laboratory procedures within the infer- 
1 tility clinic. It addresses the numerous, new, highly-sophis- 
| ticated procedures resulting from the recent explosion of 
<1 activity in the area of laboratory diagnosis and treatment of 
:| infertility. This work is invaluable to the clinician ordering 
z] laboratory procedures and to the technician performing the 
4 tests. Itis important reading for those in clinical pathology, 
=| study of reproduction and fertility. 
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The Obstetrics and Gynecology Review Course. 


June 4- 9, 1990 — St. Louis 
Nov. 26- Dec. 1, 1990 — Chicago 


Now, your comprehensive review of basic and clinical science - 
Sponsored by the Osler Institute and Penn State - 


OBJ ECTIVES: 


e Increase basic knowledge and clinical skills i in ob- -gyn. 
eè Assist residents and fellows to study efficiently 

e Prepare candidates to take board exams - 

e Provide es gynecologists with an update 


METHODS: .. 
e HOME STUDY MATERIALS with questions and answers 
e SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 

e PRACTICE EXAMS with oral and written parts 





"The facul was outstanding. The most pleascis thine was learning a iremeridous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


TOPICS | FACULTY 
Clinical Science Oncology. Hernando Arias, M.D. 
Surgical Anatomy Chemotherapy Se Fou Lanan 
Peter Cherouny, M.D. 
Embryology Vulva and Vagina Penn State University 
Radiology Cervix Philip Galle, M.D. 
Genetics Uterus Southern Illinios University . 
i Edward Hill, M.D. 
Teratology Ovary Univ. of Calif, San Francisco 
Anesthesiology - Trophoblast Allan Jacobs, M.D. 
Antibiotics Breast St. Louis University 
Pathology Benign Gynecology sae Saclay 
Vulva, Infectious Diseases Roy Petri, M.D. 
Vagina Urinary Retention Washington University 
i : : David Plourd,M.D. - 
Cervix ; : Urinary Incontinence Santa Clara Valley Med. Ctr. 
Endometrium Pediatric Gynecology ` Gerald Quirk, M.D. 
Myometrium Sexual Assault University of Arkansas 
Ov - Ectopic Pregnan -Peter Sand, M.D. 
Placenta Endometriodis 5 Rush Medical College 
ie . Robert Scully, M.D. 
Reproductive Maternal and Harvard University 
Endocrinology Fetal Medicine Ramona Slupik, M.D. 
Contraception Pharmacology aoe ae 
ae ee È ; onald Strickler, M.D. 
Infertility Diabetes a Washington University 
Amenorrhea Hypertension Richard Voet, M.D. 
Abnormal Bleeding Hematology Univ. of Texas Southwestern 
artum i ` Wendell Wall, Jr., M.D. 
ee os a ete University of North Dakota 
roracun I emature bor Stan Williams, M.D. 
Menopause ` Birth Trauma University of Florida 


Name 
Address 
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Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 








City/State/Zip 
© Phone l 





Mail today to: 


1094 Dawn Lane, Dept. G1-04 
P.O. Box 2218 
Terre Haute, IN 47802 


eee eee ee eee eee eee ee ee Terr) 





~ For: [J June 4-9, 1990 — St. Louis 


C Nov. 26-Dec. 1, 1990 — Chicago 
C Check enclosed for $ 
(J Please send more information 
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"Accommodations were comfortable...."* 


GOALS: This course for residents and 
practicing gynecologists is a comprehen- 
sive review and update offered in the, 
spring and fall, The fall course is more, 
clinically oriented. Home study questions 
are sent upon registration. Your best 
value is to repeat the course for half price 
immediately before exams. . 


" „and those little extras...."* 


LOWEST AIRFARES: Please call toll- 

free 1-800-548-8185 and identify yourssK 

with this Osler course. 

"the most education for the money."* ' 

C.M.E. CREDITS AND FEES: 

ePenn State designates this continuing 
medical education activity for 60 hours 
in Category 1 of the Physician’s Recog- 
nition Award of the American Medical 
Association, 

eThis program has been approved for 60 
cognates, Formal Learning, by The 
American College of Obstetricians and 


Gynecologists. 
e Practicing Gynecologists: $60 
Residents and Fellows: $46C 
Repeating course within 3 years: $345 
e Optional extra day Dec. 2 (more ques- 
tions, answers and pathology lab): $15% 


e Add 10% within 10 days of the course. 

Attendees not in course hotel add $11/day. 

e Fees do not include lodging or meals, 

e A deposit of $50 will reserve your position., 

e Most home study materials will be mailec 
after half of the registration fee is received. 


"home study material was earemely helpful"* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins 

eCancellation after mailing home study 
material requires retention of half the fee. 


"I feel [the course] helped me pass...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
i Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


F * Comments by participants ` ` 
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rethindrone/ethinyl estradiol 


h white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
tains 0.75 mmg norethingrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
ane and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains mert ingredients. 


2JATANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
sided with the product and therefore should not be used as the basis for prescribing the product. 
+ Summary was prepared by deleting from the complete prescribing information certain text. tables 

references. The physician should be thoroughly familiar with the complete prescribing information 
ore prescribing the product. 


ICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

éTRAINDICATIONS: Orai contraceptives shouid not be used in women who currently have the following 
ditions: 1. Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophie- 
s or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
sinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
t neoplasia. 6, Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy ar jaundice 
a prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


dgarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
ive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 

quite marked in women over 35 years of age. Women who use oral contraceptives shouid be 
arongly advised not to smoke. 








use of oral contraceptives is associated with increased risks of several serious conditions including 
cardial infarction, thromboembolism, stroke, hepatic neoplasia. and gallbiadder disease, although the 
of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
aypertension: hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
ald be famitiar with the following information relating to these risks. The information contained in this 
summary is principally based on studies carried out in patients who used oral contraceptives with 
ser formulations of estrogens and progestogens than those in common use today. The effect of tong 
4 use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
ve determined. Throughout this brief summary epidemiological studies reported are of two types 
spective of case control studies and prospective or cohort studies. Case control studies provide a 
vsure of the relative risk of a disease, namely a ratio of the incidence ot a disease among oral contra 
ive users to that among nonusers. The relative risk does not provide information on the actual clinical 
#rrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
ncidence of disease between oral contraceptive users and nonusers. The attributable risk does pro 
information about the actual occurrence of a disease in the population. For further information, the 
ver is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
SULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
wCiated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
@actors for coronary artery disease such as hypertension, hypercholesterotemia, morbid obesity. and 
tes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
ix. The risk is very low under the age ot 30. Smoking in combination with oral contraceptive use has 

shown to contribute substantially to the incidence of myocardia! infarctions in women in their 
“thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
Circulatory disease have been shown to increase substantially in smokers, especially in those 35 
ys of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
“ats of well-known risk factors. such as hypertension, diabetes. hyperlipidemias. age and obesity. in 
“gular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance. 
estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
“J pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
satiated with an increased risk of heart disease Oral contraceptives must be used with caution in 
en with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 

and thrombotic disease associated with the use of oral contraceptives is well established. Case 
¿rol studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
fer venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism. and 1.5 to 6 for 





n with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 

e risk to be somewhat ower, about 3 tor new cases and about 45 for new cases requiring hospital- 
aon, The risk of thromboembolic disease associated with oral contraceptives is not related to length ot 
wand disappears after pill use is stopped. A two- to four-fold increase in relative risk ot post-operative 
boembelic complications has been reported with the use of orat contraceptives. The relative risk of 
s thrombosis in women who have predisposing conditions is twice that of women without such 
‘acal conditions. if feasible. oral contraceptives should be discontinued at least four weeks prior to and 
-wo weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
img and following prolonged immobilization, Since the immediate postpartum period is also associated 
an increased risk of thromboembolism, ora! contraceptives should be started no earlier than four 
ws after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
have been shown to increase both the reiative and attributable risks of cerebrovascular events 
“embotic and hemorrhagic strokes), although. in general, the risk is greatest among older [>35 years), 
Jertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
sers, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study. 
lative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 12 for non- 
ers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
ers who used oral contraceptives, 1.8 for normotensive users and 257 for users with severe hyper- 
n. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
‘contraceptives. A positive association has been observed between the amount of estrogen and 
coegtagen in oral contraceptives and the risk of vascular disease A decline in serum high density 
oteins (HDL) has been reported with many progestational agents. A decline in serum high density 
oteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
pen doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
ctivity and amount of both hormones should be considered in the choice of an oral contraceptive. 
ng exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
articular estrogen/progestogen combination. the dosage regimen prescribed should be one which 
ns the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
sais of the individual patient. New acceptors of orai contraceptive agents should be started on prepara- 
containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
ies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. ina 
in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
wepersists for at least 9 years for women 40-49 years who had used oral contraceptives for tive or 
years, but this increased risk was not demonstrated in other age groups. In another study in Great 

, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
| contraceptives, although excess risk was very small. However. both studies were performed with 
traceptive formulations containing 50. micrograms or higher of estrogens. 2. ESTIMATES OF 
‘ALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
ated the mortality rate associated with different methods of contraception at different ages. These 
ates include the combined risk of death associated with contraceptive methods plus the nsk attribu- 
to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
sks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 

O and older who do not smoke, mortality associated with al! methods of birth control is low and 
‘that associated with childbirth. However. smokers 35 and older and non-smokers 40 and older who 
al contraceptives have a significant increase in mortality higher than those using other methods of 
cosontrol These facts must be weighed in conjunction with failure rates for other methods and the risk 
Jated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
iological studies have been performed on the incidence of breast. endometrial, ovarian and cervical 
f in women using oral contraceptives. While there are conflicting reports most studies suggest that 
ef oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
» gludies have reported an increased relative risk of developing breast cancer. particularly at a 
gaer age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4 HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributabie risk to be 
in the range of 33 cases/100,000 for users. a risk that increases after four or more years of use especially 
with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in iong-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision, onset of proptosis or diplopia, papiiedema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth detects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect. particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertent'y during early 
pregnancy The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. it is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Ora! contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among ora! contraceptive users may be minimal The recent findings of 
minima! risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be care‘ully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertrigiyceridemia 
while on the pili. As discussed earlier (see WARNINGS ta and 1d), changes in serum triglycerides and 
lipoprotein ievels have been reported in oral contraceptive users. 9 ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking orai contraceptives. and this increase Is 
more likely in older oral contraceptive users and with extended duration of use. Data ‘rom the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. if women elect to use orai contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping ora! contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or Severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonai causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy shouid be ruled cut. Some 
women may encounter post-pili amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medicai history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physica! examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care, 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed cisely if they elect to use oral 
contraceptives. Same progestogens may elevate LDL levels and may render the contro! of hyperiipidermas 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4 FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of riam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VIL VHL IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TSG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 
concentration is unaitered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids: however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f Glucose tolerance may be 
decreased g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of cligical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10 PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Smali amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. in addition. oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. if possible, the nursing 
mother should be advised not to use oral contraceptives bul to use other forms of cantraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophiebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Galibladder disease Hepatic adenomas or benign 
hver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms {such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow Amenorrhea Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness. erargemnent secretion. Change i weight (increase or decrease) Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine 
Rash (allergic), Mental depression. Reduced tolerance to carbohydrates. Vagina! candidiasis. Change in 
corneal curvature (steepening}. Intolerance to contact lenses. The following adverse reactions have been 
feported in users of oral contraceptives and the association has been neither confirmed nor refuted 
Pre-menstruai syndrome. Cataracts. Changes in appetite. Cystitis-ike syndrome. Headache Nervousness. 
Dizziness. Hirsutism. Loss of scalp haw. Erythema muttitorme. Erythema nodosum. Hemorrhagic eruption 
Vaginitis. Porphyria. impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ili effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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TRI - NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL} TABLETS 


BRIEF SUMMARY 


TRI-NORINYL® 21-Day Tablets (7 bive tablets of norethindrone 0.5 mg 

with ethinyl estradiol 0.035 mg, 9 yellow-green tablets of norethin- 

drone 10 mg with ethinyl estradiot 0.035 mg, 5 blue tablets of noreth- 

indrone 0.5 mg with ethinyl estradiol 0035 mg) 

TRI-NORINYL® 28-Day Tablets (7 blue tablets of norethindrone 0.5 mg 

with ethiny! estradiol 0.035 mg, 9 yellow-green tablets of norethin- 

drone 1.0 mg with ethinyl estradio! 0.035 mg, 5 biue tablets of noreth- 

indrone 0.5 mg with ethiny! estradiol 0.035 mg, 7 inert orange tablets} 

BREVICON* 21-Day Tablets (norethindrone 0.5 mg with ethinyl estra- 

dio! 0.035 mg) 

BREVICON* 28-Day Tablets (21 norethindrone 0.5 mg with ethinyl 

estradiol 0.035 m tablets followed by 7 inert tablets) 

NORINYL" 1+ 35 21-Day Tablets (norethindrone 1 mg with ethinyl 

estradiol 0.035 mg) 

NORINYL® 1 + 35 28-Day Tablets (21 norethindrone 1 mg with ethiny! 

estradio! 0.035 mg tablets followed by 7 inert tablets} 

a 1+50 21-Day Tablets (norethindrone 1 mg with mestranol 
05 m 

NORINYL 1450 cca Tablets (21 norethindrone 1 mg with mes- 

trano! 0.05 mg tablets followed by 7 inert tablets) 

NOR-0.0.* {norethindrone} Tablets 0.35 mg 

ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications: Prevention of pregnancy 
CONTRAINDICATIONS 


Oral contraceptives should not be used in women who have the following conditions 

+ Thrombaphlebitis or thromboembolic disorders 

+ A past history of deep vein thrombophiebditis or thromboembolic disorders 

+ Cerebral vascular or coronary artery disease 

+ Known or suspected carcinoma of the breast 

+ Carcinoma of the endometrium. and known or suspected estrogen-dependent 
neoplasia 

+ Undiagnosed abnormal genital bleeding 

+ Cholestatic jaundice of pregnancy or jaundice with prior pill use 

+ Hepatic adenomas, carcinomas or benign liver tumors 

+ Known of suspected pregnancy 


WARNINGS 


ratte smoking increases the risk of serious cardiovascular side 
affects from orai contraceptive use. This risk increases with age and 
with heavy smoking (15 or more cigarettes per day) and is quite marked 
in women over 35 years of age. Women who use oral contraceptives 
should be strongly advised not to smoke. 













The use of oral contraceptives is associated with increased risks of severai serious 
conditions including myocardial infarction, thromboembolism, stroke, hepatic neo- 
plasia and gallbladder disease, although the risk of serious morbidity and mortality 
increases significantly m the presence of other underlying risk factors such as 
hypertension, hyperiipidemias, hyperchoiesterolemia, obesity and diabetes 


Practitioners prescribing oral contraceptives should be familiar with the toliowing 
information relating to these risks. 


The intermation contained in this package insert is principally based on studies 
carried out in patients whe used oral contraceptives with formulations containing 
005 mg or higher of ssraen, The effects of long term use with lower dose formula- 
tions of both estrogens and progestogens remain to be determined 


Throughout this labeling, epidemiologica? studies reported are of two types: retro- 
Spective or case control studies and prospective of cohort studies. Case control 
studies provide a measure of the relative risk of a disease. Relative risk, the ratio ot 
the incidence of a disease among oral contraceptive users to that among non-users 
cannot be assessed directly from case control studies, but the odds ratio obtained is 
a measure of relative risk. The relative risk does not provide information on the 
actual clinical occurrence of a disease. Cohort studies provide not only a measure of 
the relative risk but a measure of attributable risk, which is the difference in the inci- 
dence of disease between oral contraceptive users and non-users. The attributable risk 
does provide information about the actual occurrence of a disease in the population 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS 
a. Myocardial infarction 


An increased risk of myocardial infarction has been attributed to ora! contraceptive 
use This risk is primarily in smokers or women with other underlying risk factors for 
coronary artery disease such as hypertension, hypercholesteroiemia, morbid obesity 
and diabetes. The relative risk of heart attack for current oral contraceptive users has 
been estimated to be 2 to 6. The risk 1s very low under the age of 30. However. there 
18 the possibility of a risk of carchovascular disease even in very young women whe 
take oral contraceptives 


Smoking in combination with ora! contraceptive use has been shown to contribute 
substantially to the incidence of myocardial intarctions in women 35 or older with 
smoking accounting for the majority of excess cases 


Mortality rates associated with circulatory disease have been shown to increase 
substantially in smokers Over the age of 35 and non-smokers over the age of 40 
among women who use oral contraceptives 


Orat contraceptives may compound the effects ot weli-known risk factors tor coro- 
nary artery disease, such as hypertension, diabetes, hyperlipidemias, hypercholes- 
terolemia, age and obesity In particular, some progestogens are known to decrease 
HDL cholesterol and impair oral glucose tolerance, while estrogens may create a 
state of hyperinsulinism. Oral contraceptives have been shown to increase blood 
pressure among users (see WARNINGS, section 9). Similar effects on risk factors 
have been associated with an increased risk of heart disease. Oral contraceptives 
must be used with caution in women with cardiovascular disease risk factors 


d. Thromboembolism 


An increased risk of thromboemboiic and thrombotic disease associated with the use 
of oral contraceptives is well established. Case contro! studies have found the 
relative nsk of users compared to non-users to be 3 for the first episode of superfi- 
cial venous thrombosis. 4 to 11 for deep ven thrombosis or pulmonary embolism, 
and 15 to 6 for women with predisposing conditions for venous thromboembolic 
disease. One cohort study has shown the relative risk to be somewhat lower, about 3 
for new cases (subjects with no past history of venous thrombosis or varicose veins} 
and about 45 for new cases requiring hospitalization. The risk of thromboembolic 
disease due to oral contraceptives 1s not refated to tength of use and disappears after 
pill use 3s stopped 


A 2- to 6-fold increase in relative nsk of post-operative thromboembolic complica- 
tions has been reported with the use of oral contraceptives. lf feasible, oral contra- 
Ceptives should be discontinued at least 4 weeks prior to and for 2 weeks after 
elective surgery and Suring and following prolonged immobilization. Since the imme- 
diate postpartum period also is associated with an increased risk of thromboembo- 
kism, oral contraceptives should be started no earlier than 4 to 6 weeks after delivery 
in women who elect not to breast teed 


c, Cerebrovascular diseases 


An increase in both the relative and attributable risks of cerebrovascular events 
{thrombotic and hemorrhagic strokes} has been shown in users of ora! contracep- 
tives. in general, the risk is greatest among older (> 35 years), hypertensive women 
who also smoke. Hypertension was found te be a risk factor for both users and 
non-users for both types of strokes while smoking interacted to increase the risk for 
hemorrhagic strokes. 


ina large study, the relative risk of thrombotic strokes has been shown to range trom 
3 for normotensive users to 14 for users with severe hypertension. The relative risk of 
hemorrhagic stroke is reported to be 1.2 for non-smokers who used oral contracep- 
tives. 2.6 for smokers who did not use oral contraceptives, 76 for smokers who used 
oral contraceptives. 18 for normotensive users and 25.7 for users with severe hyper- 
tension The attributable risk aiso is greater in women 35 or older and among smokers 


d. Dose-related risk of vascular disease from oral contraceptives 


A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in 
serum high density lipoproteins (HDL) has been reported with some progesiational 


agents. A decline in serum high density lipoprotems fas been associated with an 
increased icidence of ischemic heart disease. Becaese estrogens increase HOL 
cholesterol. the net effect of an ora! contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the naure and absolute amount of 
progestogens used in the contraceptwes The amount of both hormones should be 
considered i the choice of an orat contraceptive 


Minumizing exposure to estragen and progestogen is in keeping with good principles 

af therapeutics. For any particular estrogen:progestogen combination, the dosage 

regimen prescribed should be one which contains the least amount of estrogen and 

progestogen that is compatible with a iow failure rate and the needs of the individual 

patient. New acceptors of oral contraceptive agents should be started on prepara- 

fos onan the lowest estrogen content that produces satistactory results for 
e individual 


g. Persistence of risk of vascular disease 


There are three studies which have shown persistence of risk of vascular disease tor 
ever-users of oral contraceptives. In a study in the United States. the risk of develop- 
ing myocardial infarction after discontinuing oral contraceptives persists for at teast 
9 years for women 40-49 years who had used ora! costraceptives for 5 or more 
years. Dut this increased risk was not demonstrated in oher age groups. in another 
Study in Great Britain, the risk of developing cerebrovascilar disease persisted for at 
least 6 years after discontinuation of orai contraceptives, although excess risk was 
very smalt Subarachnoid hemorrhage also has a significantly increased relative risk 
after termination of use of oral contraceptives. Hower2r, these studies were per- 
formed with orai contraceptive formulations containing 025 mg or higher of estrogen 


2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 


One study gathered data from a variety of sources which have estimated the mortal- 
ity rates associated with different methods of contracepton at different ages. These 
estimates include the combined risk of death associated with contraceptive methods 
plus the risk attributable to pregnancy in the event of method failure Each method of 
contraception has its specific benefits and risks. The stedy concluded that with the 
exception of oral contraceptive users 35 and older who snoke and 40 and older who 
do not smoke. mortality associated with ai! methods of beth control is tow and below 
that associated with childbirth. However. smokers 35 ane older and non-smokers 40 
and older who use oral contraceptives have an increase in mortality greater than 
those using other methods of birth contrat. These tacts must be weighed in conjunc- 
tion with failure rates for other methods and the nisk associated with subsequent 
pregnancy 


3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 


Numerous epidemiologica! studies have been performed on the incidence of breast. 
endometrial, ovanan and cervical cancer in women usitg oral contraceptives. The 
evidence in the literature suggests that use of orat contraceptives is not associated 
with an increase in the risk of developing breast cancer regardless of the age and 
panty of first use or with most of the marketed brands and doses. The Cancer and 
Steroid Hormone study also showed no fatent effect on the risk of breast cancer tor at 
feast a decade following long term use A tew studies have shown a shghtly increased 
relative risk ot developing breast cancer, aithough the methodology of these studies. 
which inciuded differences in examination of users and non-users and differences in 
age at start of use, has been questioned 


Some studies suggest that oral contraceptive use has been associated with an 
increase in the risk ol cervical intraepithelial neoplasia in some populations of 
women. However. there continues to be controversy atout the extent to which such 
findings may be due to differences in sexual behavior aid other factors 


in spite of many studies of the relationship between al contraceptive use and 
breast or cervical cancers, a cause and effect relahonsup has not been established 


4. HEPATIC NEOPLASIA 


Benign hepatic adenomas are associated with ora! coateaceptive use although the 
incidence of benign tumors :5 rare in the United States. indirect calculations have 
estimated the attributable risk to be in the range af 3.3 cases per 100,000 tor users. a 
risk that increases after 4 or more years of use. Rupture of rare. benign. hepatic 
adenomas may cause death through intra-abdominal hemorrhage 


Studies in the United States and Britain have shown an increased risk ot developing 
hepatocellular carcinoma in long term {8 years) oral Contraceptive users. However. 
these cancers ate extremely rare in the United States and the attnbutabie risk (the 
excess incidence) of liver cancers in oral contraceptve users 1s iess than 1 per 
1000.000 users 


5. OCULAR LESIONS 


There have been clinical case reports of retinal thrombosis associated with the use 
af orat contraceptives. Orai contraceptives should be discontinued it there 1s unex- 
plained partial or complete loss of vision: onset of proptosis or dipiopia: papiiedema: 

Or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should 
be undertaken immediately 


6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 


Extensive epidemiological studies have revealed no increasad risk of birth defects in 
women who have used oral contraceptives prior to pregnancy More recent studies 
do not suggest a teratogenic ettect. particularly insofar as cardiac anomales and imb 
reduction defects are concerned, when taken inadvertently during early pregnancy 


The administration of oral ronirachpiines to induce withdrawal bleeding should not 
be used as a test for pregnancy. Oral contraceptives should not be used during 
pregnancy to treat threatened or habitua! abortion 


it ıs recommended that for any patient who has missed 2 consecutive penods. 
pregnancy shouid be ruled out betore continuing oral contraceptive use if the 
patient has not adhered to the prescribed schedule. the possibility of pregnancy 
should be considered at the time of the frst missed period Oral contraceptive use 
shouid be discontinued if pregnancy is confirmed 


7. GALLBLADDER DISEASE 


Earlier studies have reported an increased ifetime retative tisk of gallbladder surgery 
in users of oral contraceptives and estrogens More recent studies. however, have 
showfi that the relative risk of developing garbage disease among oral contracep- 
tive users may be mnimai The recent findings of minimal risk may be related to the 
use of oral contraceptive formulations containing lower hormonal doses of estrogens 
and progestogens 


8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 


Orat contraceptives have been shown to impair oral glucose tolerance. Oral contra- 
ceptives contaimng greater than 0075 mg of estrogen cause glucose intolerance 
with smpaired insulin secretion, while iower doses of estrogen may produce iess 
glucose intolerance Progestogens increase insulin secret-on and create insuhn 
resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood 
glucose. Because of these demonstrated effects. prediabetic and diabetic women 
should be carefully observed while taking oral contraceptives 


Some women may develop persistent hypertriglyceridemia while on the pri As 
discussed earlier (see WARNINGS, sections ta and 1d). changes in serum triglyc- 
erides and hpaprotein levels have been reported in orai contraceptive users 


9. ELEVATED BLOOD PRESSURE 


An increase in blood pressure Nas been reported in women taking oral contracep- 


tives. The incidence of risk also was reported to increase wih continued use and 
among older women. Data from the Roya! College of Genecai Practrtoners and 
subsequent randomized trials have shown that the ncideace of hypertension 
increases wilh increasing concentrations of progestogens. 


Women with a history of hypertension or hypertens:or-related diseases or rena! 
disease shouid be encouraged ta use another method of contraception. H women 
elect to use oral contraceptives. they should be monitored ciosely and st significant 
elevation of biood pressure occurs oral contraceptives should be discontinued For 
most women, elevated blood pressure wii return to aormat atter stopping orai 
contraceptives and there is no difference in the occurrence of iypertension among 
ever- and never-users 


10. HEADACHE 


The onset or exacerbation ol migraine of development of headache with a new 
pattern which is recurrent, persistent or severe requires discontinuation of ora! 
contraceptives and evaluation of the cause 


41. BLEEDING IRREGULARITIES 


Breakthrough bleeding and spotting are sometimes encountered :n patients on ora! 
contraceptives, especially during the first 3 months of use Noo-hormonal causes 
should be considered and adequate diagnostic measures taken to rule out matig- 
nancy of pregnancy in the event of breakthrough bleeding. as n the case of any 
abnormal vagina? bleeding H pathology has been excluded. tnae or a change to 
another formulation may Solve the problem in the even! of amerorrhea pregnancy 
shouid de ruled out 


Some women may encounter post-pill amenorrhea or okgomenorrhea. especially 
when such a condition was pre-existent 


PRECAUTIONS 
1. PHYSICAL EXAMINATION AND FOLLOW-UP 


A complete medical history and physical examination should be taken prior fo the 
initiation or remstitution of oral contraceptives and at least annually during ase of 
oral contraceptives. These physical examinations should include special reference to 
biood pressure. breasts, abdomen and pelvic organs, including cervical cytology and 
felevant laboratory tests. in case of undiagnosed, persistent or recurrent abnormal 
vagina Dleeding, appropriate diagnostic measures should be conducted to rule cut 
malignancy. Women with a strong family history of breast cancer or who have breast 
fodules should be monitored with particular care 


2. LIPID DISORDERS 


Women who are being treated for hyperlipidemias should be followed closely it they 
giec! to use oral contraceptives. Some progestogens may elevate LDL levels and may 
render the contro! of hypertipidemias more difficult 


3. LIVER FUNCTION 


If jaundice develops in any woman receiving oral contraceptives the medication 
should be discontinued. Steroid hormones may be poorly metabolized in patients 
with impaired fiver function. 


4. FLUID RETENTION 


Oral contraceptives may cause some degree of find retention. They should be 
prescribed with caution. and only with careful monitoring, in patients with condi- 
tions which might be aggravated by Hurd retention 


5. EMOTIONAL DISORDERS 


Women with a history of depression shouid be carefully observed ang the drug 
discontinued f depression recurs to a serous degree. 


§. CONTACT LENSES 


Contact iens wearers who develop visual changes or changes in lens tolerance should 
be assessed by an ophthalmologist 


7. DRUG INTERACTIONS 


Reduced etficacy and increased incidence of breakthrough bleeding and menstrual 
wfeguianties have been associated with concomitant use of rifampin. A similar 
association though less marked, has been suggested with barbiturates, phenyibuta- 
zone, phenytoin sodium, and possibly with griseofulvin, ampicilin and tetracycines 


8. INTERACTIONS WITH LABORATORY TESTS 


Certain endocrine and liver function tests and biood components may be attected by 
oral contraceptives 


a. Increased prothrombin and tactors Vil, Viit. IX, and X, decreased antithrombin 3 
increased Norepinephrine-induced platelet aggregability 


b. increased thyroid binding globulin (TBG) feading to increased circulating total 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or by 
radioimmunoassay Free T3 resin uptake is decreased. reflecting the elevated TBG 
Free T4 concentration ss unaltered 


c. Other binding proteins may be elevated in serum, 


d. Sex steroid tinding globulins are increased and result in eievated ieveis of totai 
circulating sex steroids and corticoids; however, free or biologically active ievels 
remain unchanged 


e. Triglycerides may be increased. 
t. Glucose tolerance may be decreased 


g. Serum toiate levels may be depressed by oral contraceptive therapy This may be 
of clinical significance it a woman becomes pregnant shortly after discontinuing oral 
contraceptives, 


9, CARCINOGENESIS 

See WARNINGS section 

10. PREGNANCY 

Pregnancy Category X See CONTRAINDICATIONS and WARNINGS sections 
11. NURSING MOTHERS 


Smail amounts of oral contraceptive steroids nave been identified in the milk of 
nursing mothers and a tew adverse effects on the child have been reported. inciuding 
jaundice and breast enlargement In addition, oral contraceptives given in the post 
partum period may interfere with lactation by decreasing the quantity and quality of 
breast milk. if possible, the nursing mother should be advised not to use oral 
contraceptives Dut to use other forms of contraception unti she has completely 
weaned her chid 


INFORMATION FOR THE PATIENT 
See PATIENT LABELING. 
ADVERSE REACTIONS 


An increased tisk of the following serous adverse reactions has been associated with 
the use of oral contraceptives (see WARNINGS section} 


« Thrombophietetis + Arterial thromboembohsm + Puimanary embolism + Myocardial 
infarction + Cerebral hemorrhage « Cerebrai thrombosis « Hypertension + Galibiadder 
disease « Hepatic adenomas. carcinomas or benign liver tumors 


There ıs evidence of an association between the following conditions and the use of 
oral contraceptives, although additional confirmatory studies are needed 


+ Mesenteric thrombosis » Retinal thrombosis 


The following adverse reactions have been reported in pabents receiving ora! Con- 
traceptives and are beleved to be drug-related 


+ Nausea + Vomiting « Gastrointestinal symptoms (such as abdominal cramps and 
bloating} + Breakthrough bieeding » Spotting + Change in menstrual flow + Amenor- 
shea + Temporary intertiity after discontinuation of treatment « Edema + Melasma 
which may persist + Breast changes: tenderness. enlargement. secretion « Change in 
weight {increase or decrease} « Change in cervical erosion and secretion e Diminutien 
in lactation when given immediately postpartum + Cholestatic jaundice » Migraine « 
Rash {allergic} « Mental depression + Reduced tolerance to carbohydrates + Vagina! 
candidiasis + Change in corneal curvature (steepening) » intolerance to contact lenses 
The following adverse reactions have been reported in users of oral contraceptives 
and the association has been neither confirmed nor refuted 
+ Pre-menstrual syndrome + Cataracts « Changes in appetite + Cystitis-tike syndrome » 
Headache » Nervousness + Dizziness « Hirsutism e Loss of scalp hair « erythema 
multdorme + Erythema nodosum « Hemorrhagic eruption + Vaginitis » Porphyria + 
impaired renal function e Hemolytic uremic syndrome + Budd-Chiari syndrome » Acne 
+ Changes in libido » Colitis 
OVERDOSAGE 

Serious di effects have not been reported foliowing acute ingestion of large doses of 
oral contraceptives by young children. Overdosage may cause nausea, and with- 
drawal bleeding may occur in females 

NON-CONTRACEPTIVE HEALTH BENEFITS 
The following non-contraceptive health benefits related to the use of oral contracep- 
tives are supported by epidemiciogical studies which largely utilized oral contracep- 
hve formulations containing estrogen doses exceeding 0035 mg of ethiny! estradio! 
or 005 mg of mestrana! 
Etfects on menses, 


+ Increased menstrua! cycle regularity « Decreased diood loss and decreased mci- 
dence of iron deticrency anemia + Decreased inesdence of dysmenorrhea 


Effects related to inhibition of ovulation 


+ Decreased incidence of functional ovarian cysts + Decreased incidence of ectopic 
pregnancies 


Eftects from long-term use: 


+ Decreased incidence of fibroadenomas ang tibrocystic disease of the breast + 
Decreased inc:dence of acute pelvic inflammatory disease + Decreased incidence of 
endometrial cancer + Decreased incidence af ovarian cancer 


Rev. August 1989 
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Your younger patients just Your eer-oriented patients Your older, nonsmoking 
starting contraception, delay childbearing, patients restarting er 
because low impact norethin- becaueduced progestin helps tion, because Tri-NorinyI is the 
drone lowers the risk of acne avoid! cycle side effects, only multiphasic OC to lower 
and bloating. such ¿eight gain, headache, progestin in the late cycle to min- 
and dession. imize overall hormonal impact. 
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TRI-JORINYL 


Uniquely phased for shases of a woman's reproductive life a {> Ni 


Serious as well as minor side effects have been reported folltse of oll oral contraceptives. These include thromboembolic disease. Ss) SYNTEX 
Please see adjacent page for brief summary of prescribingò. ©1990 Syntex Laboratories, Inc. 814-62-116-89 SINT ERTE 





Calcium every day 
Aerobics every wee 


Bone loss every yea 


pays 
roy 


She needs PREMARIN to help 
prevent further bone loss 


Calcium’ and exercise are not enough to prevent post- 
menopausal osteoporosis, since estrogen deficiency is the 
primary cause.* PREMARIN is the only brand of estrogen 
indicated to preventfurther bone loss and in a recently 
published study has been shown to reduce the risk of 

hip fractures by as much as 66%.° 


Early PREMARIN therapy 
offers the best protection 


The most significant rate of bone loss occurs in early 
menopause. PREMARIN can help maintain bone mass, 


preventing the progression of osteoporosis and 
its consequences. 


Protection continues as long as 
estrogen therapy continues 


Clinical studies stow that within three years of menopause 
when therapy is wthdrawn, bone loss begins again.* 


PREMARIN 
(conjugated estrogens tablets) 


Proven benefits 
for menopause and beyond 


See important information on adjacent page. 


For moderate-to-severe 


vasomotor symptoms and 
for osteoporosis 


PREMARIN 


(conjugated estrogens tablets) 


0.3mg 0.625mg 0.9mg 1.25mg 2.5mg 


The appearance of these tablets is a trademark of Wyeth-Ayerst Laboratories. 





BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION, SEE PACKAGE 
CIRCULARS.) 


PREMARIN® Brand of conjugated estrogens tablets, USP 
PREMARIN® Brand of conjugated estrogens Vaginal Cream, in a nonliquefying base 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL CARCINOMA 
Three independent, case-controlled studies have reported an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for more than one year. This risk was independent 
of the other known risk factors for endometrial cancer. These studies are further supported by the finding 
that incidence rates of endometrial cancer have increased sharply since 1969 in eight different areas of the 
United States with population-based cancer reporting systems, an increase which may be related to the 
rapidly expanding use of estrogens during the last decade. The three case-controlled studies reported that 
the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 times greater than in nonusers. The 
risk appears to depend on both duration of treatment and on estrogen dose. In view of these findings, when 
estrogens are used for the treatment of menopausal symptoms, the lowest dose that will control symptoms 
should be utilized and medication should be discontinued as soon as possible. When prolonged treatment 
is medically indicated, the patient should be reassessed on at least a semi-annual basis to determine the 
need for continued oap Although the evidence must be considered preliminary, one study suggests that 
cyclic administration of low doses of estrogen may carry less risk than continuous administration, it 
therefore appears prudent to utilize such a regimen. Close clinical surveillance of all women taking 
estrogens is important. In all cases of undiagnosed persistent or recurring abnormal vaginal bleeding 
adequate diagnostic measures should be undertaken to rule out malignancy. There is no evidence at present 
that “natural” estrogens are more or less hazardous than “synthetic” estrogens at equi-estrogenic doses. 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY 

The use of temale sex hormones, both estrogens and progestogens, during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to Ley ea nes a nonsteroidal 
estrogen, have an increased risk of developing, in later life, a form of vaginal or cervical cancer that is 
ordinarily extremely rare. This risk has been estimated as not greater than 4 per 1,000 exposures 
Furthermore, a high percentage of such exposed women (from 30% to 90%) have been found to have 
vaginal adenosis, epithelial changes of the vagina and cervix. Although these changes are histologically 
benign, it is not known whether they are precursors of malignancy. Although similar data are not available 
with the use of other estrogens, it cannot be presumed they would not induce similar changes. Several 
reports suggest an association between intrauterine exposure to female sex hormones and congenital 
anomalies, including congenital heart defects and limb-reduction defects. One case-controlled study 
estimated a 4.7-fold increased risk of limb-reduction defects in infants exposed in utero to sex hormones 
(oral contraceptives, hormone withdrawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved only a few days of treatment. The data 
suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than 1 per 1,000. In the 
past, female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications, and there is no 
evidence from well-controlled studies that progestogens are effective for these uses. If PREMARIN is used 
during pregnancy, or if the patient becomes pregnant while taking this drug, she should be apprised of the 
Potential risks to the fetus, and the advisability of pregnancy continuation 










































DESCRIPTION: PREMARIN (conjugated estrogens, USP) contains a mixture of estrogens, obtained exclusively 
trom natural sources, blended to represent the average composition of material derived from pregnant mares’ 
urine. It contains estrone, equilin, and 17a-dihydroequilin, together with smaller amounts of 17c-estradiol, 
equilenin, and 17c.-dihydroequilenin as salts of their sulfate esters. Tablets are available in 0.3 mg, 0.625 mg, 0.9 
mg, 1.25 mg, and 2.5 mg strengths of conjugated estrogens. Cream is available as 0.625 mg conjugated 
estrogens per gram. 

INDICATIONS AND USAGE: PREMARIN (canpa estrogens tablets, USP): Moderate-to-severe vasomotor 
symptoms associated with the menopause. (There is no evidence that estrogens are effective for nervous 
symptoms or depression without associated vasomotor symptoms and they should not be used to treat such 
conditions.) Osteoporosis (abnormally low bone mass). Atrophic vaginitis Kraurosis vulvae. Female castration 

PREMARIN (conjugated estrogens} Vaginal Cream is indicated in the treatment of atrophic vaginitis and 
kraurosis vulvae. 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREGNANCY AND ITS 
USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED WARNING) 

CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the following conditions 
1. Known or suspected cancer of the breast except in appropria ay selected patients being treated for metastatic 
disease. 2. Known or suspected estrogen-dependent neoplasia. 3. Known or suspected pregnancy (see Boxed 
Warning). 4. Undiagnosed abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disorders 
6. A past history of thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous 
estrogen use (except when used in treatment of breast or prostatic malignancy). 

WARNINGS: Estrogens have been reported to increase the risk of endometrial carcinoma (see Boxed Warning) 
However, a recent large, case-controlled study indicated no increase in risk of breast cancer in postmenopausal 
women. A recent study has reported a 2- to 3-fold increase in the risk of surgically confirmed gallbladder disease 
in women receiving postmenopausal estrogens. 

Adverse effects of oral contraceptives may be expected at the larger doses of estrogen used to treat prostatic or 
breast cancer or postpartum breast engorgement; it has been shown that there is an increased risk of thrombosis 
in men receiving estrogens for prostatic cancer and women for postpartum breast engorgement. Users of oral 
contraceptives have an increased risk of diseases, such as thrombophlebitis, pulmonary embolism, stroke, and 
myocardial infarction. Cases of retinal thrombosis, mesenteric thrombosis, and optic neuritis have been reported 
in oral contraceptive users. An increased risk of postsurgery thromboembolic complications has also been 
reported in users of oral contraceptives. If feasible, estrogen should be discontinued at least 4 weeks before 
surgery of the type associated with an increased risk of thromboembolism, or during periods of prolonged 
immobilization. Estrogens should not be used in persons with active thrombophlebitis, thromboembolic 
disorders, or in persons with a history of such disorders in association with estrogen use. They should be used 
with caution in patients with cerebral vascular or coronary artery disease. Large doses (5 mg conjugated 
estrogens per day), comparable to those used to treat cancer of the prostate and breast, have been shown to 
increase the risk of nonfatal myocardial infarction, celle embolism, and thrombophlebitis. When doses of 
this size are used, any of the thromboembolic and thrombotic adverse effects should be considered a clear risk 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain and tenderness, 
abdominal mass, or hypovolemic shock. Hepatocellular carcinoma has been spb in women taking estrogen- 
Containing oral contraceptives. Increased blood pressure may occur with use of estrogens in the menopause and 
blood pressure should be monitored with estrogen use. A worsening of glucose tolerance has been observed in 
Patients on estrogen-containing oral contraceptives. For this reason, diabetic patients should be carefully 
Observed. Estrogens may lead to severe hypercalcemia in patients with breast cancer and bone metastases 
PRECAUTIONS: Physical examination and a complete medical and mg history should be taken prior to the 
initiation of any estrogen therapy with special reference to blood pressure, breasts, abdomen. and pelvic organs, 
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and should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed for longer than 
one year withoutanother physical examination being performed. Conditions influenced by fluid retention, such 
as asthma, epilejsy, migraine, and cardiac or renal dystunction, require careful observation. Certain patients may 
develop manifesations of excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding, 
mastodynia, etc Prolonged administration of unopposed estrogen therapy has been reported to increase the risk 
of endometrial typerplasia in some patients. Oral contraceptives appear to be associated with an increased 
incidence of meral depression. Patients with a history of depression should be carefully observed. Pre-existing 
uterine leiomyonata may increase in size during estrogen use. The pathologist should be advised of estrogen 
therapy when reavant specimens are submitted. If jaundice develops in any patient receiving estrogen. the 
medication shoud be discontinued while the cause is investigated. Estrogens should be used with care in 
Patients with impired liver function, renal insufficiency, metabolic bone diseases associated with hypercalcemia, 
Or in young patiets in whom bone growth is not yet complete. If concomitant progestin therapy is used. potential 
risks may includ adverse effects on carbohydrate and lipid metabolism 

Concomitant Pogestin Use: The lowest effective dose appropriate for the specific indication should be 
utilized. Studies» the addition of a progestin for 7 or more days of a cycle of estrogen administration have 
reported a loweed incidence of endometrial hyperplasia. Morphological and biochemical studies of the 
endometrium sugest that 10 to 13 days of progestin are needed to provide maximal maturation of the 
endometrium ancto eliminate any hyperplastic changes. Whether this will provide protection trom endometrial 
Carcinoma has ncbeen clearly established. There are possible additional risks which may be associated with the 
inclusion of progétin in estrogen replacement regimens. The choice of progestin and dosage may be important in 
minimizing possile adverse effects 

The following hanges may be expected with larger doses of estrogen 

a. Increased sifobromophthalein retention 

b. Increased pithrombin and factors VII, Vill, IX, and X; decreased antithrombin 3. increased norepinephrine- 
induced platelet agregability. 

c. Increased throid binding globulin (TBG) leading to increased circulating total thyroid hormone, as 
measured by PBIT, by column. or T, by radioimmunoassay. Free T, resin uptake is decreased, reflecting the 
elevated TBG: fretT, concentration is unaltered 

d Impaired gluose tolerance 

e. Decreased pignanediol excretion 

t. Reduced resonse to metyrapone test 

g. Reduced serm folate concentration 

h. Increased seam triglyceride and phospholipid concentration 

As a general priciple, the administration of any drug to nursing mothers should be done only when clearly 
necessary since mny drugs are excreted in human milk 

Long-term, conhuous administration of natural and synthetic estrogens in certain animal species increases 
the frequency of cæinomas of the breast, cervix, vagina, and liver. However, in a recent, large case-controlled 
a of a sal women there was no increase in risk of breast cancer with use of conjugated estrogens. 

RSE REACIONS: The following have been reported with estrogenic Heran, including oral con- 
traceptives: breaktrough bleeding, spotting, change in menstrual flow; dysmenorrhea: premenstrual-like 
syndrome, amenorrea during and after treatment, increase in size of uterine fibromyomata, vaginal candidiasis, 
change in cervical fosion and in degree of cervical secretion, cystitis-like syndrome, tenderness, enlargement, 
secretion (of brea‘s): nausea, vomiting, abdominal cramps, bloating; cholestatic jaundice; chloasma or 
melasma which mayersist when drug is discontinued, erythema multiforme, erythema nodosum, hemorrhagic 
eruption; loss of scip hair; hirsutism; steepening of corneal curvature, intolerance to contact lenses, headache, 
migraine, dizziness nental depression, chorea: increase or decrease in weight, reduced carbohydrate tolerance; 
aggravation of por tia, edema; changes in libido. 

ACUTE OVER! OSGE: May cause nausea, and withdrawal bleeding may occur in females. 

DOSAGE AND ADIINISTRATION: 

PREMARIN® Brad of conjugated estrogens tablets, USP 

1. Given cyclically ft short-term use only. For treatment of moderate-to-severe vasomotor symptoms, atrophic 
vaginitis, or krauros. vulvae associated with the menopause (0.3 mg to 1.25 mg or more daily). The lowest dose 
that will control symtoms should be chosen and medication should be discontinued as promptly as possible. 
Administration show be cyclic (eg. three weeks on and one week off) Attempts to discontinue or taper 
medication should t made at three- to six-month intervals 

2. Given cyclically: Gteoporosis. Female castration. Osteoporosis —0.625 mg daily. Administration should be 
cyclic (eg, three wees on and one week off). Female castration —1.25 mg daily. cyclically Adjust upward or 
downward accordingo response of the patient. For maintenance, adjust dosage to lowest level that will provide 
effective control 

Patients with an inct uterus should be monitored tor signs of endometrial cancer and appropriate measures 
taken to rule out maQnancy in the event of persistent or recurring abnormal vaginal bleeding 
PREMARIN® Brancof conjugated estrogens Vaginal Cream 
Given cyclically for sort-term use only. For treatment of atrophic vaginitis or kraurosis vulvae 

The lowest dose tht will control symptoms should be chosen and medication should be discontinued as 
promptly as possible 

Administration shald be cyclic (eg. three weeks on and one week off) 

Attempts to disconinue or taper medication should be made at three- to six-month intervals 

Usual dosage rang: 2 g to 4 g daily, intravaginally, depending on the severity of the condition 

Treated patients wh an intact uterus should be monitored closely tor signs of endometrial cancer and 
appropriate diagnosticmeasures should be taken to rule out malignancy in the event of persistent or recurring 


abnormal vaginal bleding Revised October 1987 
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CLINICAL SECTION 
W Clinical Opinion 
Scientific advances, societal trends, and the education and practice of 1135 
obstetrician-gynecologists 
J. Robert Willson, MD 
Albuquerque, New Mexico 
Expanding knowledge, technologic advances, and societal changes are altering the roles of 
obstetrician-gynecologists; few residents are prepared to provide appropriate health care for 
women. 
Magnesium sulfate is the ideal anticonvulsant in preeclampsia-eclampsia 1141 
Baha M. Sibai, MD 
Memphis, Tennessee 
A review of the data available in the obstetric literature indicates that magnesium sulfate is 
the ideal anticonvulsant in preeclampsia-eclampsia. 
W Clinical Articles 
A prospective randomized study of saline solution amnioinfusion 1146 
John Owen, MD, Brenda V. Henson, RN, and John C. Hauth, MD 
Birmingham, Alabama 
Saline solution amnioinfusion may decrease the incidence of postpartum infection and 
cesarean delivery for management of feial distress in labor. 
Early signs and symptoms of preterm labor 1150 


Michael Katz, MD, Karen Goodyear, MD, and Robert K. Creasy, MD 
San Francisco, California, and Housto1, Texas 


The incidence of symptoms preceding spontaneous preterm labor, compared with matched 


controls, are described. 
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Increasing quantity of maternal immunoglobulin. G in trophoblastic tissue — 1154 
before the onset of normal labor 
James W. Akin, MD, Wayne B. Conover, MD, and Paul D. DePriest, MD 


Lexington, Kentucky 


The quantity of maternal immunoglobulin G in trophoblastic tissue rises during the third 
trimester with a significant increase before the onset of normal labor. 


Changes in hemostasis activity during delivery and the immediate 1158 
postpartum period 

Francis R. Gerbasi, CRNA, PhD, Sidney Bottoms, MD, Abdelmonem Farag, MD, 

and Eberhard F. Mammen, MD 

Detroit, Michigan 


Hemostasis activity peaks at the time of delivery and during the immediate postpartum 
period. 


Postpartum Budd-Chiari syndrome with prolonged hypercoagulability 1164 
state 
Y. Ilan, MD, R. Oren, MD, and D. Shouval, MD 


Jerusalem, Israel 


Hypercoagulability state and Budd-Chiari syndrome occurred after delivery. 


Aneurysm of the vein of Galen: A new cause for Ballantyne syndrome 1166 
Steven A. Ordorica, MD, Frances Marks, MD, Faith J. Frieden, MD, Iffath A. Hoskins, MD, and 

Bruce K. Young, MD 

New York, New York 


This is the first report of a case of Ballantyne syndrome in a patient whose fetus had an 
aneurysm of Galen’s vein. 
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For intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT. CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by F coli, Klebsiella species {including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
retigeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampiciltin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
in and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. w 
Gynecologic infections caused by Staphylococcus aureus* {including peniciitinase- and nonpenicil- 
cous epidermidis, Streptococcus species (excluding entero- 





linase-producing strains), St 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species {excluding B distasonis, 

& ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerabic cocci (including 
Peptococcus and Peptostreptococcus si ecis) 

intra-abdominal infections caused by E coli, Klebsiella species {including K pneumoniae’), Strepto- 
coccus species {excluding enterococci), and Bacteroides species (excluding 8 distasonis, B ovatus, 

B thetalotaomicron), 

Bone and joint infections caused by Staphylococcus aureus.” 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in-vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

OPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, an pecroitestna! surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

if there are signs and symptoms of infection, specimens tor culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 


CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics, 
WARNINGS 


Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had jous tivity reactions to ¢ in disodium, he gon al 
poarcs, or of is product should be given cautiously to penicillin-sensitive patients. 


reactions may require caper and other 


Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated, When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
patra pseudomembranous colitis produced by C difficile. Other causes should aiso be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. if superinfection 
does occur durin rapy, appropriate measures shouid be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a falt in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

‘ aay oo Should be used with caution in individuals with a history of gastrointestinal disease, par- 
icularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 

characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 

etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 

ingestion of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 

alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 

peal ene ’ 

DAUG/LABORATORY TEST INTERACTIONS: A faise positive reaction for glucose in urine may occur 

with Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine ood 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats, Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans} resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals, Affected celis included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methy!thiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlied studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used curing pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 

USE: Safety and effectiveness in children have not been established. 
OVERSE REACTIONS 


in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
perenne oh symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia {1 in 200), 
sitive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 


1 in 700). 
teen effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
feactions and transient thrombocytopenia have been reported. 

SAGE AND ADMINISTRATIO! , 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
ork every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 


>v 
m 














mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 
Type of Infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g at CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
40-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage" Every 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative organom 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose tor patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 ~ age) 


Males: ee 
ï 72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

_Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and gne har me usual recommended dose on the day of dialysis. 


HOW 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 ml vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
{NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mt vial (NDC 0038-0375-10). 


Manufactured for 
STUART PHARMACEUTICALS 


A business unit of ICI Americas inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 
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The amniotic fluid index in normal human pregnancy 
Thomas R. Moore, MD, and Jonathan E. Cayle, MD 
San Diego, California 





Amniotic fluid measurements in 791 normal pregnancies were used to define the range of the 
amniotic fluid index throughout normal gestation. 


Serum fructosamine and amniotic fluid insulin levels in patients with 1174 — 
gestational diabetes and healthy control subjects 

Hannes M. H. Hofmann, MD, Peter A. M. Weiss, MD, Peter Piirstner, MS, Josef Haas, MS, 
Guenther Gmoser, MD, Karl Tamussino, MD, and Barbara Schmon, PhD 

Graz, Austria 


Serum fructosamine differed significantly between gestational diabetic patients with 
hyperinsulinemic fetuses and those with normoinsulinemic fetuses. 


Magnesium tocolysis: Serum levels versus success 1177 
Charles Madden, MD, John Owen, MD, and John C. Hauth, MD 
Birmingham, Alabama 


There is no relationship between maternal serum magnesium levels and successful tocolysis. 


Cardiovascular response to maximal cycle exercise during pregnancy 1181 
and at two and seven months post partum 


Mina A. Sady, MA, Barbara B. Haydon, BSN, Stanley P. Sady, PhD, Marshall W. Carpenter, MD, 
Paul D. Thompson, MD, and Donald R. Coustan, MD 
Providence, Rhode Island 


The cardiovascular response to cycle exercise may not fully return to nonpregnant levels 
within 2 months post partum. 


Fetomaternal transfusion depends on amount of chorionic villi aspirated 1185 
but not on method of chorionic villus sampling 


Lee P. Shulman, MD, Carole M. Meyers, MD, Joe Leigh Simpson, MD, Richard N. Andersen, PhD, 
Elizabeth A. Tolley, PhD, and Sherman Elias, MD 
Memphis, Tennessee 


The magnitude of fetomaternal transfusion after chorionic villus sampling depends on the 
amount of villi obtained but not on the method (transabdominal versus transcervical). 


Benefits of placental biopsies for rapid karyotyping in the second and 1188 
third trimesters (late chorionic villus sampling) in high-risk pregnancies 

Wolfgang Holzgreve, MD, Peter Miny, MD, Bert Gerlach, MD, Andre Westendorp, MD, 

Dorothee Ahlert, PhD, and Jiirgen Horst, MD 

Munster, West Germany 


“Late” placental biopsies performed in 301 cases (20% aneuploidies) are the fastest method of 
karyotyping and are feasible, especially in pregnancies with abnormal amniotic fluid volumes. 


(Contents continued on page 10A) 
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Flow velocity waveforms in uterine and umbilical arteries during the 1193 
angiotensin li sensitivity test 

Risto U. Erkkola, MD, PhD, and Jouko P. Pirhonen, MD 

Turku, Finland 


The angiotensin I] sensitivity test induced a significant increase in the systolic/diastolic ratio 
in the artery flow velocity waveform without corresponding changes in the umbilical artery 
velocity waveform. 


The relationship between the umbilical artery systolic/diastolic ratio and 1198 
umbilical blood gas measurements in specimens obtained by 

cordocentesis 

Carl P. Weiner, MD 

Towa City, Iowa 


In potentially viable fetuses there is an inverse relationship between the umbilical artery 
systolic/diastolic ratio and the Poz in the umbilical vein. 


Abruptio placentae after percutaneous umbilical cord sampling: A case 1203 
report 

Leonard Feinkind, MD, Deepak Nanda, MD, Isaac Delke, MD, and Howard Minkoff, MD 

Brooklyn, New York 


As percutaneous umbilical sampling becomes more widespread, additional morbidity may be 
realized; reported here is a case of abruptio placentae after percutaneous umbilical sampling. 


Pregnancy hemoperitoneum and placenta percreta in a patient with 1205 
previous pelvic irradiation and ovarian failure 

Gabriella Pridjian, MD, Nancy E. Rich, MD, and Anthony G. Montag, MD 

Chicago and Hinsdale, Illinois 


Placenta percreta and hemoperitoneum associated with second-trimester incomplete abortion 
are described in a patient with previous pelvic irradiation and ovarian failure. 


The ferning test for detection of amniotic fluid contamination in umbilical 1207 
blood samples 
Andrew Chao, MD, James P. Herd, MD, and Khalil M. A. Tabsh, MD 


Los Angeles, California 


The ferning test is a simple, reliable means of detecting the presence of amniotic fluid in 
blood, with potential application to percutanious umbilical blood sampling. 


Is pH test paper as accurate as the electronic measurement of the pH of 1213 
vaginal secretions? 

Jessica L. Thomason, MD, Sheldon M. Gelbart, PhD, Lisa M. Monagle, RN, Janine A. James, MD, and 
Fredrick F. Broekhuizen, MD 

Milwaukee, Wisconsin 


Determination of abnormal pH (pH >4.5) of vaginal secretions by pH test paper was found 
to be reliable when compared with electronic measurement. 
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Continuation...an excellent indicator of patient satisfaction. 


The Ortho ALL-FLEX* 
Arcing Spring Diaphragm 


O Easy to insert and position 

o Easy to clean and maintain 

o Easy to use with unscented, colorless, stainless 
GYNOL II* (2% nonoxynol-9) Contraceptive Jelly 

o The combination for continuation—with 4 out 
of 5 patients continuing after 1 yeart 


Continuation...it's one reason why physicians continue 
to make ORTHO ALLFLEX and GYNOL II the #1 
prescribed diaphragm combination in America? 
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toxic shock syndrome (TSS) and wearing time. 
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Pharmacokinetics and pharmacodynamics of ritodrine after intramuscular 1215 
administration to pregnant women 


Steve N. Caritis, MD, Raman Venkataramanan, PhD, Margaret Cotroneo, RN, Marilyn Smith, RN, 
Jye Ping Chiao, MS, and Karen Habucky, BS, RPh 


Pittsburgh, Pennsylvania 


The pharmacokinetics and pharmacodynamics of ritodrine after intramuscular administration 
to pregnant women are described. 


Surrogate pregnancy: Clinical features of forty-four cases 1220 
Nancy E, Reame, RN, PhD, and Philip J. Parker, MD 
Ann Arbor and Detroit, Michigan 


Multiple perinatal risk factors, including low income, unmarried status, and smoking, were 
observed among a sample of paid surrogate mothers. 


Maternal indomethacin therapy in the treatment of polyhydramnios 1225 
Michael Mamopoulos, MD, Efstratios Assimakopoulos, MD, E. Albert Reece, MD, 

A. Andreou, MD, Xue-Zhong Zheng, MD, and Serge Mantalenakis, MD 

Thessaloniki, Greece, and New Haven, Connecticut 


Judicious use of indomethacin therapy can reduce excessive amniotic fluid volume without 
adverse effect on the fetus. 


Antenatal origin of neurologic damage in newborn infants. ll. Multiple 1230 
gestations 
Raul Bejar, MD, Gustavo Vigliocco, MD, Hector Gramajo, MD, Claudio Solana, MD, Kurt Benirschke, MD, 
Charles Berry, PhD, Ronald Coen, MD, and Robert Resnik, MD 


: San Diego, California 


< With echoencephalography, antenatal white matter necrosis was diagnosed in 13.8% of 101 


infants of multiple gestations; multiple placental anastomoses were the most important factors 
associated with antenatal necrosis of the cerbral white matter. 


Resolution of severe thrombocytopenia in a pregnant patient with 1237 


-rhesus-negative blood with autoimmune thrombycytopenic purpura after 


intravenous rhesus immune globulin 
Kenneth J. Moise, Jr., MD, Lorraine E. Cano, RN, BSN, and Debra J. Sala, RN, MSN 


Houston, Texas 


Intravenous rhesus immune globulin resulted in an elevation of the platelet count in an 
Rh-negative pregnant patient with autoimmune thrombocytopenic purpura. 
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Fetal intervention in obstructive uropathy: Prognostic indicators and 1239 
efficacy of intervention 

Timothy M. Crombleholme, MD, Michael R. Harrison, MD, Mitchell S. Golbus, MD, 

Michael T. Longaker, MD, Jacob C. Langer, MD, Peter W. Callen, MD, Robert L. Anderson, MD, 

Ruth B. Goldstein, MD, and Roy A. Filly, MD 

San Francisco, California 


Fetal urine electrolyte levels and ultrasonography appear helpful in predicting residual renal 
function and neonatal outcome, and prenatal decompression may prevent the development of 
fatal pulmonary hypoplasia. 


intrafetal prostaglandin F, administration for midtrimester pregnancy 1245 
termination: A case report 

Constantinos N. Christodoulou, MD, Ion-George Kotoulas, MD, Emmanuel B. Agapitos, MD, and 

Andreas K. Germanos, MD 

Athens, Greece 


An original route of prostaglandin administration for midtrimester pregnancy termination of a 
hydropic fetus with nuchal cystic hygroma and oligohydramnios is described. 


Femur length shortening in the detection of Down syndrome: Is prenatal 1247 
screening feasible? 

David A. Nyberg, MD, Robert G. Resta, MS, Durlin E. Hickok, MD, Kathryn A. Hollenbach, PhD, 

David A. Luthy, MD, and Barry S. Mahony, MD 

Seattle, Washington 


Ultrasonographic detection of femur length shortening is less effective for detecting Down 
syndrome than originally suggested. 


Early prenatal diagnosis of gastroschisis with transvaginal 1253 
ultrasonography 

Edwin R. Guzman, MD 

Staten Island, New York 


The earliest ultrasonographic detection of gastroschisis was accomplished at 123/77 weeks’ 
gestation with the transvaginal approach. 


Suppressive actions of a gonadotropin-releasing hormone antagonist on 1255 
luteinizing hormone, follicle-stimulating hormone, and prolactin release in 
estrogen-deficient postmenopausal women 

Randall J. Urban, MD, Spyros N. Pavlou, MD, Jean E. Rivier, MD, Wylie W. Vale, MD, 

Maria L. Dufau, MD, and Johannes D. Veldhuis, MD 

Charlottesville, Virginia, Nashville, Tennessee, San Diego, California, and 

Bethesda, Maryland 


The “Nal-Glu” gonadotropin-releasing hormone antagonist suppresses immunoactive and 
bioactive luteinizing hormone concentrations in estrogen-deficient postmenopausal women 
while only minimally suppressing immunoactive follicle-stimulating hormone and not affecting 
prolactin. 
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Because this year alone, 
150,000 women will be 
diagnosed as having 
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Measured menstrual blood loss in women with a bleeding disorder or 1261 
using oral anticoagulant therapy 

Marion A. van Eijkeren, MD, PhD, Godelieve C. M. L. Christiaens, MD, PhD, 

Ary A. Haspels, MD, PhD, and Jan J. Sixma, MD, PhD 

Utrecht, The Netherlands 


Both congenital or acquired bleeding disorders and oral anticoagulant therapy increase 
menstrual blood loss. 


Hysteroscopy and laparoscopy in women with menorrhagia 1264 
lan S. Fraser, MD 
Sydney, Australia 


A high incidence of pelvic pathologic conditions was found on hysteroscopic and laparoscopic 
studies of women with menorrhagia and a diagnosis of dysfunctional uterine bleeding. 


A new method for gaining entry into the scarred anterior cul-de-sac 1269 
during transvaginal hysterectomy 

Mitchel S. Hoffman, MD, and Michael Jaeger, MD 

Tampa, Florida 


A bent uterine sound placed into the anterior cul-de-sac facilitated safe performance of 
vaginal hysterectomy after multiple prior cesarean sections. 


Bilateral compartment syndrome after a long gynecologic operation in 1271 
the lithotomy position 

Lisa M. Adler, MD, Jacquelyn S. Loughlin, MD, Christopher J. Morin, MD, and 

Ray V. Haning, Jr., MD 

Providence, Rhode Island 


Compartment syndrome was a serious complication of prolonged lithotomy position. 


Treatment of cervical intraepithelial neoplasia: Experience with the 1272 
low-voltage diathermy loop 

Paul F. Whiteley, FRCS, FRCOG, and Karl S. Oláh, MB, ChB, MRCOG 

Banbury, Oxfordshire, England 


Experience with the low-voltage diathermy loop in the treatment of cervical intraepithelial 
neoplasia is described; this method of treatment is as effective as laser excisional techniques 
and should be considered as a viable treatment option. 


Interstitial radiotherapy for the treatment of advanced or recurrent vulvar 1278 
and distal vaginal malignancy 

Mitchel Hoffman, MD, Steven Greenberg, MD, Harvey Greenberg, MD, James V. Fiorica, MD, 

William S. Roberts, MD, James P. LaPolla, MD, Brian K. Noriega, MS, and Denis Cavanagh, MD 

Tampa, Florida 


Interstitial needles mainly combined with teletherapy for the treatment of locally advanced or 
recurrent vulvar and introital malignancy are highly effective but may also-produce high 
morbidity. 











J Contents 


Pneumatometra 
David Muram, MD, Helen T. Winer-Muram, MD, and Christine Gale, MD 
Memphis, Tennessee 


Colonization of the uterine cavity with gas-forming organisms and a concurrent cervical 
stenosis may cause significant gaseous distention of the endometrial cavity. 


Coexistence of mucinous cystadenoma of the ovary and ovarian 
sarcoidosis 

Alexander White, MB, Nicolaos Flaris, MD, David Elmer, MD, Raymond Lui, MD, 
and Barry L. Fanburg, MD 

Boston, Massachusetts 


A case of ovarian sarcoidosis with mucinous cystadenoma coexisting in the same ovary is 
presented and illustrates how coincidental systemic sarcoidosis may mimic metastatic spread 
of tumor. 


Gestational trophoblastic disease: What have we learned in the past 
decade? 

Walter B. Jones, MD 

New York, New York 


New knowledge about the biology of hydatidiform moles, new human chorionic gonadotropin 
assays, and new chemotherapy protocols developed during the past decade are reviewed. 








Characterization of norepinephrine sensitivity in the maternal splanchnic 
circulation during pregnancy 
M. Elizabeth Crandall, PhD, Tara M. Keve, BS, and Margaret K. McLaughlin, PhD 


Burlington, Vermont 


Pregnancy is associated with a reduced adrenergic responsiveness in the resistance arteries of 
the splanchnic circulation of the rat. 


Studies of hexokinase activity in human and mouse oocyte 

Osamu Tsutsumi, MD, Tetsu Yano, MD, Kazuo Satoh, MD, Masahiko Mizuno, MD, and 
Takahiko Kato, MD 

Tokyo, Japan 


Low activity of hexokinase suggests that oocytes depend on pyruvate instead of glucose as a 
-major energy source. 


Transplacental cardiovascular effects of four popular analgesics in rats 

Kazuo Momma, MD, and Atsuyoshi Takao, MD 

Tokyo, Japan 

Clinical doses of ibuprofen and indomethacin constricted the fetal ductus and caused fetal 
“cardiac failure in rats, whereas aspirin and acetaminophen constricted it only mildly. 
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THE PERMANENTE MEDICAL GROUP 





QUALITY 


STABILITY 
LEADERSHIP 
GROWTH 
SUPPORT 


REWARDS 


sig 
KAISER PERMANENTE 
Good People. Good Medicine. 


NORTHERN CALIFORNIA 


The Permanente Medical Group, the largest multispecialty group 
practice in the U.S., is undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, Sacramento and the 
Central Valley. Our rapid increase in membership has created 
practice opportunities throughout the region for additional BC/BE 


Obstetricians and Gynecologists. 


Our physician-managed group is part of the comprehensive Kaiser 
Permanente Medical Care Program. As a TPMG physician, you have 
access to the latest medical technology and resources, the support of 
colleagues in all subspecialties — and the opportunity to provide 
excellent health care without the burdens of managing a practice. 


Join us in one of these facilities: 


Santa Rosa — Opening new hospital 
featuring seven LDR’s. Ten OB/GYN 
physicians and five nurse practitioners. 
Specialties include infertility, colposcopy, 
laser surgery and hysteroscopy. Call 
required once every nine nights. In 
Northern California's wine country, one 
hour north of San Francisco. 


Santa Clara/Milpitas/Sunnyvale — 

28 member department includes 3 peri- 
natologists, GYN oncologist and repro- 
ductive endocrinologist. Ongoing clinical 
research. Our academic-oriented facility 
has an independent fully-accredited OB/ 
GYN residency and serves as a core 
rotation for Stanford Medical Students. 
Academic appointments possible. 


San Jose/Gilroy — Our 18 OB/GYN 
physicians average 3,000 deliveries per 
year and offer a full range of services 
including infertility, dysplasia and gyn- 
urology. On call approximately three 
nights per month. In-house Level II 
nursery; prenatal service shared with our 
nearby Santa Clara medical center. 
Satellite office in Gilroy. Located south of 
San Francisco and about one hour from 
the Monterey coast. The surrounding hills 
create a pleasant environment in which to 
live and work. 


Hayward/Fremont — Full range 

of OB/GYN services with Level III 
L&D/ICN, 3000 deliveries yearly. Full 
time staff includes perinatologist and 
four neonatologists. Medical center and 
associated medical office located on east 
shore of San Francisco Bay with easy 
access to entire Bay Area. 


Walnut Creek — Department of 15 
physicians, a perinatologist and seven 
nurse practitioners. Two physicians on 
call daily. Teaching responsibilities for 
third year residents affiliated with the 
University of California at San Francisco. 
Clinical appointments at UCSF also 
available. Expansion plans include a 
large ICN, and within five years, a 
completely new hospital. 


Martinez/Antioch — Southern California 
climate, Northern California charm, Bay 
Area location. Primarily in/outpatient 
GYN, outpatient OB. Seven physicians and 
four nurse practitioners in office and 
hospital practice. Deliver at the Walnut 
Creek Medical Center. High-risk preg- 
nancy clinic at Martinez. Labor room call 
once or twice a month. 


Vallejo/Fairfield/Napa— Seventeen 
physicians and four nurse practitioners at 
these facilities. Approximately 2,900 deliv- 
eries performed each year at the Vallejo 
medical center, Usual call is every eighth 
night. Affiliated with David Grant Medical 
Center residency program at Travis Air 
Force Base. Our area offers diverse lifestyle 
options, with both recreational and cultural 
attractions nearby. 


San Rafael/Petaluma — OB/GYN services 
are available at both the San Rafael Medical 
Center and the new Petaluma medical offices, 
which opened in January of 1989. 


South Sacramento — Eight physicians 
and four nurse practitioners serve 104,000 
members in fast-growing Central Valley 
area. Planning new family-oriented 

L&D facilities. 


TPMG offers many benefits: scheduled time off with cross-coverage provided by your 
colleagues, continuing education, malpractice insurance, a substantial retirement 
program and special arrangements for physicians transferring from established practice. 
For complete information, call or send CV to: The Permanente Medical Group, Inc., 
Richmond Prescott, M.D., Physician Recruitment Services, Dept. AJOG-8346, 

1814 Franklin, 4th Floor, Oakland, CA 94612. (800) 777-4912. EOE 
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- Immunocytochemical localization and messenger ribonucleic acid 


-concentrations for human placental lactogen in amnion, chorion, decidua, 


and placenta 
; Vannara Sakbun, Shujath M. Ali, PhD, Yee A. Lee, MD, Catherine S. Jara, and 
_ Gillian D. Bryant-Greenwood, PhD 

‘Honolulu, Hawaii, and Boston, Massachusetts 
Immunohistochemistry and northern analyses showed the extravillous chorionic 


. eytotrophoblast and the placental basal plate to be a minor, additional source of human 
placental lactogen, the major classic source being the syncytiotrophoblast. 


Reduction of postoperative adhesions in the rat uterine horn model with 


poloxamer 407 
Richard E. Leach, MD, and Raymond L. Henry, PhD 
Royal Oak and Detroit, Michigan 


Poloxamer 407 gel used as a tissue barrier in a rat uterine horn model significantly reduced 


postoperative adhesion formation. 


Pregnancy does not alter lidocaine toxicity 

Hisayo O. Morishima, MD, PhD, Mieczyslaw Finster, MD, G. Richard Arthur, PhD, and 
Benjamin G. Covino, PhD, MD 

New York, New York, and Boston, Massachusetts 


-Lidocaine cardiotoxicity in sheep is not enhanced by pregnancy. 


Intrauterine asphyxia and the breakdown of physiologic circulatory 
compensation in fetal sheep 

-Barry S. Block, MD, Donald H. Schlafer, DVM, PhD, Richard A. Wentworth, PhD, 
Lois A. Kreitzer, MS, and Peter W. Nathanielsz, MD, PhD 

Chicago, Illinois, and Ithaca, New York 


Fetal circulatory compensation is present despite hypoxemia with severe acidemia. 


The development of hydrops fetalis in the ovine fetus after lymphatic 
ligation or lymphatic excision 

Robert L. Andres, MD, and Robert A. Brace, PhD 

La Jolla, California 


Ligation of the left thoracic, cervical, and brachiocephalic lymph ducts produced gross 
hydropic changes in one of 11 ovine fetuses, whereas excision of these vessels produced 
hydrops in five of five fetuses. 
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Consensus Development Meeting: Metabolic aspects of oral 1335 
contraceptives of relevance for cardiovascular diseases 
Sven O. Skouby, MD 


Copenhagen, Denmark 























Interferon gamma and depressed cellular immune response Lothar C. Fuith, MD, Dietmar Fuchs, PhD, and 
Helmut Wachter, PhD, Hon DSc Innsbruck, Austria 1338 


Thrombopyrophylaxis during pregnancy Margareta Hellgren, MD, Lennart Hahn, MD, and Thomas Dahlman, MD 
Mölndal, Gothenburg, and Stockholm, Sweden 1338 


Fructosamine assay as screening test for gestational diabetes Harvey W. Kaufman, MD Boston Massachusetts 
1339 


Reply Ronald Comtois, MD, and France Desjarlais, MSc Montreal, Quebec, Canada 1340 
Luteinizing hormone and ovulation timing Donald L. Cline, MD Indianapolis, Indiana 1341 


Corticosteroid treatment of pregnant women with antiphospholipid antibodies and previous fetal loss 
Wilhelm F. Lubbe, MD, FRACP, FACC, and Neil S. Pattison, MB ChB, MRCOG Auckland, New Zealand 1341 


Reply Michael D. Lockshin, MD, and Maurice L. Druzin, MD Bethesda, Maryland, and New York, New York 1342 
The Zavanelli maneuver Essam S. Dimitry, MD London, England 1343 


Modified cytoscopy to evaluate unilateral traumatic injury of the ureter during pelvic surgery 
Bao-Liang Lin, MD, and Yoshiyuki Iwata, MD Kanagawaken, Japan 1343 


Hydramnios in the third trimester of pregnancy: A change in the distribution of accompanying fetal 
anomalies as a result of early ultrasonographic prenatal diagnosis A. Ben-Chetrit, MD, 
D. Hochner-Celnikier, MD, M. Ron, MD, and S. Yagel, MD Jerusalem, Israel 1344 


Hormonal contraception in the postmolar interval Basil Ho Yuen, FRCS(C), and Patti Burch Callegari, RN 
Vancouver, British Columbia, Canada 1345 


Angiographic embolization Linda J. Heffner, MD, PhD Boston, Massachusetts 1345 
Reply Homer Chin, MD San Diego, California 1346 


Biparietal diameter/femur length ratio as predictor of trisomy 21 Jerome N Kopelman, MD, and 
Kunio Miyazawa, MD Tacoma, Washington, and Tripler AMC, Hawaii 1346 


Does maternal genital herpes infection influence fetal gender? James A. McGregor, MDCM, and 
Marilyn Leff, MSPH Denver, Colorado 1346 


Colposcopy and computer graphics Helmut E. Fegerl, MD Linz, Austria 1347 


A modification of operative laparoscopic technique to permit removal of an ectopic pregnancy without 
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Easy on your patient 


Minimal breakthrough bleeding and 
amenorrhea* with TRIPHASIL’ have been 
confirmed in a study of over 4,000 women with 
70,000 cycles. The total incidence of BTB was 
4.5% with a dropout rate of only 1.1%.! The 
total incidence of amenorrhea was 1% 
with a dropout rate of only 0.3%.! 


And since your own experience may 
confirm the results of a recent survey, 
which showed that the majority (65%) 
of women with BTB or amenorrhea 
call their doctors, you'll find that 
this enviable record makes 
TRIPHASIL easy on your 
patience, too. 





Levonorgestrel and #7 ethinyl estradiol tablets—Triphasic regimen 
21- and 28-day regimens 


MINIMIZES 
BREAKTHROUGH BLEEDING 
AND AMENORRHEA 


*Serious as well as minor adverse reactions have been reported 
following the use of all oral contraceptives. 

See prescribing information. 
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Lesuourgesttel and Jf ettan estradiol lablets.finphasic negunen 
Zi: and 28-day segners 


MINIMIZES BREAKTHROUGH BLEEDING 
AND AMENORRHEA 


IN BRIEF: 
TRIPHASIL” — 6 brown tablets cle 0.050 mg levonorgestrel with 0.030 mg ethinyl estradiol; 5 white tablets 
containing 0.075 mg levonorgestrel with 0.040 mg ethinyl estradiol, 10 fight-yellow tablets containing 0.125 mg 
levonorgestrel with 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in the 
28-day regimen) — Triphasic regimen 

Indications and Usage— TAPHASIL* is indicated for the prevention of pregnancy in women who elect to use oral 
contraceptives (OC's) as a method of contraception, 

Contraindications — OC's should not be used in women with any of the following conditions: 1. Thrombophiebitis or 
thromboembolic disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral- 
vascular or Coronary-artery disease. 4, Known or suspected carcinoma of the breast. 5. Known or suspected estrogen- 
dependent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 
8. Benign of malignant fiver tumor which developed during use of OC's or other estrogen-containing products. 
Wamings 
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is quite marked in women over 35 years of age. who usa orai contraceptives shouid be 
Strongly advised not to smoke. 


The use of oral contraceptives is associated with increased risk of several serious conditions, including thrombo- 
embolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners pre- 
scribing oral contraceptives should be familiar with the following information relating to these risks. 


1, Thromboembolic Disorders and Other Vascular Problems — An increased risk of thromboembolic and thrombotic 
disease associated with use of OC's is weil established. Three principal studies in Great Britain and 3 in the US. 
have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 

CEREBROVASCULAR DISORDERS — in a collaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION {Ml} -- An increased risk ot Mi associated with the use of OC's has been reported, con- 
firming 2 previously suspected association. These studies, conducted in the UK, found. as expected, that the greater 


Cigarette smoking 
use. This risk increases with age and with 








the number of underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, 


obesity, diabetes, history of pre-eciamptic toxemia} the higher the risk of developing MI, regardiess of whether 

the patient was an OC user or not. OC's, however, were found to be a clear additional risk factor. In terms of relativo 
risk, it has been estimated that OC users who do not smoke (smoking is considered a major predisposing condition 
to MI} are about twice as likely to have a fatal Mi as nonusers who do not smoke. OC users who are also smokers 
have about a 5-fold increased risk of fatal Mi compared to users who do not smoke, but about a 10- to 12-fold 
increased risk Compared to nonusers who do not smoke. Furthermore, amount of smoking is also an important factor. 
in determining importance of these relative risks, however, baseline rates for various age groups must be given serious 
Consideration. importance of other predisposing conditions mentioned above in determining relative and absolute 

risks has not as yet been quantified: quite likely the same synergistic action exists, but perhaps to a lesser extent 
RISK OF DOSE — In an analysis of data derived from several national adverse-reaction reporting systems, British 
investigators Concluded that risk of thromboembolism, including coronary thrombosis. is directly related to dose of 
estrogen in OC's. Preparations contaimng 100 meg or more o! OSU were SEO aS with higher risk of 
thromboembolism than those containing 50-80 mcg. Their analysis did suggest, however, that quantity of estrogen may 
not be the sole factor involved. This finding has been contirmed in the U.S. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES — A large prospective study carried out in the 
UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for users and 
nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually from 
circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34 —5/100,000; ages 35-44 — 33/ 
100,000; ages 45-49 140/100,000), risk being concentrated in older women, in those with tong duration of use and 
in Cigarette smokers. It was not possible, however, to examine interrelationships of age. smoking. and duration of use, 
nor to Compare effects of continuous vs. intermittent use. Although the study showed a 10-fold increase in death due 
to circulatory diseases in users for 5 or more years, all these deaths occurred in women 35 or older. Until larger 
numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to assess 
magnitude of relative tisk for this younger group. Available data from a variety of Sources have been analyzed to 
estimate tisk of death associated with various methods of contraception. Estimates of risk of death for each method 
include combined risk of contraceptive method {e.g., thromboembolic and thrombotic disease in the case of OC's} plus 
risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effectiveness of method. 
The study concluded that mortality associated with alt methods of birth control is low and below that associated with 
childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is associated with condom or 
diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease associated with OC's 
increases with age after about 30 and, for Mi, is further increased by hypertension, hypercholesterolemia, obesity, 
diabetes. or history of pre-eclamptic toxemia, and especially cigarette smoking. Physician and patient shouid be alert 
to earliest manifestations of thromboembolic and thrombotic disorders (e.9.. thrombophiebitis, pulmonary embolism, 
cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric thrombosis). Should any of these 
occur or be suspected, the drug shouid be discontinued immediately. A 4- to 6-fold increased risk of postsurgery 
thromboembolic complications has been reported in OC users. 1 feasible, OC's should be discontinued at least 4 
weeks before surgery of a type associated with increased risk of thromboembolism or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS — Findings trom one study in Britain involving cerebrovascular 
disease and another in the U.S. concerning MI suggest an increased risk of these conditions in users of OC's persists 
after discontinuation of the OC's. In the British study, risk of cerebrovascular disease remained elevated in former OC 
users for at least 6 years after discontinuation, in the U.S. study increased risk of Mi persisted for at least 9 years in 
women 40 to 49 years oid who had used OC's for 5 or more years. Findings in both studies require confirmation since 
they are inconsistent with other published information. 

2. Ocular Lesions — There have been reports of neuro-ocuiar lesions such as optic neuritis or retinal thrombosis 
associated with use of OC's. Discontinue OC’s if there is unexplained, sudden or gradual, partial or complete loss of 
vision; onset of proptosis or diplopia; papiliedema; or retinal-vascular lesions, and institute appropriate diagnostic and 
therapeutic measures. 

3. Carcinoma — Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none currently 
contained in OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in dogs. in 
humans, 3 case-control studies have reported an increased tisk of endometrial carcinoma associated with prolonged 
use of exogenous estrogen in postmenopausal women. One publication reported on the first 21 cases submitted by 
physicians to a registry of cases ot adenocarcinoma of the endometrium in women under 40 on OC's. Of cases found 
in women without predisposing risk factors {e.g.. irregular bleeding at the time OC's were first given, polycystic 
Ovaries}, nearly all occurred in women who used a sequential OC. These are no longer marketed. No evidence has 
been reported suggesting increased risk of endometrial cancer in users of conventional Combination or progestogen- 
hotre wte 0 nog no overal measta ASK of feet Canoe! women on ica anaes eh 
however, while aiso noting no overall increased risk of breast cancer in women s, found an excess risk in 
subgroups of OC users with documented benign breast disease. Reduced occurrence of benign breast tumors in users 
of OC's has been well documented. tr swears tere eu previ tn cordoned elena tom tine eae of 
a 4h Cases  ckighaaee a a ore a wets Cowen 
essential, in all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic mea- 
sures should be taken to rule out malignancy Women with a strong family history of breast cancer or with breast nodules, 
fibrocystic disease, or abnormal mammograms should be monitored with particular care if they elect to use OC's. 

4, Hepatic Tumors— Benign hepatic adenomas have been found to be associated with use of OC's. One study showed 
that OC's with high hormonal potency were associated with higher risk than lower patency OC's. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal . This has been reported in 
short-term as well as long-term users. Iwo studies relate risk with duration of use of 's, the risk being much greater 
after 4 or more years’ use. While hepatic adenoma is rare, it should be considered in women presenting abdominal pain 
and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women on 
OC's. Relationship of these drugs to this type of malignancy is not known. 

B se i or kemediatey Preceding Pregnancy. Bith Defects in Asprin and Malignancy ir Female OTi — Use of 
female sex hormones — both estrogenic and progestational rb harp fein inl rp sanius y Carnage the 
offspring. it has been shown that females exposed in utero to diethyistibestrol, a nonsteroidal estrogen, have 

increased risk of developing in later life a form of vaginal or cefvical cancer ordinarily extremely rare. This risk has been 
estimated to be of the order of 1 in 1.000 exposures or less. Although there is no evidence now that OC's further 
enhance risk of developing this type of malignancy, such patients should be monitored with particular care if they elect 
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to use OC's. Furthermore, 30 to 90% of such exposed women have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not known whether this condition is a 
precursor of vaginal malignancy Male children so exposed may develop abnormalities of the urogenital tract. Although 
Similar data are not available with use of other estrogens. it cannot be presumed they would not induce similar 
Changes. An increased risk of congenital anomalies. including heart defects and limb defects, has been reported with 
use of sex hormones. including OC's, in pregnancy One case-control study estimated a 4.7-fold increase in risk of 
fimb-reduction detects in infants exposed in utero to sex hormones (OC's. hormonal withdrawal tests for pregnancy, or 
attempted treatment for threatened abortion). Some exposures involved only a few days. Data suggest that risk of 
limb-reduction detects in exposed fetuses is Somewhat less than 1 in 1 000 live births. in the past, female sex 
hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion, There is 
considerable evidence that estrogens are ineffective for these indications, and there is no evidence from well- 
controlled studies that progestogens are effective. There is some evidence that triploidy and possibly other types of 
polyploidy are increased among abortuses from women who become pregnant soon after ceasing OC's. Embryos with 
these anomalies are virtually always aborted spontaneously. Whether there is an overall increase in spontaneous 
abortion of pregnancies conceived soon after stopping OC's is unknown. It is recommended that, for any patient who 
has missed 2 consecutive periods, pregnancy should be ruled out before continuing OC's. If the patient has not 
adhered to the prescribed schedule, the possibility of pregnancy should be considered at time of first missed period, 
and further use of OC's should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient 
Should be apprised of the potential risks to the fetus, and advisability of continuation of the pregnancy should be 
discussed. it is also recommended that women who discontinue OC's with intent of becoming pregnant use an 
alternate form of contraception for a period of time before attempting to conceive. Many clinicians recommend 3 
months, although no precise information is available on which to base this. The administration of progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy 
6. Gallbladder Disease — Studies report increased risk of surgically confirmed galibiadder disease in users of OC's and 
estrogens. in one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ use. In one of the 
other Studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects — Decrease in glucose tolerance has been observed in a signiticant 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients shouid be carefully observed while on 
OC's. increases in trigiycerides and total ipids have been observed in patients on OC's. Three studies were 
performed with Triphasi! and no significant alterations in lipid metabolism were noted except for a slight increase in 
triglyceride levels in 1 study Clinical significance of these findings remains to be defined. 
8. Elevated Blood Pressure — increase in biood pressure has been reported in patients on OC's. in some women, 
hypertension may occur within a few months of beginning OC's. in the 1st year of use, prevalence of women with 
hypertension is low in users and may be no higher than that of a comparable group of nonusers. Prevalence in users 
increases, however, with longer exposure, and in the Sth year of use is 2% to 3 times the reported prevalence in the 
ist year Age is also strongly correlated with development of in OC users. Women who previously have 
had hypertension during pregnancy may be more likely to develop elevation of blood pressure on OC's. Hypertension 
that develops as a result of taking OC's usually retums to normal after discontinuing the drug. 
9. Headache — Onset or exacerbation of migraine or development of headache of a new pattem which is recurrent, 
persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding inreguianties — Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for patients 
discontinuing OC's. in breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunctional causes should 
be bome in mind. in undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic 
measures are indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to another 
OC may soive the problem. ing to an OC with a higher estrogen content, while potentially useful in minimizing 
menstrual irregularity, should be only if necessary since this may increase risk of thromboembolic disease. 
Women with past history of oligomenorthea or secondary amenorrhea o young women without regular cycles may have 
a tendency 1 remain arondatory orto become amenortlee alter disconiinung OCs Women with these preexisting 
problems should be advised of this possibility and encouraged to use other methods, Post-use anovulation, possibly 
prolonged, may also occur in women without previous irregularities, 
11. Ectopic Pregnancy — Ectopic as well as intrauterine pregnancy may occur in contraceptive failures, 
12. Breast-feeding — OC's given in the postpartum period may interfere with lactation and decrease quantity and quality 
of breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the milk of mothers on 
OC's; effects. if any, on the breast-fed child have not been determined. it feasible, defer OC's until infant has been weaned. 
Precautions — GENERAL — 1. A complete medical and family history should be taken prior to initiation of OC's. 
Pretreatment and periodic physical examinations should include special reference to blood pressure. breasts, abdomen 
and pelvic organs, including Pap smear and relevant laboratory tests. As a general rule OC's should not be prescribed 
for longer than 1 year without another physical examination and Pap smear. 2. Under influence of estrogen-progestagen 
preparations, preexisting uterine leiomyomata may increase in size. 3. Patients with history of psychic depression 
should be carefully observed and the drug discontinued if depression recurs to a serious degree, Patients becoming 
significantly depressed while on OC's should stop OC's and use an alternate method to try to determine whether the 
symptom is drug-related. 4. OC's may cause some degree of fluid retention. They should De prescribed with caution, 
and only with careful monitoring, in patients with conditions which might be aggravated by fluid retention, such as 
convulsive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency, 5. Patients with a past history of 
Jaundice during pregnancy have an increased risk of recurrence while on OC's. If jaundice develops, OC's should be 
discontinued. 6. Steroid hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution. 7. OC users may have disturbances in normal tryptophan metabolism which may result in a 
relative pyridoxine deficiency Clinical significance is undetermined. 8. Serum folate tevels may be depressed by 
OC's. Since the pregant waman is predisposed to development of fate deficiency and inden fate tency 
increases with increasing gestation, it is possible that if a woman becomes pregnant shortly after st aia 
may have a greater chance of developing late deficiency and compications atetouted t ths deiclerey 
T A te sive’ of Oc meray E spose we cement iC Crt ain ee: oe 
{iver-tunction tests and blood components may be affected by estrogen-cont taining OC's. a. Increased sulfobromophthalein 
retention. b. creased protrombin an factors Vi, Vl, and X° dcrease antithrombin increased 
induced platelet ility c. Increased thyroid-binding globulin (TBG) leading to increased circul total-thyroid 
hormone, as measured by protein-bound iodine (PBI), 14 by column, or T4 by radioimmunoassay. Free T3 resin uptake 
is decreased, reflecting the elevated TBG: free T4 concentration is unaltered. d. Decreased pregnanediol excretion. 
e. Reduced response to metyrapone test 
information for the Patient — See Patient Package Labeling. 
Drug interactions — Reduced efficacy and increased incidence of breakthrough bleeding have been associated with 
concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin 
sodium, ampicillin and tetracycline. 
Carcinogenesis — See Wamings section for information on carcinogenesis. 
Pregnancy — Category X. See Contraindications, Wamings. 
Nursing Mothers — See Wamings. 
Adverse Reactions — An increased risk of these serious adverse reactions has been associated with use of OC's 
{see Warnings): thrombophiebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, 
hypertension, gallbladder disease, benign hepatomas, congenital anomalies. There is evidence of an association 
between the following conditions and use of OC's although additional confirmatory studies are needed: mesenteric 
thrombosis, neuro-ocular lesions, e.g... retinal thrombosis and optic neuritis, 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-related. Nausea 
and/or vomiting, usually the most Common adverse reactions, occur in approximately 10 percent of less of patients 
during the first cycle. Other reactions, as a general rule, are seen much less frequently or only occasionally. 
Gastrointestinal symptoms (such as abdominal cramps and bloating), breakthrough bleeding, spotting, change in 
monstr Bowe dyomenarhea, amonarthoa daing and after treanmert. tomporaiy ce after discontinuance of 
treatment: edema; chioasma or melasma which may persist; breast changes: tendemess, enlargement, and secretion; 
change in weight (increase or decrease}, change in cervical erosion and cervical secretion: possible diminution in 
lactation when given immediately postpartum, cholestatic jaundice; migraine: increase in size of uterine ieiomyomata; 
rash (allergic): mental depression, reduced tolerance to carbohydrates; vaginal candidiasis; change in comeal curvature 
{steepening), intolerance to contact lenses. The following adverse reactions have been reported in users of OC's, and 
the association has been neither confirmed nor refuted: premenstrual-tike syndrome. cataracts, changes in libido, 
chorea, changes in appetite, cysts tke syndrome, headache, nervousness. dizziness. hirsutism. loss of scalp ai, 
erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 
Acute Overdoss— Serious ili effects have not been reported 
tollowing acute ingestion of large doses of OC's by young 
Children. Overdosage may cause nausea, and withdrawal 
bleeding may occur in females. 
Dosage and Administration — For maximum contraceptive 
effectiveness, Tiphasii must be taken exactly as directed 
and at intervals not over 24 hours. (tf Triphasil is first taken 
fater than first day of first menstrual cycie of medication or 
postpartum, contraceptive reliance shauid not be placed on it 
until after the first 7 consecutive days of use. Possibility 
of ovulation and conception prior to initiation of medication 
should be considered} 
Se eau nin ce ee een 
tablets, she should also use another contraceptive method 
until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing 
pais eae ices 
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should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. If a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 


Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 
sequence after the references. Titles should be included in 
the legend, not on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. ` 

Computer-generated illustrations. Black-and-white il- 
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or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
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smooth and complete. The legend for the illustration 
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plotter prints are to be submitted unmounted with the 
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inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
‘illustrations are- acceptable, but. special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
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reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that: have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections ' 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 
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Correspondence. Letters to the Editors must be submitted 
in duplicate, typed double-spaced, and the text of the manu- 
script must be limited to a maximum of 400 words [ex- 
cluding references, name(s) and address(es) of the sign- 
er(s), and the phrase “To the Editors”]. The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all co-signers.” These re- 


quirements apply to all types of Letters to the Editors. 


Letters should be sent to Dr. Zuspan. 

Two types of correspondence will be considered for pub- 
lication. (1) A Letter to the Editors commenting on an 
article that has appeared in the JOURNAL should be brief 
and directly related to the published article. The editorial 
staff reserves the right to shorten letters if necessary-and to 
make minor editorial alterations without reference to the 
writer. Letters may be published together with a reply from 
the original author. If the original author does not respond, 
a notation indicating “Response declined” will be pub- 
lished. As space for letters is limited, only a selection of 
letters submitted may be published. (2) A brief case pre- 
sentation or a short report of a pertinent observation in the 
form of a Letter to the Editors will be considered for pub- 
lication. , 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, Mosby-Year Book, 
Inc., 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby-Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (314) 872-8370. 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

——The origina] and two copies of the manuscript are sub- 
mitted. 

—The appropriate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
manuscript. 

—Three sets of unmounted glossy photographic prints are 
submitted, properly numbered and labeled on the back of 
each print. 

—Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

—Human experimentation has been approved by the local 
institution as stated in the Methods section. 

—Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 

— The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed double-spaced 
on bond paper with l-inch margins at top, bottom, and 
sides. 

—AlIl pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any co-authors that might pose a conflict of interest is 
described. 


Previous publications 
—Enclosed with the submitted manuscript are two reprints 
each of articles the author or co-authors have previously 
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published or have in manuscript form dealing with same 
patients, same animals, same laboratory experiment, or 
same data, in part or in full, as those reported in the 
submitted manuscript. Further explanation is provided in 
the covering letter that accompanies the submitted 
manuscript. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title 

— Author(s) name(s) and highest academic degree(s) 

—City(ies), state(s), and country other than U.S. in which 
the study was conducted are given 

— The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the author(s) institutional affiliation at the time 
of the study is indicated 

—Acknowledgment of financial support is cited 

—Name, address, and business and home telephone num- 
bers of author to whom requests for reprints are to be sent 

—Reprints will not be available. This has been stated on the 
title page 

—Since the corresponding author is different from the au- 
thor to whom reprint requests are to be sent, his/her 
name, address, and business and home telephone num- 
bers have been added 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been 
typed 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract 

—tThe abstract is typed double-spaced with required mar- 
gins (on page 3) headed by the title and the author(s) 
name, not exceeding 150 words. For case reports and 
brief communications the limit of 50 words is not ex- 
ceeded. 

—tThree to five key words or short phrases are placed be- 
neath the abstract on page 3. 


Tables 

—Each table headed by a caption and numbered in Roman 
numerals is typed double-spaced on a separate page. 

—Tables are cited in sequence in the text. 


Figures 

—Are numbered in Arabic numerals and are cited in nu- 
merical sequence in the text. 

—Original transparencies of color photographs appropri- 
ately numbered and identified are submitted along with 
two sets of unmounted prints on glossy paper, numbered 
and identified on the back. i 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 


—tThe format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors were followed. 

—Abstracts, personal communications, and unpublished 
work are not used as numbered references but are men- 
tioned in the text with the written approval of the person 
being quoted and the signed approval is enclosed. 
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Clinical Opinion 


Scientific advances, societal trends, and the education and 


practice of obstetrician-gynecologists 


J. Robert Willson, MD 
Albuquerque, New Mexico 


Specialization in medicine in the United States began in Colonial America and expanded rapidly, spurred 
by increasing scientific information and advancing technology. By 1972, when the American Board of 
Obstetrics and Gynecology instituted subspecialty divisions, it had become impossible for the general 
obstetrician-gynecologist to remain competent in all areas of our specialty. Changes we can anticipate are 
a decreasing need for operations and hospital care coupled with increasing emphasis on primary health 
care for women. Most of our resident education programs have not yet reflected the need to begin to 
prepare obstetrician-gynecologists for a role that will be quite different from their present one. (Am J 
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Although specialization in medicine had already oc- 
curred in Great Britain and Europe, most physicians 
in Colonial America were general practitioners. In 1765 
John Morgan, one of the founders of the School of 
Medicine in the College of Philadelphia, later the Uni- 
versity of Pennsylvania, announced that he intended to 
limit himself to the practice of physic (internal medi- 
cine) and suggested that if medicine were divided into 
different branches “. . . the knowledge of medicine will 
be then daily improved, and it may be practiced with 
greater accuracy and skill.”' By 1886 specialization had 
advanced to a point at which William Brodie, the Pres- 
ident of the American Medical Association, commented 
that interest in limiting practice was increasing because 
physicians had begun to realize that they could work 
less hard, earn more money, and do more good as 
specialists than as general practitioners. 

At this time surgery was expanding rapidly and a 
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bitter rivalry developed between surgeons who did gy- 
necologic operations and obstetricians. The surgeons 
wanted to relegate the role of obstetricians to that of 
midwives and in some instances were able to prevent 
their doing anything except normal deliveries. In 1920 
Peterson criticized this attitude, strongly recommend- 
ing combined departments.’ As a result of his efforts, 
and those of others influential in the specialty, depart- 
mental unification progressed. By 1959 only three 
schools, Harvard University, Johns Hopkins University, 
and the University of Oklahoma, still had divided de- 
partments. Harvard combined theirs in 1959, Johns 
Hopkins in 1960, and Oklahoma in 1961. 

Specialization in all fields of medicine was inevitable, 
but the expansion occurred in an informal manner. 
The establishment of the American Board of Obstetrics 
and Gynecology in 1930 and the Residency Review 
Committee later provided the structure needed to 
improve both education and practice in obstetrics- 
gynecology. At that time graduates of well-designed 
residencies were able to provide a broad range of ser- 
vices, but their abilities were limited by the lack of gen- 
eral scientific information. 

The rapid expansion of both knowledge and tech- 
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nology after World War I permitted us to understand 
many medical problems that had been mysteries before 
and to treat conditions for which previously there 
had been no relief. Because the general obstetrician- 
gynecologist could no longer either become or remain 
competent in all the new phases of our specialty, the 
American Board of Obstetrics and Gynecology devel- 
oped criteria for certification as subspecialists in gy- 
necologic oncology, maternal-fetal medicine, and re- 
productive endocrinology and infertility in 1972. 

A principal reason for developing subspecialty pro- 
grams was to improve teaching and patient care and 
expand research capabilities by providing medical 
school faculty members in the specialized areas. In 1987 
Merrill? surveyed 113 departmental chairmen and 599 
former fellows: 61% of those in maternal-fetal medi- 
cine, 62% in reproductive endocrinology and infertility, 
and 59% in oncology were medical school faculty 
members. 

A survey by Zuspan and Sachs’ confirmed the opin- 
ion that fellowships have aided in advancing obstetrics- 
gynecology, but not everyone was, in agreement. An 
important undesirable effect of subspecialization is that 
it tends to fragment departments. Sixty-nine percent 
of the respondents to the Zuspan-Sachs survey agreed 
that this is happening. Each subspecialty can develop 
into a small self-sufficient unit with more interest in 
maintaining its own existence than in the welfare of 
the department. This is a concern for not only individ- 
ual departments of obstetrics-gynecology but also the 
future of our specialty. The demise of obstetrics- 
gynecology as we know it could occur if perinatologists 
banded together with neonatologists and reproductive 
endocrinologists with medical endocrinologists to form 
research and practice teams and if gynecologic oncol- 
ogists and gynecologic surgeons assume responsibility 
for major gynecologic surgery. There would no longer 
be a need for broad-based departments. 


Gynecologic surgery 

Except for the occasional removal of ovarian tumors, 
the earliest gynecologic surgical procedures were those 
designed to repair chronic childbirth injuries. Improve- 
ments in surgical techniques, the ability to prevent and 
treat infections, advances in anesthesia and fluid ther- 
apy, and an increased understanding of the effects of 
surgery on physiologic functions now permit us to per- 
form major abdominal and vaginal procedures with 
reasonable safety. With this came an expansion of sur- 
gery to a point at which we are criticized for extending 
our indications inappropriately. 

In 1970, 2.841 million obstetric-gynecologic opera- 
tions were peformed in the United States. This rep- 
resented 23% of all operations. By 1979 this had in- 
creased to 4.339 million, 26% of the total. The 1979 
peak was followed by a decrease in both numbers and 
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percentage of all operations. The decreased number of 
gynecologic operations was overshadowed by the in- 
crease in cesarean sections. The most common major 
operations between 1979 and 1984 are listed in Table 
I. The only operative procedures that increased were 
those to correct infertility, undoubtedly because of the 
increased number of subspecialists trained in infertility 
surgery. h 

In 1950 I recommended that we expand the use of 
hysterectomy and decrease radiation castration for 
the control of excessive perimenopausal bleeding. The 
discussants of the presentation decried this radical 
proposal, but only one was foresighted enough to 
suggest that we might someday be able to regulate 
bleeding by improved hormone therapy. As hysterec- 
tomy became safer the indications expanded to include 
sterilization, minimal uterine enlargement caused by 
leiomyomas, abdominopelvic pain, the pelvic conges- 
tion syndrome, and even hysterectomy in response to 
patients’ wishes. ` 

A significant factor in reducing the number of op- 
erations was improved surveillance. Between 1964 and 
197] the annual number of hysterectomies in Saskatch- 
ewan increased by 72%, whereas the number of women 
over age 15 years increased by only 7.6%. After a list 
of acceptable indications for the operation was com- 
piled and applied, the number of hysterectomies in the 
hospitals studied decreased significantly between 1971 
and 1975.7 Another controlling factor is the expansion 
of prepaid health plans in which the emphasis is on 
avoiding surgery. ` 

We all know that many of the hysterectomies per- 
formed in this country could be avoided. The hyster- 
ectomy ratio in New England in 1982 was 540/100,000 
population; this was compared with 220 for National 
Health Service patients in Great Britain and 118 in 
Norway. Similar differences occurred in rates for cho- 
lecystectomy and tonsillectomy, but the rates for ap- 
pendectomy were similar in all areas.* Unfortunately, 
physicians who are taught to operate and expect sur- 
gery to represent significant amounts of their practices 
will find reasons to do so. i 

How have these changes influenced the practice of 
gynecologic surgery? According to a medical economics 
survey, obstetrician-gynecologists each performed 150 
major operations per year in 1981; by 1986 this had 
fallen to 60, a decrease of 69%. There was little or no 
change in the other surgical specialties surveyed.’ 

It seems likely that the need for surgery will continue 
to decrease. We will be able to control bleeding by im- 
proved hormonal therapy or by destroying or resect- 
ing the endometrium, and we can influence both bleed- 
ing and the growth of leiomyomas by gonadotropin- 
releasing hormone therapy. It will also be possible to 
prevent or control the growth of malignant lesions. 
Undoubtedly there will be improvements and innova- 
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tions in the future that will make our present methods 
seem crude. The need for surgical sterilization can be 
eliminated as new, effective permanent and temporary 
methods to prevent pregnancy are developed. A drug, 
RU 486, which induces early abortion by blocking pro- 
gesterone receptors, is already available to the rest of 
the world. If it, or more effective drugs, is approved 
for use in this country, the need for surgical abortion 
will be reduced significantly. Ours is not the only spe- 
cialty that will have a decreasing need for operative 
therapy. Mandell” anticipates a similar fate for urologic 
surgery. 

These changes have already had a significant effect 
on resident education, and it will be even greater in the 
future. In many hospitals resident experience with ma- 
jor abdominal and vaginal operations is too limited to 
provide the base they need to become competent sur- 
geons. This will probably not improve as nonoperative 
therapy is improved and insurance coverage is ex- 
tended to include women who have traditionally been 
resident patients. Obstetrician-gynecologists will accept 
these women as private patients to expand their di- 
minishing surgical practices. In addition, general sur- 
geons certainly will not give up gynecologic operations 
and urologists are performing more and more opera- 
tions for incontinence, vaginal as well as abdominal. 
This will be at the expense of experience for obstetric- 
gynecologic residents. 

It is unlikely that residents who are graduated with 
inadequate basic experience in surgery and whose sur- 
gical practices are limited to one or fewer major op- 
erations per week can ever become specialist-consultant 
gynecologic surgeons. 


Obstetrics 


Obstetrics, which has been the most challenging seg- 
ment of our specialty, is rapidly losing its glamour. The 
opportunity to deal with young, healthy women during 
the miracle of pregnancy and delivery is an experience 
not available in any other specialty. Neither is the op- 
portunity to cope with unexpected and potentially le- 
thal complications that challenge the expertise of even 
the most experienced and skillful practitioners. 

It is impossible to predict accurately the total number 
of births we can anticipate in the future. Women are 
having fewer babies and beginning childbearing at a 
later age. In 1965, 24% of married women aged 20 to 
24 years and 13% of those aged 25 to 29 years were 
childless. By 1983 this had changed to 40% and 27%, 
respectively." One third of the women who had babies 
in 1988 were over 30 years of age. Moreover, in 1988, 
54% of women over age 30 years planned on having a 
baby sometime in the future. Most middle- and upper- 
class women now plan on no more than two children, 
and many none. , 

The provision of obstetric care may well become 
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Table I. Gynecologic operations 


1979 1981 1983 
Operation (n) (n) (n) 


Cesarean section 601,000 704,000 809,000 
Hysterectomy 638,000 673,000 673,000 
Vaginal repair 175,000 175,000 150,000 
Infertility 27,000 50,000 58,000 


more demanding. The pregnancies of healthy older 
mothers usually are uneventful, but the incidence of 
complicating chronic conditions, such as diabetes, hy- 
pertension, uterine leiomyomas, and others, is higher 
than in younger women. In addition, births to unmar- 
ried, low-income, and teenage women are expected to 
increase. Fifteen percent of those who were born in 
1970 live in poverty; this increased to 21% of those 
born in 1987. The combination of births to single moth- 
ers, teenagers, older women, and those living in poverty 
will increase the responsibilities of obstetricians. These 
patients need much more than “routine” obstetric care. 

A principal cause of disenchantment with obstetrics 
is the liability risk, the cost of liability insurance, and 
the emotional effect of being charged with malpractice 
when none was involved. This has led many obstetri- 
cians to curtail their obstetric practices, accepting only 
patients with minimal risk of developing complications. 
They refer women with risk factors and those whose 
pregnancies become abnormal to perinatologists. More 
and more are giving up obstetrics completely. In 1982, 
83% of obstetrician-gynecologists performed vaginal 
deliveries; by 1988 this had decreased to 72%. The 
decrease was greatest in those under age 36 years 
(—15.2%) and next in those between 46 and 55 years 
of age (— 13.8%). 

The trend toward giving up obstetrics at an early age 
is in contrast to what Randall’ found in exploring the 
practice patterns of 9703 American Board of Obstetrics 
and Gynecology diplomates in 1974: 1393 over age 60 
years were still practicing obstetrics; 57 of these were 
over 90 years of age. Only 15% of those who had retired 
before 1973 had left practice before age 65 years. It 
would be interesting to repeat this survey. It might give 
a clue as to what to expect in the future. 

Most hospitals have been reluctant to close obstetric 
services, but they may have to curtail the services they 
provide. Women will probably increase their demands 
for improved, acceptable, and low-cost care during nor- 
mal pregnancies. This may reduce the need for ex- 
pensive, high-technology hospital labor-delivery suites 
in favor of hospital-based or free-standing childbirth 
centers. Entire hospitals have already closed because 
of financial problems and more will in the future. Many 
of these will be in rural areas that have attracted 
obstetrician-gynecologists because most large urban 
areas are saturated with physicians. 
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Ambulatory care 

Obstetrician-gynecologists were among the first to 
initiate programs in preventive health care. Prenatal 
care was introduced in Boston during the last decade 
of the nineteenth century, primarily to detect pre- 
eclampsia during early stages. The annual gynecologic 
examination was proposed by MacFarlane et al.“ in 
1940 in an attempt to detect what was then considered 
to be early cervical cancer. 

We have the information and technology that permit 
us to diagnose and treat many disorders of reproduc- 
tive function in our offices, and we perform an increas- 
ing number of operative procedures without admitting 
patients to a hospital. Although we have become rea- 
sonably adept at dealing with physical disorders, we are 
lacking in our ability to identify psychosocial problems 
and help our patients cope with them. 

Despite expanding opportunities to diagnose and 
treat interesting disorders in ambulatory patients, many 
residents consider the clinic only as a place where they 
find patients to fill the surgical schedule. This obviously 


is important, but surgery represents a small part of our 


responsibilities, and it will decrease progressively dur- 
ing the years ahead. 


Justification for changes in resident education 


The services we now provide are important, but we 
can do more. As the ratio of obstetrician-gynecologists 
to women continues to change, we must do more if we 
expect to retain our patients. Pediatricians care for their 
patients long after they have passed through childhood. 
Primary-care internists and family practitioners pro- 
vide. many of the services we do and undoubtedly will 
continue to do so. What special skills can we offer our 
patients? The obvious one is our knowledge of repro- 
ductive physiology and disorders of the reproductive 
system. In addition, there is no reason to think that we 
cannot assume more responsibility for primary care 
than we now do. 

In 1971 Burkons and I” reported on a survey de- 
signed to determine whether Michigan obstetrician- 
gynecologists practiced as limited specialists or as 
primary-care physicians to women. Although 54% 
of 1008 patients of obstetrician-gynecologists stated 
that they had family physicians, only 14% saw those 
physicians regularly. They relied on their obstetrician- 
gynecologists for general periodic examinations. 
Seventy-eight percent of women without a family phy- 
sician and 55% of those with family physicians had 
consulted their obstetrician-gynecologists concerning 
nongynecologic problems; 14% did so regularly. 

On the basis of this, and confirmatory information 
obtained from 520 American College of Obstetricians 
and Gynecologists Fellows concerning their practice 
patterns, we proposed a curriculum that would permit 
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residents to develop the skills necessary for not only 
specialized practices but also those that would enhance 
their ability to practice as primary physicians.’ The 
educational experiences included internal medicine, 
hypertension and renal disease, reproductive and med- 
ical endocrinology, psychiatry, and a weekly session 
during which each resident could provide general care 
for his or her own patients. The psychiatric portion 
should be directed toward improving skills in inter- 
viewing, communication, and recognizing and dealing 
with psychosocial problems, rather than traditional psy- 
chiatry. l 

An increasing responsibility is to enhance our ability 
to deal with changing social behavior and nontradi- 
tional patients; for example, single women who are 
heads of families, working and professional women, 
unmarried women who request artificial insemination, 
lesbians, physically handicapped women with sexual 
problems, sexually active young teenagers, drug and 
alcohol use, ordinary sexually transmitted diseases, ac- 
quired immune deficiency syndrome and a host of 
others. The top nonscholastic problems in public 
schools today are drug and alcohol abuse, pregnancy, 
suicide, rape, robbery, and physical assault. During the 
1940s problems were talking in class, chewing gum, 
making noise, running in the halls, getting out of turn 
in line, wearing inappropriate clothing, and not putting 
paper in waste baskets. 

The expanding population of older women will chal- 
lenge our ability not only to provide gynecologic care 
but also to help them solve psychosocial and medical 
problems. To accomplish this we must become more 
familiar with the physiology, psychology, and problems 
of aging, spend more time with each patient, be more 
aware of their special needs, and become familiar with 
the agencies to which they can be referred for help. 


Preventive obstetrics-gynecology 


We have been so involved in treating well-established 
disorders of reproductive organs that we have de- 
voted too litde thought to truly preventive obstetrics- 
gynecology. The combination of increasing numbers of 
obstetrician-gynecologists and a decrease in the number 
of women for whom each will provide traditional ser- 
vices offers an unusual opportunity to expand our ef- 
forts in disease prevention. Grimes” has described 
levels of preventive care ranging from prevention of 
the basic disease as a primary effort to prevention of 
disability and death as a last resort. Areas in which 
prevention can be most effective are in contraception 
to prevent three million unplanned pregnancies each 
year, prevention of sexually transmitted diseases, pre- 
vention of cervical and uterine cancer, prevention of 
deaths from breast cancer, prevention of disability and 
death in our patients and their offspring as a result of 
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drugs and alcohol, prevention of osteoporosis and car- 
diovascular diseases in aging women, prevention of 
lung cancer, and many others. Grimes states, “In the 
years ahead, social gynecology may emerge as a disci- 
pline of equal stature as surgical gynecology in the 
United States.” ” 


Number of obstetrician-gynecologists 


The guesses as to the need for obstetrician- 
gynecologists may be as accurate as the guesses of de- 
mographers concerning birth rates and numbers of 
deliveries. The Graduate Medical Education National 
Advisory Committee Report’ concluded that there 
would soon be a surplus, whereas from the figures 
the American Colllege of Obstetricians and Gynecol- 
ogists indicated that there would not. Schwartz et al.’ 
are equally certain that there will not be an excess 
of physicians by the turn of the century, but they did 
not consider needs for individual specialties. Mulhau- 
sen and McGee” estimate that there will be a need for 
10.7 obstetrician-gynecologists/100,000 population in 
health maintenance organizations. This is in contrast 
to 9.9 obstetrician-gynecologists/1000,000 population 
in the Graduate Medical Education National Advisory 
Committee Report. 

My contention has been that we already have more 
obstetrician-gynecologists than we need to provide tra- 
ditional services and the disparity can only increase 
unless we either limit residency programs or change 
our approach to resident education. Although we may 
need fewer gynecologic surgeons, there certainly will 
be an expanding need for a different sort of health 
care for women than what we now provide. 

Factors that have not been considered adequately in 
establishing needs are the increasing number of women 
in our specialty and the life-styles anticipated by both 
men and women. Most residents expect to work fewer 
hours a week in practice than did their predecessors. 
Many women expect to combine a career as mother 
with that of obstetrician-gynecologist and undoubtedly 
will curtail practice to devote more time to their fam- 
ilies. Members of practice groups and those employed 
by health maintenance organizations will certainly re- 
duce their working hours. Many residents expect to 
retire at what has been considered an early age. If these 
changes do occur, if we expand our efforts in ambu- 
latory and primary care, and if medical student interest 
in obstetrics-gynecology wanes, there may well be a 
shortage. 

Between 1981 and 1986 there was a 15% reduction 
in applicants to medical schools, but a slight increase 
in applicants occurred in 1989. So far there has been 
little change in the 6% to 7% of graduates who choose 
to become obstetrician-gynecologists, but this may not 
continue. In 1983, 5.4% of men and 11.9% of women 
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medical school seniors applied for residency training 
in obstetrics-gynecology. By 1987 this had decreased to 
4.3% of men (— 20%) and 10.2% of women (— 14%).”! 

Positions in good residency programs fill regularly, 
but residents are no longer willing to accept what they 
consider to be unusual demands on their time and 
unacceptable stresses. They are much more mobile 
than they were in the past, resigning to accept posi- 
tions in programs that conform more to their life-styles 
or on the insistence of their spouses. Some abandon 
obstetrics-gynecology completely. Too often they find 
that they have sacrificed quality of education for an 
easier short-term existence. In a specialty as broad as 
ours we should be able to create programs that will fill 
the needs of anyone who is interested in the medical 
and psychosocial problems of women. 


Defining obstetrics-gynecology 


In 1888 Van de Warker™ objected to the definition 
of gynecology as “the doctrine of the nature and dis- 
eases of women” as being too restricted. He thought 
the field was too broad to be a specialty “. . . since ethics. 
dialectics, casuistry and sociology contribute to the so- 
lution of mental, moral, social and physical problems 
in a field where priest and logician claim an equal 
right with the medical man.””? More recently com- 
mittees from the American College of Obstetricians 
and Gynecologists and other organizations struggled 
for months to produce a satisfactory definition of an 
obstetrician-gynecologist. The final definition describes 
the traditional practitioner and provides for individ- 
ual variation. Ryan’s definition is a functional one: 
“... the specialty has been defined, is being defined, 
and will be defined in the future by the innumerable 
interactions between patients and their obstetrician- 
gynecologists. Each interaction represents a definition 
by the patient of those services she desires... and a 
definition by the physician of the services he or she is 
willing to provide.” 


Proposal for change 


We have a problem. It has been generated by a pro- 
gressing expansion of knowledge and technology, both 
of which will continue. We have been forced to frag- 
ment the specialty of obstetrics-gynecology because it 
is no longer possible for a single individual to become 
and remain competent in all its branches. If we admit 


` this we can only conclude that our resident educational 


programs will soon be outmoded because we are still 
preparing house officers to practice as did their pre- 
decessors. 

I am not the first to recognize the problem. In 1968 
Morton stated, “The time has arrived when we, as ed- 
ucators, should recognize these changes (advances in 
knowledge, increased specialization) more fully than we 
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have. We must recognize that there is not time, op- 
portunity or desire for the creation of the ‘compleat 
obstetrician-gynecologist’ during the course of a stan- 
dard acceptable residency.”™ 

It would be inappropriate to abandon traditional 
house officer education precipitately, because the ad- 
vances that will alter our responsibilities will develop 
slowly. However, we can make changes that will not 


compromise resident's ability to provide traditional ser-, 


vices while we are expanding their capabilities in areas 
that will become progressively more important. We 
have two basic choices. One is to reduce the number 
of residencies drastically, retaining only those needed 
to educate obstetrician-gynecologists as we now do and 
provide an appropriaté number of subspecialists. This 
would be unacceptable because it ignores the unfilled 
health care needs of women. More appropriate models 
would provide basic training for careers in health care 
‘for women. These individuals would be prepared to 
provide diagnostic, therapeutic, counseling, and pre- 
ventive services that are not now readily available, 
provide care during pregnancy and labor, and per- 
form cesarean sections and undemanding gyneco- 
logic operations. This is exactly what many obstetrician- 
gynecologists now do. An appropriate number would 
be selected for advanced training in obstetrics- 
gynecology and the subspecialties. 

The justification for such a change is expressed in a 
letter from a graduate of our program: “I have been 
a primary physician, an educator, a lawyer and a sec- 
retary. As an obstetrician I am expected to deliver per- 
fect babies every time, and with a low cesarean section 
rate, even though 16% of our primigravidas have babies 
weighing more than 4000 gm. I am to be a gynecologist 
who solves all problems without surgery. My patients 
will obtain second, and even third, opinions before 
having a cone biopsy. They will demand removal of 
submucous fibroids by resectoscope, ask for yttrium- 
aluminum-garnet laser obliteration, or undergo long- 
term gonadotropin-releasing hormone agonist therapy 
rather than have a hysterectomy. Of course, I am also 
a psychiatrist.” 
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Magnesium sulfate is the ideal anticonvulsant in 
preeclampsia-eclampsia 


Baha M. Sibai, MD 


Memphis, Tennessee 


The pathogenesis of eclamptic convulsions is unknown. A review of the world literature indicates 
considerable controversy regarding the idea! anticonvulsant to prevent or control these convulsions. 
Parenteral magnesium sulfate is the drug of choice to contro! eclamptic convulsions in North America, but 
it is rarely used for this purpose overseas. The efficacy and safety of magnesium sulfate in the treatment 
of preeclampsia-eclampsia have been well documented during the past 60 years. During the same time 


period, numerous anticonvulsant drugs have been used overseas; however, the ideal drug is yet to be 
found. Recently phenytoin has been recommended as an alternative for magnesium sulfate; however, 
comprehensive data regarding its safety and efficacy are lacking. The evidence in the literature indicates 
that magnesium sulfate is the ideal anticonvulsant in preeclampsia-eclampsia. (AM J OBSTET GYNECOL 


1990;162:1141-5.) 
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In North America, parenteral magnesium sulfate is 
the drug of choice for the prevention and treatment of 
eclamptic convulsions. Despite its acceptance and wide- 
spread use in this country, a review of the world lit- 
erature indicates considerable controversy regarding 
the indications, mode of action, safety, and efficacy of 
this drug. Several surveys of therapy used to treat 
preeclampsia-eclampsia outside the United States re- 
port relatively infrequent to no use of magnesium sul- 
fate as an anticonvulsant.'* Recently the use of the drug 
as an anticonvulsant has been under attack by neurol- 
ogists in this country.** Its use for the above indication 
was criticized as being empiric, dogmatic, and without 
scientific validation, and the drug was labeled as being 
a “poor anticonvulsant,” “a bad medicine,” and to be 
“relegated to the laboratory, a clinical trial, or history.” 

We will present data from large clinical studies of 
magnesium sulfate that indicate that the drug is safe 
and effective in the prevention and control of eclamp- 
tic convulsion. In addition, the following review will 
reveal] that magnesium sulfate is as effective and much 
safer than any other anticonvulsant used for this 
purpose. 


Historic perspective 


The hazards of convulsions in pregnancy have been 
documented for centuries. A detailed history of the use 
of magnesium sulfate is the subject of an extensive re- 
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view by Chesley.® In this review the author notes that 
the drug was first used for this purpose in 1906 by 
Horn in Germany, who injected it intrathecally. About 
20 years later an intravenous regimen was reported by 
Lazard in Los Angeles and an intramuscular regimen 
was described by Dorsett in St. Louis. Since then various 
regimens and methods for giving the drug have been 
devised.” However, the popular and universal use of 
the drug in preeclampsia-eclampsia is credited to the 
efforts of Pritchard and Zuspan. Currently the two 
most widely used regimens of magnesium sulfate ad- 
ministration are the intramuscular regimen popular- 
ized by Pritchard and the continuous intravenous 
regimen recommended by Zuspan.° Recently Sibai 
et al.'° compared maternal serum levels of magnesium 
achieved with the use of the two regimens and sug- 
gested increasing the maintenance dose of the intra- 
venous regimen to 22 gm/hr. Since then the author 
has evaluated several modifications of the intravenous 
regimen to achieve acceptable serum magnesium levels 
throughout the infusion. The best regimen was a 6 gm 
loading dose followed by a maintenance dose of 
2 gm/hr. 


Pharmacology, actions, and toxicity 

Magnesium sulfate, the commercial preparation used 
in the parenteral form, has a molecular weight of 246. 
Thus 1 gm of this salt contains 98 mg of elemental 
magnesium (10% of total weight). Maternal plasma 
levels after parenteral administration depend on the 
volume of distribution (usually increased during preg- 
nancy, especially in patients with preeclampsia) and re- 
nal excretion of the magnesium ion (commonly de- 
creased in patients with severe disease). Administration 
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of a loading dose of 4 to 6 gm intravenously results in 
an immediate maternal plasma concentration of 5 to 9 
mg/dl. However, this increase is transient and plasma 
levels will fall to about 3 to 4 mg/dl within 60 minutes. 
Within 90 minutes about 50% of the infused magne- 
sium moves into bone and other cells, and by 4 hours 
about 50% of the infused dose is excreted in the urine. 
A subsequent continuous intravenous maintenance 
dose of 2 gm/dl/hr results in plasma magnesium levels 
of 4 to 8 mg/dl (these levels are considered therapeutic 
based on.clinical experience). In the presence of oli- 
guria or significant renal failure, volume of distribution 
alone determines plasma magnesium levels. In such 
cases the’ maintenance dose should be either reduced 
or discontinued, and maternal plasma levels should be 
monitored frequently to prevent toxicity. 

The first sign of magnesium toxicity is usually the 
loss of patellar reflexes that occurs at plasma levels of 
about 9 to 12 mg/dl. Hence any order for the admin- 
istration of magnesium sulfate should mention that the 
maintenance dose is not to be given in the absence of 
patellar reflexes. In such case a magnesium level should 
be obtained and magnesium administration can be rein- 
stituted accordingly. Early signs and symptoms of mag- 
nesium toxicity include nausea, feeling of warmth, 
flushing, somnolence, double vision, slurred speech, 
and weakness. These symptoms usually develop at 
plasma levels of 9 to 12 mg/dl. Muscular paralysis and 
respiratory arrest will develop at plasma levels of 15 to 
17 mg/dl. Hence respiratory rate should be monitored 
very closely. Cardiac arrest will develop at plasma 
levels of 30 to 35 mg/dl."! Thus it is important to 
keep an ampule containing 1 gm of calcium gluconate 
at the bedside for intravenous administration as an 
antidote in case of magnesium toxicity. In addi- 
tion, in case of cardiorespiratory arrest, the patient 
should be intubated immediately and managed with as- 
sisted ventilation until resumption of spontaneous 
respirations.” 

The mechanism of action of the magnesium ion in 
the control of eclamptic convulsions is unknown. Some 
authors believe this action to be mainly peripheral at 
the neuromuscular junction with minimal to no central 
effects, whereas other authors believe that the main 
action is central with a minimal neuromuscular- 
blocking effect. This subject was recently reviewed by 
Sibai et al.’? and will not be discussed here. It is 
interesting to note that Sibai et al. found that ab- 
normal electroencephalographic findings in patients 
with preeclampsia-eclampsia were not influenced by 
magnesium levels achieved in the clinical management 
of these patients. However, abnormal electroencepha- 
lographic findings were present in four patients with 
eclampsia managed by me despite therapeutic levels of 
both phenytoin and phenobarbital. In addition, ab- 
normal electroencephalographic tracings may be pres- 
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ent in patients with epilepsy, with adequate control of 
seizures with anticonvulsant medications. Thus the 
electroencephalogram might be a crude method of 
evaluating the clinical effects of anticonvulsant drugs. 

There are multiple other actions of magnesium sul- 
fate (Table I). Some of them are beneficial to the fetus 
(increased uterine blood flow and increased pros- 
tacyclin production) considering the pathophysiology 
of preeclampsia-eclampsia, whereas others are consid- 
ered detrimental. It is important to note that these data 
are highly conflicting and inconclusive. The reported 
effects on fetal heart rate variability and uterine activity 
are conflicting. Two studies reported a transient de- 
crease in variability, one reported a transient increase, 
and three studies found no effect. Similarly, uterine 
activity during the use of magnesium sulfate was re- 
ported to be decreased, increased, or unchanged. In 
general there is a transient decrease in uterine activity 
during the intravenous bolus injection of magnesium 
sulfate only. Some studies have reported low Apgar 
scores, respiratory depression, hyporeflexia, and hy- 
pocalcemia in the neonates of mothers receiving intra- 
venous magnesium sulfate. These effects were reported 
in premature infants in association with fetal growth 
retardation. Such complications are usually present in 
these infants without the use of magnesium sulfate, as 
reported by McGuinness et al. In addition, several 
recent studies reported no ill effects in term infants. 

It is my opinion that magnesium sulfate will inhibit 
uterine contractions when given early in premature la- 
bor (cervical dilation <2 cm). However, it is ineffective 
in suppressing uterine activity during the active stage 
of labor. In fact, Zuspan et al. reported no effects on 
the course of labor in women with eclampsia receiving 
magnesium sulfate in doses up to 3 gm/hr. During the 
latent phase of labor, most patients usually receive oxy- 
tocin for induction or stimulation of labor. Thus the 
use of magnesium sulfate during this period will have 
minimal to no effect on uterine activity. In a prospective 
study (Oakley J, Sibai BM. Unpublished data) the 
length of labor, blood loss during delivery, and neonatal 
outcome in 30 patients with preeclampsia who were 
induced with oxytocin were compared with the re- 
spective outcome in 30 patients with similar gestational 
age and Bishop scores who were induced with oxytocin 
because of either rupture of membranes, chronic hy- 
pertension, or postterm pregnancy. The plasma mag- 
nesium level in the group with preeclampsia during the 
induction ranged between 4 and 8 mg/dl. The duration 
of labor was longer, an average of 1.2 hours, and the 
amount of oxytocin needed was higher, an average of 
1.8 units in the group with preeclampsia. These dif- 
ferences are of no clinical significance. In addition, we 
found no differences in the amount of blood loss at 
delivery, incidence of postpartum hemorrhage, or neo- 
natal Apgar scores. 
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Efficacy and safety 


Slater et al. reported the following characteristics 
for the ideal anticonvulsant for severe preeclampsia- 
eclampsia: “rapidly effective, have a reliable and pre- 
dictable duration of action, have a wide safety margin, 
and be non-depressive and non-toxic to both mother 
and baby.” Unfortunately, they did not mention two 
other characteristics that are important: simplicity of 
administering and monitoring in the clinical setting and 
familiarity of physicians and nurses working in obstetric 
units with its pharmacokinetics, as well as pharmaco- 
dynamics. In my opinion these latter characteristics are 
extremely important because the margin of error 
for underdosing or overdosing might prove life- 
threatening for both mother and fetus, especially in 
busy obstetric units or level 1 hospitals. 

A review of the obstetric literature in the 
United States during the past 60 years indicates that 
magnesium sulfate satisfies all the above criteria to 
make it the ideal anticonvulsant in preeclampsia- 
eclampsia. Its use has been standardized, which has 
made it easy and simple to administer, as well as to 
monitor its effects and side effects. All physicians and 
nurses working in obstetric units in this country are 


familiar with at least one regimen as to mode of ad- ' 


ministration, dose, and clinical monitoring of potential 
side effects. The current standard regimens have been 
tested in more than 100,000 patients over the years and 
have proved to be rapidly effective with reliable and 
predictable duration of action. As stated previously, 
these regimens have a wide margin of safety and have 
been proved to be safe for both mother and infant when 
used in preeclampsia, as well as in treating premature 
labor. 

Parenteral magnesium sulfate does not cause any sig- 
nificant maternal or neonatal depression when used 
properly. During its administration the mother is awake 
and alert with intact laryngeal reflexes, which helps to 
protect against aspiration. Its efficacy in the prevention 
and control of eclamptic convulsions has been well doc- 
umented in several large clinical reports. Its empiric 
use without comparing it with other anticonvulsants in 
a clinical trial does not underscore its clinical efficacy, 
as evident from the favorable pregnancy outcome as- 
sociated with its use in large studies reported by Prit- 
chard et al., Zuspan,” and Sibai (current study). 

The maternal and perinatal mortality and morbidity 
rates in women with eclampsia treated by parenteral 
magnesium sulfate reported by these authors are su- 
perior to the respective outcomes in such pregnancies 
reported from any other place in the world. Pritchard 
et al.'° reported only one maternal death (0.4%) in 245 
women treated for eclampsia at Parkland Memorial 
Hospital from 1955 to 1983. This death was caused by 
magnesium toxicity from accidental intravenous injec- 
tion of 20 gm of magnesium sulfate. Endotracheal in- 
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Table I. Various actions of magnesium sulfate 
reported in literature 





Beneficial effects in preeclampsia-eclampsia 
Vasodilation in vascular beds 
Increased uterine blood flow 
Increased renal blood flow 
Increased prostacyclin release by endothelial cells 
Decreased plasma renin activity 
Decreased angiotension-converting enzyme levels 
Attenuation of vascular response to pressor substances 
Bronchodilation 
Reduced platelet aggregation 

Detrimental effects 
Decreased uterine activity and prolonged labor 
Decreased fetal heart rate variability 
Excessive blood loss after vaginal delivery 
Neonatal neuromuscular and respiratory depression 
Low Apgar scores 





tubation was not accomplished promptly in this short 
and very obese woman who had cardiorespiratory ar- 
rest. From 1977 to 1989 there was only one maternal 
death (0.4%) in 262 women treated for eclampsia at 
the E. H. Crump Women’s Hospital and Perinatal Cen- 
ter. This death occurred in a patient who had five con- 
vulsions before arriving at this hospital and went into 
cardiorespiratory arrest in the parking lot before the 
administration of magnesium sulfate. The patient was 
resuscitated and her seizures were controlled with mag- 
nesium sulfate. This patient did not regain conscious- 
ness after cardiac arrest, remained comatose, and died 
8 weeks post partum. Maternal morbidity was infre- 
quent in these two series that included 507 cases with 
no instance of intracerebral hemorrhage or neurologic 
deficit on long-term follow-up. In contrast, the mater- 
nal mortality rate in other large series of patients with 
eclampsia ranged between 3.3% and 14.4%, and the 
incidence of intracerebral hemorrhage was as high as 
10.7%. 

Anticonvulsant prophylaxis is used routinely during 
labor to prevent convulsions in patients with diagnosed 
preeclampsia. In the United States, magnesium sulfate 
is usually used during labor in all such patients. As a 
result the incidence of eclampsia without the use of 
magnesium sulfate in these patients is unknown. How- 
ever, eclamptic convulsions rarely develop after the ad- 
ministration of standard regimens of magnesium sul- 
fate. Zuspan” states that he has never seen it, and Prit- 
chard et al.'° reported it in only few patients among 
several thousands of patients with preeclampsia receiv- 
ing the intramuscular regimen. It is my experience that 
about 1 in 300 women with preeclampsia will have con- 
vulsions after the infusion of the intravenous drug. On 
the other hand, approximately 10% to 15% of women 
with eclampsia will have a second convulsion after re- 
ceiving the loading dose of magnesium sulfate. Prit- 
chard et al. reported that 10 of 83 women (12%) who 
had eclampsia treated before delivery again suffered 
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convulsions shortly after an initial injection of the load- 
ing dose. However, most remained free of seizures after 
an additional 2 gm of intravenous magnesium sulfate. 
In my series of 262 women with eclampsia, 36 (14%) 
had an additional convulsion after receiving magne- 
sium sulfate. Thirty of the 36 remained free of seizures 
after an additional 2 to 4 gm of intravenous magnesium 
sulfate, 3 responded to a short-acting barbiturate, | 
required an intravenous Pentothal drip, and 2 required 
muscular paralysis with intubation to contro] further 
seizures. It is important to note that 12 of our 262 
patients had further convulsions after receiving various 
doses of diazepam, phenobarbital, or phenytoin. In ad- 
dition, four of seven patients with eclampsia treated 
with 1000 mg of phenytoin had subsequent convulsions 
within 4 hours of receiving the phenytoin dose. 
Magnesium toxicity is extremely rare after proper 
administration and clinical monitoring of the patient 
after the standard regimens are started. It was never 
encountered by Zuspan,'? but it was responsible for the 
only death in the series of women with eclampsia of 
Pritchard et al.'® and nearly led to a maternal death in 
our hospital. In both cases the patients accidentally 
received 20 gm of magnesium sulfate during a few 
minutes instead of the loading dose of 4 gm. In addi- 
tion, Pritchard et al.’® reported three instances of re- 
spiratory arrest requiring intubation, and we have en- 
countered one such instance in a patient with eclampsia 
who had received large doses of diazepam and phe- 
nobarbital in association with magnesium sulfate. These 
findings are remarkable considering the number of pa- 
tients treated with magnesium sulfate by these authors. 


Other anticonvulsants 


In many centers outside the United States, magne- 
sium sulfate is rarely used to prevent. or treat eclamptic 
convulsions. As a result the ideal anticonvulsant in these 
centers is yet to be found. During the past 60 years 
numerous anticonvulsant drugs have been introduced 
and replaced because of dissatisfaction with the results 
obtained with the use of these drugs. Some of these 
drugs have included bromethol, chloral, paraldehyde, 
phenothiazines, lytic cocktails, barbiturates, diazepam, 
chlordiazepoxide, and clonazepam. 

The overzealous use of these drugs in eclampsia has 
been associated with significant maternal-neonatal cen- 
tral nervous system and respiratory depression.'* '' The 
use of large doses of diazepam (>30 mg) during labor 
is associated with loss of beat-to-beat fetal heart rate 
variability and significant neonatal morbidity (respira- 
tory depression, apnea, hypotenia, and cold stress). The 
use of barbiturates and chlormethiazole in anticonvul- 
sant doses may depress maternal laryngeal reflexes, 
thus increasing the likelihood of aspiration during con- 
vulsions. In addition, the use of intravenous pheno- 
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barbital has the potential of producing laryngospasm 
and circulatory and respiratory depression. Moreover, 
none of these drugs has been proved to be better than 
or as effective as magnesium sulfate in treating eclamp- 
tic convulsions. 

Recently phenytoin has been advocated for the pre- 
vention and treatment of eclamptic convulsions in the 
United Kingdom, Australia, and Canada. In addition, 
its use for this purpose has been recommended by some 
internists and neurologists in the United States. Slater 
et al.” evaluated a regimen of phenytoin based on ma- 
ternal weight in only 26 patients (7 had severe pre- 
eclampsia, 17 had mild disease, and 2 had eclampsia). 
They reported no seizures after the initiation of phe- 
nytoin (750 to 1250 mg intravenously at a rate of <25 
mg/min), and they noted no major maternal or neo- 
natal side effects. Since then the use of phenytoin in 
preeclampsia-eclampsia has been reported by Moosa 
and El-Zayat, Ryan et al., and Repke et al. Ryan et al. 
noted the development of convulsions in one patient 
among 97 patients with preeclampsia-eclampsia receiv- 
ing various doses of phenytoin. In addition they em- 
phasized that serum levels of phenytoin are dependent 
on maternal weight and serum albumin levels, thus 
increasing the likelihood of maternal toxicity if stan- 
dard bolus doses are given to all patients. Repke et al. 
compared the use of phenytoin (n = 21) to that of in- 
travenous magnesium sulfate (n = 22) in 43 women 
with preeclampsia. They reported fewer side effects 
and better patient acceptance in the phenytoin-treated 
group. 

On the other hand, the widespread use of phenytoin 
for severe preeclampsia-eclampsia in the United King- 
dom was questioned by Tuffnell et al. The authors 
reported that 3 (17%) of 18 patients with preeclampsia- 
eclampsia had a further convulsion after the adminis- 
tration of the recommended dose. Phenytoin serum 
levels were measured in two of the three patients and 
were in the therapeutic range in both. As a result they 
criticized the rapid introduction of new anticonvulsant 
drugs for preeclampsia in that country and suggested 
that “effort might be better spent improving doctors’ 
familiarity with the dosage regimens and side-effects 
of one drug.” In addition, four of the seven patients 
with eclampsia treated with phenytoin before referral 
to this institution had subsequent convulsions despite 
adequate serum phenytoin levels in all four. These pa- 
tients were then treated with magnesium sulfate with- 
out further seizures. 

The use of phenytoin intravenously in dosages ad- 
equate to control convulsions may be cardiotoxic and 
hence, during its administration, the patient requires 
continuous electrocardiographic monitoring and fre- 
quent monitoring of serum levels. In addition, mater- 
nal therapeutic levels are dependent on serum albumin 
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levels. Thus both levels should be monitored to 
avoid maternal toxicity. Moreover, most physicians and 
nurses working in obstetric units are not familiar with 
the dosage regimens and side effects of this drug. 

In summary, there is limited experience with the use 
of phenytoin in preeclampsia. The regimens to be used, 
as well as the safety of this drug in these patients, are 
yet to be established. The available data indicate that 
it is not more effective than magnesium sulfate in pre- 
venting eclamptic convulsions. As with magnesium sul- 
fate, phenytoin has not been subjected to a randomized 
clinical trial in preeclampsia. Hence there is a definite 
need for a randomized trial comparing the safety and 
efficacy of these drugs in preeclampsia-eclampsia. 
Until such a trial is performed, phenytoin does not 
have the characteristics of the ideal anticonvulsant in 
preeclampsia-eclampsia. 


Recommendations 


Parenteral magnesium sulfate is currently the stan- 
dard therapy to prevent or treat patients with eclampsia 
in this country. All women who are diagnosed to have 
preeclampsia (irrespective of severity) should receive 
magnesium sulfate during labor and post partum. This 
recommendation is based on my experience that 20% 
to 25% of women with eclampsia had minimal eleva- 
tions of blood pressure and absent proteinuria. 

I use magnesium sulfate by controlled continuous 
intravenous infusion with a loading dose of 6 gm during 
20 minutes followed by a maintenance dose of 2 
gm/hr. If a patient has a convulsion or recurrent con- 


vulsions with this regimen, another bolus of 2 to 4 gm 


can be given during 5 minutes. If convulsions recur, a 
short-acting barbiturate such as amobarbital sodium 
should be given in a dose of up to 250 mg intravenously 
for 3 minutes. An occasional patient will have recurrent 
seizures even with all the above measures, necessitating 
the administration of a paralyzing agent, as well as in- 
tubation. 

Finally, there are medicolegal implications for failure 
to use parenteral magnesium sulfate during labor in 
preeclampsia-eclampsia. The routine use of magne- 
sium sulfate for this purpose has been recommended 
by the American College of Obstetricians and Gyne- 
cologists, which sets the standards of care of obstetric 
practice in this country. At the present time the use of 
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alternative anticonvulsant drugs as recommended by 
internists and neurologists** might be potentially det- 
rimental for both mother and neonate. 
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A prospective randomized study of saline 


solution amnioinfusion 


John Owen, MD, Brenda V. Henson, RN, and John C. Hauth, MD 


Birmingham, Alabama 


We performed a prospective randomized study of saline solution amnioinfusion in four types of pregnancy 
complications: postterm pregnancy, variable decelerations in labor, preterm labor, and 
oligohydramnios—suspected growth retardation. A total of 100 patients were randomized, 43 to undergo 
amnioinfusion and 57 to be in a control group. Patients undergoing amnioinfusion had a significantly 
decreased incidence of postpartum endometritis (2.4% vs 19%, p = 0.01) and a lower incidence of 
cesarean delivery that was due to fetal distress in labor (4.7% vs 16%, p = 0.07). The use of 
amnioinfusion also made a significant contribution to the four-quadrant ultrasonographic estimate of 
amniotic fluid volume (14.7 vs 9.8 cm, p < 0.001). All other maternal and neonatal outcome parameters 
were similar between the two groups. We conclude that saline solution amnioinfusion in labor may be a 
beneficial procedure but that further studies are needed. (Am J OssteT GYNECOL 1990;162:1146-9.) 


Key words: Saline solution amnioinfusion, fetal distress, postpartum infection 


The use of saline solution amnioinfusion has been 
reported to be of value in patients with preterm pre- 
mature rupture of the membranes’ and recurrent vari- 
able decelerations in labor.” * To further define its role 
in obstetrics, we undertook a prospective randomized 
study of amnioinfusion in women with four types of 
pregnancy complications: postterm pregnancy, variable 
decelerations in labor, preterm labor with ruptured am- 
niotic membranes, and oligohydramnios—suspected 
growth retardation. We postulated that the use of am- 
nioinfusion in patients with these obstetric complica- 
tions would decrease the incidence of operative vaginal 
or cesarean delivery, or both, as a result of fetal distress 
in labor. 


Material and methods 


Patients came to the labor suite at the University of 
Alabama Hospital and were evaluated by one of the 
authors for inclusion criteria. Patients who were con- 
sidered eligible and who consented to the study were 
randomly assigned to either amnioinfusion or control 
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groups and in relation to the following criteria. For the 
postdate pregnancy group, patients must have com- 
pleted at least 42 weeks’ gestation. All patients had ex- 
cellent gestational dates, including an early ultrasono- 
graphic examination. Patients either were in sponta- 
neous labor or were seen for an indicated induction of 
labor, and none of them had a prior positive fetal heart 
rate contraction stress test. For the group with variable 
decelerations in labor, patients must have had recurrent 
mild to moderate variable decelerations that did not 
respond to maternal position change, hydration, and 
oxygen therapy. Patients also were eligible if they had 
intermittent episodes of baseline bradycardia that were 
not judged severe enough to warrant immediate deliv- 
ery. In the group with preterm labor, those included 
were in labor before 37 weeks’ gestation. In the 
oligohydramnios—suspected growth retardation group, 
patients were between 37 and 42 weeks’ gestation with 
an admisison diagnosis of oligohydramnios and/or sus- 
pected fetal growth retardation. After each patient was 
assigned to one of the four complication groups, the 
randomization to receive amnioinfusion or to serve as 
a control was performed by using sealed envelopes. We 
did not collect data on the few patients who were eli- 
gible but who refused participation in the study. 

In summary, the groups with postterm pregnan- 
cies, preterm labor, and oligohydramnios—suspected 
growth retardation were considered to be at increased 
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risk for significant cord compression and received am- 
nioinfusion as a prophylactic measure. Only those pa- 
tients with variable decelerations of the fetal heart rate 
received amnioinfusion as a treatment of the existing 
nonreassuring fetal heart rate patterns. 

Thereafter an intrauterine pressure catheter was 
placed for direct monitoring of the labor pattern, and 
a four-quadrant assessment of amniotic fluid volume 
was performed.* Randomization was performed by 
drawing the randomly generated group assignments 
from a sealed envelope. All randomized patients were 
included in the data analyses. If amnioinfusion was 
chosen, a second pressure catheter was introduced 
through which the saline solution was infused. The 
decisions of when to place the pressure catheter and 
how to manage the remainder of each patient’s labor 
and delivery were made by the resident staff in con- 
sultation with an attending physician. Normal saline 
solution was warmed to 37° C and infused with an 
IMED pump. The infusion rate was 10 ml/min for 60 
minutes and then 3 ml/min until delivery. After the 
initial 600 ml had been infused, each patient underwent 
a second four-quadrant ultrasonographic determina- 
tion of amniotic fluid volume. The ultrasonographic 
examinations and saline solution infusions were per- 
formed by one of the authors (B. V. H.). The cervical 
dilatation at the time of randomization, the total volume 
of saline solution infused, and the labor curve from 
randomization until delivery were recorded prospec- 
tively. The study patients, as well as the nurses and 
physicians in the labor suite, were not blinded to the 
randomized assignments. 

Exclusion criteria included multiple gestation, non- 
vertex presentation, amnionitis, vaginal bleeding, a fe- 
tal heart rate baseline or pattern severe enough to war- 
rant immediate delivery, known fetal anomalies, and 
significant maternal disease states such as severe 
pregnancy-induced hypertension or insulin-dependent 
diabetes mellitus. The presence of meconium staining 
of the amniotic fluid, a prior low transverse cesarean 
section, or the need for oxytocin induction or aug- 
mentation of labor were not considered contraindica- 
tions. , 

During the study period, all fetuses had continuous 
internal electronic monitoring of the heart rate. The 
diagnosis of fetal distress was made by the resident staff 
in consultation with the attending physician, and all 
operative deliveries were determined to be indicated 
by the attending physician. Whenever possible, arterial 
and venous cord blood gas determinations were ob- 
tained on each neonate. There were no restrictions to 
the use of conduction anesthesia because of the am- 
nioinfusion protocol. Postpartum evaluations were per- 
formed by the resident staff, and standard definitions 
of postoperative febrile morbidity and endometritis 
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were used. Data were analyzed by x’ test, Fisher’s exact 
test, and the Student ¢ test where appropriate. If the 
probability of a type I error was =0.05, the result was 
considered significant. 


Results 


A total of 100 patients were randomized; 43 received 
amnioinfusion and 57 served as controls. Table I de- 
picts the risk group assignments for the treatment and 
control populations. A comparison of demographic and 
obstetric characteristics is listed in Table II. There were 
no significant differences between the two study pop- 
ulations except that the estimated gestational age of 
patients with oligohydramnios/suspected growth re- 
tardation in the amnioinfusion group was significantly 
less that that of the control group (p = 0.05). In 31 of 
the 43 patients receiving treatment the initial 600 ml 
infusion was completed and the second amniotic fluid 
volume estimate was performed according to the pro- 
tocol. However, 10 patients were delivered of their in- 
fants before the loading volume had been infused. In 
the remaining two patients the postinfusion ultrason- 
ographic examination was not accomplished. In these 
31 patients the mean amniotic fluid volume increased 
from 9.8 + 3.8 to 14.7 + 3.7 cm after infusion of the 
loading 600 ml of saline solution (p < 0.001). 

Maternal and neonatal outcome data are listed in 
Table III. For all but one of the outcome parameters 
studied, there was no significant difference between the 
treatment and control groups although a trend toward 
a decreased incidence of cesarean delivery because of 
fetal distress was noted in the amnioinfusion patients 
(4.7% vs 16%, p = 0.07, one-tailed). As has been pre- 
viously reported,’ we sought to determine the effects 
of parity on the incidence of cesarean delivery because 
of fetal distress between the amnioinfusion and control 
groups. However, unlike Miyazaki and Nevarez,? who 
found that amnioinfusion was more beneficial in pri- 
miparous women, we found in multiparous patients 
that the incidence of cesarean delivery because of fetal 
distress was 0% (0 of 22) in the amnioinfusion group 
versus 22% (8 of 36) in the control group (p = 0.02). 
A similar benefit was not seen in the primiparous pa- 
tients (p = 1.0). 

An unexpected finding was a decreased incidence of 
postpartum endometritis in the amnioinfusion patients 
(2.4% vs 19%, p = 0.01). This difference could not be 
explained on the basis of a difference in the incidence 
of positive maternal group B streptococcal cultures of 
the cervix. 


Comment 


The theoretical basis for amnioinfusion is that it re- 
duces umbilical cord compression and variable fetal 
heart rate decelerations, a common cause of fetal dis- 
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Table I. Study group assignments for amnioinfusion and control 

















Category Amnioinfusion Control Total 
Postterm pregnancy 5 6 Il 
Variable decelerations in labor 13 20 33 
Preterm labor 11 18 29 
Oligohydramnios—growth retar- 14 13 _27 
dation i 
TOTAL 43 57 100 
p = 0.71. 
Table II. Demographic variables of amnioinfusion and control groups 
Treatment Control 
(N = 43) (N= 57) ` p Test 
Initial 4-quadrant AFV* (cm) 9.2 + 3.7 8.4 + 3.1 0.22 t 
Cervical examination ran- 3.7 + 14 3.6 + 1.9 0.63 t 
domization (cm) 
Gestational age (wk) 
Postterm (n = 11) 43 + 0.33 43 + 0.46 0.60 t 
Decelerations (n = 33) 40 + 0.65 39 + 2.6 0.43 t 
Preterm labor (n = 28) 34 + 1.8 34 + 1.7 0.99 t 
Oligo/IUGR (n = 26) 40+ 1.7 41 + 1.6 0.05 t 
Meconium-stained fluid 11 (26%) 19 (33%) 0.40 x? 
Primiparous 21 (49%) 21 (37%) 0.23 xX 
Birth weight (gm) 2894 + 657 2951 + 755 0.69 t 
Nonwhite 29 (67%) 39 (71%) 0.92 xX 
Maternal age (yr) 23 + 5.0 23 + 5.4 0.70 l 
Epidural anesthesia 29 (67%) 38 (67%) 0.94 xX’ 
Labor abnormality 17 (40%) 28 (49%) 0.34 xX’ 
Oxytocin used 32 (74%) 36 (63%) 0.23 x 
Nuchal cord 13 (30%) 18 (32%) 0.89 xX? 


AFV, Amniotic fluid volume; Oligo, oligohydramnios; /UGR, intrauterine growth retardation. 
*Initial ultrasonographic examination not performed in four cases. 


tress.° Since an unknown quantity of instilled fluid may 
leak out during the therapy, to date it has not been 
known how much is actually retained. Our results using 
a four-quadrant estimate show that amnioinfusion 
makes a significant impact on the amniotic fluid 
volume. 

Miyazaki and Nevarez* reported that variable decel- 
erations in labor were ameliorated in 51% of patients 
who received amnioinfusion versus only 4.2% of the 
control group and further noted that the effects of 

_amnioinfusion were more pronounced in the primi- 
parous group than in multiparous patients. Their series 
contained 48 nulliparous patients, and in this popula- 
tion the incidence of cesarean delivery because of fetal 
distress was 15% in the amnioinfusion group versus 
48% in the control group (p = 0.03). Nageotte et al.' 
also reported that amnioinfusion had a significant im- 
pact on the incidence of variable decelerations in labor 
in patients with preterm premature rupture of the 
membranes; they also noted, as we have, a trend toward 
a decreased incidence of cesarean delivery because of 
fetal distress in the amnioinfusion group as compared 
with the control group (0.05 < p < 0.10). 

With optimal labor management, one would not ex- 


pect a technique such as amnioinfusion to improve the 
immediate neonatal outcome, although Nageotte et al. 
reported a significantly lower umbilical cord arterial pH 
in 32 control subjects compared with 29 amnioinfusion 
patients. However, as our results indicate, the incidence 
of cesarean delivery because of fetal distress was re- 
duced in the treatment group, although the reduction 
did not reach statistical significance except in the mul- 
tiparous patients. This is likely a result of our sample 
size since it would require 200 patients in each group 
to be 80% certain of detecting a-50% reduction in the 
rate of cesarean section because of fetal distress (from 
16%, as in our control group, to 8%, one-tailed, 
a = 0.05). If a 25% reduction is considered clinically 
significant, then 910 patients in each group would be 
required. Nevertheless, the power of this study to detect 
a threefold difference in the incidence of cesarean de- 
livery because of fetal distress (16% vs 4.7%), if this 
difference actually exists, is 0.99. 

Furthermore, we could demonstrate no harmful ef- 
fects from either the placement of a second intrauterine 
pressure catheter or the saline solution amnioinfusion. 
In fact the maternal infection rate was significantly 
lower in the treatment group. This might be secondary 


Volume 162 
Number 5 


Saline amniointusion in labor 1149 


Table IIL. Maternal and neonatal outcome variables for amnioinfusion and control groups 








. Treatment 
(N = 43) ; 


Operative delivery because of fetal distress 


Cesarean delivery 2 (4.7%), 9 (16%) 0.07 FET* 

Indicated operative vaginal delivery 6 (14%) 10 (18%) 0.63 x’ 

Total : 8 (19%), 19 (33%) 0.10 x 
Total cesarean deliveries aan 8 (19%) . 17 (30%) 0.20 xX’ 
Postpartum endometritis 1 (2.4%) 11 (19%) 0.01 FET 
Cord artérial pH <7.27 13 (33%) 10 (18%) 0.09 xX’ 
Mean cord arterial pH 7.24 + 0.07 7.25 +-0.06 0.33 t 
Mean cord arterial bicarbonate (mEq/ L) - 20.9 + 3.0 21.7 + 2.7 0.20 t 
5 min Apgar score <7 1 (1.8%). 1 (2.3%) 1.0 FET 
Admissions to high-risk nursery 12 (21%) 0.11 xX’ 


4 (9.3%) 


FET, Fisher's exact test. 
*One-tailed. 


tCord arterial blood gas samples not obtained in four amnioinfusion and two control patients. 


to the irrigating effects of the amnioinfusion as has. 
been reported when antibiotic-containing solutions.are _ `. 


used in patients with preterm premature rupture of 
the membranes. However, other series using amnioin- 
fusion have not reported similar findings.' 

Although we believe this to be the largest randomized 
series of amnioinfusion to date, with an even larger 
study population, the trend toward a lower cesarean 
secton rate because of fetal distress may be shown to 
be statistically significant. In addition,-particular types 


of pregnancy complications may be more successfully ` 


treated with amnioinfusion than others. However, our 
sample size was too small to permit analysis of the in- 
dividual groups. 

Since the procedure requires the placement of a sec- 
ond pressure catheter, we felt that it was not justifiable 
to perform a double-blind trial. Our results therefore 
may also be a reflection of the diversity of labor and 
delivery management . strategies among the resident 


and attending staff, particularly in the diagnosis of fetal , 


distress. However, unlike previous authors,*? we pur- 
posefully chose not to use the frequency and graded 
severity of intrapartum variable decelerations as out- 


come parameters, since ultimate management decisions l 


and clinical ọutcomes are more meaningful determi- 
nants of treatment efficácy. Although we were unable 


to separately analyze patients who refused entry. into 


the study, this represented’a very small population. We 
acknowledge that this could have introduced a source 
of bias but feel that the use of the randomized control 
trial validated our findings. 


The technique of amnioinfusion is easy to perform 


and inay be accomplished without direct physician su- 
‘pervision. It is also relatively inexpensive although the 


equipment costs and additional nursing time have not 
been subjected to a cost analysis. We are aware of no 
significant morbidity attributable to the procedure’and 
believe it to be safe for the laboring patient. Clearly, 
further studies are warranted before this potentially 
useful technique can be-recommended for general use 
in obstetrics. 
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Early signs and symptoms of preterm labor 


Michael Katz, MD, Karen Goodyear, MD, and Robert K. Creasy, MD 


San Francisco, California, and Houslon, Texas 


Patient and staff education concerning the subtle signs and symptoms that precede a clinical diagnosis of 
preterm labor have not been well established. Therefore we interviewed 100 patients for the presence or 
absence of various symptoms and signs during the 7 days preceding diagnosis of preterm labor. An 
additional 100 patients without preterm labor matched for gestation were chosen at random as control 
subjects. A history of increased uterine contractions, menstrual cramps, constant backache, constant 
pelvic pressure, increased amount and consistency and color change of vaginal discharge, and increased 
frequency of urination were present with a statistically significant higher frequency in patients with preterm 
labor compared with controls. Twenty-nine percent of patients did not report any uterine contractions and 
only half described them as painful. Fewer than 50% of the women reported contractions as frequently as 
every 10 minutes or more. (Am J OssteT GYNECOL 1990;162:1150-3.) 


Key words: Preterm labor, signs, symptoms 


Despite the availability of tocolytic agents there has 
been no appreciable decrease in the incidence of pre- 
term births in the United States. Over the last several 
years it has become evident that attempts to reduce this 
incidence must in part focus on improving the effec- 
tiveness of tocolysis through an earlier detection of pre- 
term labor. Several programs that focused on patient 
and staff education about the putative signs and symp- 
toms of preterm labor have been established; some, but 
not all, have had significant success.™ However, the 
validity of the signs and symptoms of preterm labor 
used for identifying the onset of labor and their pre- 
dictive values have not yet been established and are the 
subject of this article. 

In: this prospective study a comparison between the 
frequency of several signs and symptoms among .pa- 
tients who developed preterm labor and that observed 
among gestational-age—matched patients with term la- 
bor was undertaken. | l 


Material and methods 


‘Two hundred patients who agreed to participate in 
this study were interviewed by one of the authors 
(K. G.). The structured interview focused only on ques- 
tions concerning the presence, duration, and charac- 
teristics of nine symptoms thought to be possibly as- 
sociated with preterm labor (Table I). Specifically, pa- 
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tients were asked to report if any of the signs and 
symptoms occurred during the last 7 days either before 
admission (for inpatients with preterm labor) or before 
the interview (for outpatients without preterm labor). 
Of the 200 participants, 100 had a confirmed diagnosis 
of preterm labor. The interviews of these women took 
place after the initial preterm labor episode was ade- 
quately controlled with parenteral treatment (usually 
within 48 hours of admission). The diagnosis of pre- 
term labor was made in the presence or regular uterine 
contractions leading to progressive cervical dilatation 
and effacement before 37 completed gestational weeks, 
No patients interviewed who met these criteria were 
excluded. Cervical status was assessed by digital pal- 
pation and documented for all such patients on ad- 
mission. An additional 100 patients matched for ges- 
tational age who did not have preterm labor were 
interviewed in the outpatient clinic by the same inter- 
viewer in an identical fashion to that described above. 
The distribution of clinical characteristics among the 
patients in each of the groups is given in Table II. 

Comparisons between the group of patients who had 
preterm labor and those who had term labor were done 
with x° analyses. In addition, the relationships between 
cervical status on admission for preterm labor and du- 
ration of symptoms were determined by analyzing the 
correlation coefficient. 


Results 


The odds ratio and significance levels for the nine 
categories of signs and symptoms are detailed in Table 
II. The signs most frequently reported by women with 
the diagnosis of preterm labor were uterine contrac- 
tions (71%), pelvic pressure (50%), backache (47%), 
increased amount of vaginal discharge (45%), and 
menstrual-like cramps (48%). Of the 71 subjects with 
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preterm labor who perceived the presence of contrac- 
tions, 26 (37%) reported them at a frequency of less 


than five contractions per hour. Although pelvic pres- - 


sure and backache were more frequently reported by 
women who developed preterm labor, the differences 
were not significant. However, when asked to charac- 
terize these symptoms as constant or intermittent, the 
difference became significant. Women with preterm la- 
bor felt constant pelvic pressure and constant backache 
more often than their counterparts who labored at term 
(Table III). 

Although uterine contractions were the most fre- 
quently encountered symptom in women who devel- 
oped preterm labor, of special interest is the fact that 
almost a third of these women did not report any uter- 
ine contractions. Of those patients with contractions or 
menstrual cramps who were asked if they would 
characterize them as painful, only 55% felt pain 
with contractions and 53% with menstrual cramps. 
Nineteen percent reported neither contractions nor 
menstrual-like cramps, and 15% reported no contrac- 
tion, menstrual-like cramps, or abdominal intestinal 
cramps. Only two of the women who developed pre- 
term labor reported none of the nine symptoms. 

The durations of certain symptoms that were found 
to be significantly more frequent with preterm labor 
were correlated with cervical status on admission for 
women with preterm labor. None of these relationship 
were significant. ` 

As shown in Table IV, previous labor experience had 
no effect on frequency with which symptoms were re- 
ported by women in preterm labor. The multiparous 
women more frequently reported diarrhea, but the 
numbers were small and the clinical significance of this 
observation is questionable. In addition, there was no 
significant difference between multiparous and nullip- 
arous women in the time interval] between onset of 
symptoms and presentation for medical evaluation 
(mean time interval, 166.9 + 185.98 hours and 
159.1 + 215.11 hours, respectively). ' 


Comment 


In recent years there has been an increased emphasis 
on the need to establish the diagnosis of preterm labor 
early.'® Because many of the warning signals are very 
subtle, several investigators established preterm birth 
prevention programs that focused on patient and staff 
education regarding the signs and symptoms of pre- 
term labor. Many of these programs were successful, 
but the frequency with which these signs and symptoms 
were encountered and their discriminatory values have 
never before been established. In an attempt to analyze 
our data further, we calculated the sensitivities, speci- 
ficities, and predictive values for the eight signs and 
symptoms most significantly associated with preterm 
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Table I. Question list of signs and symptoms 





Uterine contractions 
Frequency 
Associated with pain 
Menstrual cramps 
Associated with pain 
Adbominal-intestinal cramps 
Backache 
Constant or intermittent 
Diarrhea 
Change in vaginal discharge 
Amount 
Consistency 
Color 
Change in urinary habits 
Frequency 
Burning sensation 
Change in frequency of fetal movement 





Table II. Characteristics of cases and controls 





Preterm labor Term labor 
(n = 100) (n = 100) 
Age. (yr) 26.03 + 5.97 26.61 + 33 
Gestational age 30.82 + 3.72 29.82 + 4.11 
(wk) 
Nulliparous . 52 | 41 
Twins 12 3 
Previous preterm 19 12 
labor 
Previous preterm 17 10 
birth 


Values represent mean + SD. 


labor (Table V). Itis evident that all eight have excellent 
positive predictive values in excess of 80%. This would 
thus indicate that. the appropriate response to com- 
plaints that include any of the above characteristics in 
patients known to be at high risk of preterm labor is a 
prompt evaluation to rule out the presence of preterm 
labor. Conversely, the data in Table V also indicate that 
the sensitivities for all symptoms, except contractions, 
are below 50%; thus relying only on the presence of 
signs and symptoms may help identify fewer than half 
the patients who ultimately have preterm labor. 

A potentially significant limitation of retrospective 
questioning as done in this study cannot be ignored. 
Patients who have been diagnosed as having preterm 
labor and those who are at risk for this condition may 


.be more likely to recall the presence of signs and symp- 


toms of preterm labor than those women who have 
normal gestations. Furthermore, retrospective report- 
ing of symptoms and signs in response to questioning 
is not identical to prospective, patient-initiated report- 
ing. It can be expected that further decline in sensitivity 
would occur in a prospective study. This is primarily 
because pregnant women are more likely to be dis- 
tracted in the out-of-hospital environment. Further- 


1152 Katz, Goodyear, and Creasy May 1990 
Am J Obstet Gynecol 


Table III. Cases and control subjects: Presence and significance of symptoms 








Cases Controls Odds 
(No./100) (No./100) ratio xX Significance 
Uterine contractions 71 5 46.52 82.12 * 
Every 10 minutes or more frequent 45 0 <5 — — 
l-4 per hour 20 3 21.84 
Every few hours 6 2 9.83 
Menstrual cramps 43 5 14.33 37.53 * 
Abdominal-intestinal cramps 17 2 10.04 11.40 * 
Backache 47 20 
Constant 25 l 37.74 25.38 * 
Intermittent : 22 19 <5 — — 
Pelvic pressure 50 34 
Constant 20 3 8.8 13.06 * 
Intermittent 30 31 <5 — ' aie: 
Vaginal discharge 
Increased amount 45 8 9.58 33.83 * 
Decreased amount 1 0 <5 — — 
Increased consistency 28 4 10.61 22.39 t 
Decreased consistency 10 : 2 7.58 6.96 t 
Change in color 34 4 12.36 27.32 + 
Urinary habits i 
Increased frequency 25 4 8.0 16.13 * 
Decreased frequency 0 0 — — 
Burning sensation 6 l 6.32 2.37 * 
Fetal movement 
Increased movement 15 5 <5 — — 
Decreased movement 1] 3 <5 — — 
Diarrhea il 3 <5 — — 
Statistical analyses are noted only for odds ratio =5. 
*p < 0.01. 
tp < 0.05. 


Table IV. Comparison of 52 nulliparous and 48 multiparous women in preterm labor: presence 
of symptoms 


















No. of 
nulliparous 
women 


No. of 
multiparous 
women 








Number of cases 52 48 
Uterine contractions 37 34 1.08 0.03 NS 
Menstrual cramps 21 22 0.80 0.01 NS 
Abdominal/intestinal cramps l1 6 1.88 | 0.80 NS 
Backache 23 24 0.79 0.14 NS 
Constant backache 12 13 0.81 0.0054 NS 
Pelvic pressure 26 24 1.00 0.04 NS 
Constant pelvic pressure 12 8 1.5 0.31 NS 
Vaginal discharge change 21 25 0.62 0.96 NS 
Urmary habits change 10 15 0.52 1.36 NS 
Change in fetal movement 14 12 1.11 0.000085 NS 
Diarrhea 2 9 0.17 4.3 * 
*p < 0.05. 


Table V. Sensitivities, specificities, and predictive values of signs and symptoms 























































Constant | Vaginal Vaginal 
Menstrual | Intestinal | Constant pelvic discharge | discharge Urinary 
Contractions cramps cramps backache | pressure amount color frequency 


Sensitivity 0.71 0.43 0.17 0.25 0.20 0.45 0.34 0.25 
Specificity 0.95 0.95 0.98 0.99 0.97 0.92 0.96 0.96 
Positive predictive value 0.93 0.89 0.96 0.87 0.85 0.89 0.86 0.86 


Negative predictive value 0.77 0.62 0.57 0.57 0.55 0.62 0.59 0.56 
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more, many practitioners and patients often regard 
some of the aforementioned signs and symptoms as a 
normal occurrence during pregnancy. It is for these 
reasons that the educational prevention program re- 
ported initially by Herron et al.! emphasized the im- 
portance of weekly patient contact for repeated review 
and questioning of patients about their signs and symp- 
toms of preterm labor. 

Of note is our inability to correlate duration of symp- 
toms with cervical status on admission. Again, this is an 
observation that could be affected by a recall bias. Pa- 
tients who were admitted with advanced cervical dila- 
tation may be reluctant to report that certain signs or 
symptoms were present, but apparently ignored, for a 
long period of time. In addition, many of the symptoms 
may appear so subtly that the patient simply cannot 
identify a definite starting point. 

A relatively common question directed at patients 
who may be experiencing early preterm labor is 
whether they have either “pain,” “painful contraction,” 
or “labor pains.” All too often clinicians make important 
decisions in regard to preterm labor based on maternal 
perception of discomfort. However, our data seem to 
indicate that almost half of our patients who did per- 
ceive the presence of contractions or cramps in asso- 
ciation with preterm labor did not characterize them as 
painful. We would therefore suggest that the anamnes- 
tic value of pain in relationship to preterm labor is 


relatively limited. Clinicians should probably focus . 


more on the presence of contractions and their fre- 
quency rather than the pain, which may or may not be 
present. 
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Many obstetricians encounter patients who may have 
one or more of the previously mentioned “signs of pre- 
term labor” yet have no objective evidence of progres- 
sive preterm labor. It is therefore important to stress 
that this study did not evaluate use of the signs and 
symptoms as a diagnostic tool, nor do the data suggest 
that they should be used for diagnosis. However, the 
data do indicate that these may be of value in using the 
report of early signs and symptoms by the patient as a 
screening tool to initiate an evaluation for the presence 
of preterm labor, realizing that they may exist even in 
the absence of a pathologic event. 

Although these signs and symptoms can be used clin- 
ically to help manage patients at risk for preterm labor, 
they probably cannot be the only form of surveillance 
for these patients because preterm labor is completely 
asymptomatic in a significant proportion. 
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Increasing quantity of maternal immunoglobulin G in 
trophoblastic tissue before the onset of normal labor 


James W. Akin, MD, Wayne B. Conover, MD, and Paul D. DePriest, MD 


Lexington, Kentucky 


While levels of maternal immunoglobulin G (IgG) increase in the fetal circulation during the third trimester, 
actual trophoblastic concentrations have not been extensively studied. To investigate this process, 
placentas from 71 patients with gestational ages between 26 and 42 weeks were examined by means of a 
peroxidase-antiperoxidase immunostaining technique specific for IgG. Linear regression revealed a 
significant increase in antibody with advancing gestational age (r = 0.36, p < 0,01). In addition, placentas 
from patients in spontaneous term labor revealed a significantly higher antibody level when compared with 
those of patients at term delivered electively before the onset of labor (mean + SEM 2.6 + 0.2 vs 

1.7 + 0.3, p < 0.02). Patients in premature labor failed to demonstrate this increase in antibody staining. 
One possible explanation for these findings is an enhanced recognition of the fétal trophoblastic tissue by 
the maternal immune system at term. It also suggests immunologic factors may play an important role in 
the initiation of normal labor. (AM J OssteT Gynecot 1990;162:1154-7.) 


Key words: Pregnancy, labor, immunoglobulin, IgG, preeclampsia 


Placental transfer of immunoglobulin G (IgG) from 
mother to fetus increases significantly after 32 weeks’ 
gestation.' Examination of cord blood at the time of 
delivery reveals the overwhelming majority of IgG to 
be of maternal origin.’ This selective transport of IgG 
is secondary to a specific trophoblastic receptor for the 
Fc portion of the IgG molecule.” 

Although several investigators have measured fetal 
serum immunoglobulins, very few studies have directly 
evaluated placental antibody levels during the third 
trimester. On the basis of fetal levels, one would expect 
to find increased levels of placental IgG with advancing 
gestational age. To investigate this hypothesis, we stud- 
ied trophoblastic IgG concentration in placentas deliv- 
ered throughout the third trimester of pregnancy. 


Material and methods 


Immediately after delivery, a placental tissue sample 
was obtained from a central cotyledon and fixed in 10% 
formalin. The tissue was then embedded in paraffin, 
sliced with microtome, and placed on a glass slide. The 
paraffin was removed by incubating the slide at 60° C 
for 30 minutes followed by immersion in a xylene bath. 
The tissue was then rehydrated in ethanol. After ex- 
posure to 3% hydrogen peroxide to block endogenous 
peroxidase activity, the slides were rinsed after this and 
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all remaining steps in a 0.05 mol/L Tris buffer 
bath. The tissue was next incubated in normal swine 
serum to block nonspecific protein binding. The slides 
were then incubated in rabbit antihuman IgG fol- 
lowed by swine antirabbit immunoglobulin. Horser- 
adish peroxidase—rabbit antihorseradish peroxidase 
complex (PAP) was added to the slides and incubated. 
Hydrogen peroxide was placed on the slides and re- 
sulted in a red color at the sites of antibody attachment. 
Finally, all slides were counterstained with Mayer's he- 
matoxylin (Dako PAP Kit, Dako Co., Santa Barbara, 
Calif.). 

All tissue samples were examined under a micro- 
scope by three independent observers and the amount 
of staining was quantified on a scale from 0 to 4 on the 
basis of the most heavily stained region. No information 
as to the clinical condition or gestational age of the 
patient was available to the investigator. The results of 
the three individual values were then averaged for each 
placental sample. : 

Chronologic data were evaluated by linear regres- 
sion. Group data were compared by analysis of vari- 
ance. Statistical analysis was performed by means of 
Statgraphics (Statistical Graphics Corporation, Rock- 
ville, Md.). 


Results 


Seventy-one placentas were studied, with gestational 
ages ranging from 26 to 42 weeks. Thirty-three pla- 
centas were from patients with premature delivery 
(<37 weeks), 24 of whom were in spontaneous pre- 
mature labor. The other 9 patients were delivered be- 
cause of fetal or maternal complications of pregnancy. 
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Fig. 1. Mean trophoblastic IgG levels throughout the third trimester, (Asterisk indicates a significant 


change from the prior baseline with p < 0.01.) 


Of the 38 term deliveries, 17 were collected from pa- 
tients before the onset of labor at the time of a repeat 
cesarean section. Thirteen of the 71 placentas were 
from patients with preeclampsia. 

Linear regression demonstrated a significant increase 
in placenta antibody concentration with advancing ges- 
tational age (r = 0.36, p < 0.01). When compared with 
prior gestational ages, a significant rise in antibody con- 
centration was seen at 31 weeks’ gestation (p < 0.01) 
with a second significant rise at 40 weeks’ gestation 
(p < 0.01) (Fig. 1). 

When term placentas from patients in spontaneous 
labor were compared with those from patients deliv- 
ered electively before the onset of labor, the laboring 
patients demonstrated a significantly higher level of 
antibody staining. The staining score was 2.6 + 0.2 
(mean + SEM) for placentas from patients in labor and 
1.7 + 0.3 for those not in labor (p < 0.02) (Fig. 2). 
There was no significant difference in the mean ges- 
tational age between the two groups (39.4 + 0.3 vs 
38.8 + 0.3). 

There was no statistically significant difference in the 
amount of trophoblastic IgG in patients with preterm 
labor (1.7 + 0.2) when compared with those patients 
delivered preterm for fetal or maternal indications 
(1.8 + 0.4). Further, the presence of preeclampsia did 
not affect the quantity of immunoglobulin detected. 
Those with preeclampsia demonstrated an average 
staining score of 2.0 + 0.3 while those without had an 
average score of 2.0 + 0.1 (Fig. 2). 


Comment 


It is well established that maternal IgG antibody 
crosses the placental barrier during pregnancy.' Al- 


though temporary, this passive immunity allows the 
newborn to deal with pathogens to which it has had no 
prior exposure. The mechanism of this transfer is both 
complex and selective. 

Utilizing immunoelectron microscopic localization, 
Lin * has demonstrated that immunoglobulins are in- 
corporated into vesicles within the syncytiotrophoblasts 
by endocytosis. The vesicles then fuse with lysosomes 
where enzymes degrade most of the nonimmunoglob- 
ulin protein. After migrating through the cytoplasm, 
these phagolysosomes fuse with the basal membrane 
and discharge their contents into the extracellular 
space. The immunoglobulins travel through the inter- 
stitium by direct diffusion and enter the fetal vascular 
compartment through interendothelial gaps. 

This transfer of the immunoglobulins is very selec- 
tive. The binding sites on the syncytiotrophoblastic 
membrane are specific for the Fc portion of the IgG 
molecules. They are further restricted to IgG mono- 
mers and will not bind aggregated IgG or IgG-antigen 
complexes.” Further, antibodies directed at fetal tissue 
that might result in a graft-versus-host response are 
either not bound by trophoblastic receptors or trapped 
within the placenta before they can reach the fetal cir- 
culation.’ 

The transplacental passage of IgG also is affected by 
gestational age. Although Fc receptors can be dem- 
onstrated on trophoblastic tissue early in gestation, little 
maternal antibody can be demonstrated within the pla- 
centa until the second half of pregnancy.’ Sidiropou- 
los et al.' demonstrated that maternal infusion of IgG 
reached the fetal circulation much more rapidly after 
32 weeks’ gestation. This is also consistent with data 
demonstrating that cord IgG levels increase from ap- 
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Fig. 2. Trophoblastic IgG levels compared in patients with and without term labor, preterm labor, 
and preeclampsia. (Asterisk indicates a significant difference with p < 0.05.) 


proximately 400 mg/100 ml at 32 weeks to 1200 
mg/100 ml at term.’ 

The present study demonstrates that maternal IgG 
levels within the placenta also increase significantly 
throughout the third trimester. In addition, the data 
exhibit an abrupt and significant increase in placental 
IgG at 32 weeks’ gestation. This finding compares fa- 
vorably with the transmission of infused immunoglob- 
ulins reported by Sidiropoulos et al.! The timing of this 
increase in placental transfer is consistent with many 
of the other fetal systems that are beginning to mature 
in preparation for existence in an extrauterine envi- 
ronment. 

Previous studies have also suggested an altered im- 
mune response to trophoblastic tissue in the pathogen- 
esis of preeclampsia. The increased occurrence of this 
condition with exposure to paternal antigens for the 
first time certainly suggests an immunologic process. 
While Vardi and Halbrecht® were able to demonstrate 
an increase in the number of antibodies present in the 
placentas of patients with preeclampsia, we were unable 
to demonstrate any such association. 

An unexpected observation in the present study was 
the finding of a second significant rise in placental an- 
` tibody at approximately 40 weeks’ gestation. Its possible 
relationship to labor prompted a comparison of pa- 
tients at term who were delivered of their infants elec- 
tively before the onset of labor and those delivered after 
the spontaneous onset of labor. Although there were 
no significant differences in the gestational ages be- 
tween the two groups, those patients experiencing 
spontaneous labor had significantly higher levels of pla- 
cental antibody. 

This second increase in immunoglobulin concentra- 
tion could simply reflect a later phase of increased im- 


munoglobulin transmission to the fetus. More impor- 
tant, it might indicate an enhanced recognition of pla- 
cental antigens by the maternal immune system. This 
suggests that increased immunologic recognition may 
play a role in the initiation of parturition. 

In contrast to term patients, women in premature 
labor did not show this same effect when compared 
with patients delivered of their infants prematurely for 
maternal or fetal indications. This is consistent with 
current concepts that suggest premature labor is due 
to nonphysiologic events such as infection or uterine 
overdistention as is seen in cases of multiple gestation 
and polyhydramnios. 

The placenta is normally a privileged organ from the 
standpoint of tissue rejection. While systemic immu- 
nosuppression has been proposed as a possible mech- 
anism, the maternal ability to recognize and reject pa- 
ternal antigens distant from the placental site suggests 
that local factors are more important.’ One factor that 
may prevent immune system recognition is the absence 
of major human leukocyte antigen markers on the syn- 
cytiotrophoblastic membrane in contact with the ma- 
ternal vascular space.” More recently, Daya et al." 
have demonstrated that decidua-associated lympho- 
cytes elaborate a factor that blocks the action of inter- 
leukin 2. This compound, which is normally produced 
by T-helper cells in response to an antigen, results in 
the activation of cytotoxic T lymphocytes. It appears 
that these decidua-associated lymphocytes may be ac- 
tivated to release their suppressing factor by the tro- 
phoblastic tissue itself. 

A suppressive agent also is found within the placenta 
and appears to be a trophoblast-associated IgG. Voisin 
and Chaouat™ have demonstrated that IgG eluted from 
placentas in mice specifically enhance the growth of 
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tumors syngeneic to the paternal strain. More impor- 
tant, there is evidence that purified placentally derived 
IgG suppresses mixed lymphocyte reactions between 
individuals unrelated to either parent. These studies 
suggest that IgG molecules associated with trophoblas- 
tic tissue have the potential to directly modulate an- 
tiembryonal immune reactivity. 

While the vast majority of trophoblastic antibody is 
maternal in origin, fetal immunoglobulins also can be 
observed within the interstitial spaces of the placenta.® 
These fetal immunoglobulins appear to be deposited 
on the basement membrane as antibody-antigen com- 
plexes, suggesting a possible protective role initiated by 
the fetal immune system. 

Whatever suppressive factors are involved, an alter- 
ation of this system near term might well result in the 
increased recognition of trophoblast tissue by the ma- 
ternal immune system. Perhaps the simple process of 
placental aging exposes an excessive number of anti- 
gens to the maternal circulation so that the various 
protective factors can no longer maintain a privileged 
association. The result would be immunorejection sim- 
ilar to that seen in allograft transplantations. The re- 
sponse might be similar to that experienced by patients 
with recurrent pregnancy loss as a result of alloimmune 
incompatibility. Whatever the initiating event, the in- 
evitable outcome would be termination of the preg- 
nancy. 

In summary, this study demonstrates that maternal 
IgG can be easily and reliably demonstrated within tro- 
phoblastic tissue as early as 26 weeks’ gestation. The 
quantity of IgG increases with gestational age with 
abrupt increases occurring at 32 weeks’ gestation and 
again at term. Neither preeclampsia nor premature la- 
bor affected the quantity of antibody present. There 
was, however, a significantly greater quantity of im- 
munoglobulin present in placentas of patients experi- 
encing spontaneous labor at term when compared with 
patients delivered electively by repeat cesarean section. 
This suggests a possible humoral mechanism for the 
initiation of labor in some patients. 
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Changes in hemostasis activity during delivery and the 


immediate postpartum period 


‘Francis R. Gerbasi, CRNA, PhD, Sidney Bottoms, MD,” Abdelmonem Farag, MD," and 


Eberhard F. Mammen, MD’ 
Detroit, Michigan 


Postpartum deep vein thrombosis is believed to be related to increased activation of the hemostasis 
system at the time of delivery. To date, studies designed to test this hypothesis have had relatively small 
sample sizes or used the measurement of specific coagulation factors and functional tests reflecting 
hemostasis activity in vitro. With the use of recent technologic advances we determined the effect of 
delivery on hemostasis in vivo by measuring 11 hemostatic indices simultaneously in 70 healthy pregnant 
women. Significant increases were found in fibrinopeptide A (p < 0.001), B-thromboglobulin (p < 0.001), 
and platelet factor 4 (p < 0.001), suggesting maximum platelet activation and fibrin formation at the time 
of delivery. In addition to continued clotting activity at 3 hours post partum, increased D-dimer, fibrin- 
fibrinogen degradation products, and decreased a,-antiplasmin levels suggest maximum fibrinolysis. These 
changes reflect a peak in hemostatic activity at delivery and in the immediate postpartum period that may 
predispose the development of deep vein thrombosis. (Am J OssteT GYNECOL 1990;162:1158-63.) 


Key words: Delivery, hemostasis, coagulation 


Activation of the hemostasis system is suspected at 
the time of delivery. and may relate to the increased 
incidence of deep vein thrombosis during the postpar- 
tum period.'? To date, we have little evidence to sup- 
port this hypothesis because previous studies have had 
small sample sizes, various sampling times, and mea- 
sured specific coagultion factors (e.g., fibrinogen) or 
functional tests (e.g., prothrombin times), which pri- 
marily reflect hemostatic activity ‘in vitro. 

Previous evidence in support of hemostasis activation 
during delivery may be inferred by decreases in platelet 


counts, fibrinogen, factor VIII, and plasminogen." °° 


However, a decrease in the plasma concentration of a 
coagulation factor may be because of changes in pro- 
duction or consumption. Hellgren et al.* found an in- 
crease in fibrinopeptide A, an end product of coagu- 
lation activation, at the time of delivery. However, they 
sampled only nine women. Gilabert et al.” measured 
various hemostatic indices during delivery, but sampled 
different women at each time point and measured ei- 
ther a specific coagulation factor or used functional 
tests reflecting hemostatic activity in vitro. Recently, Stir- 
ling et al.? measured a range of hemostatic variables 
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during pregnancy and post partum. However, no sam- 
ples were drawn during delivery and the time of the 
postpartum sample varied from 6 hours to 4 days. 

Recent technologic advances make it possible to 
measure specific molecular markers of the hemostatic 
system. These markers detect clotting (fibrinopeptide 
A), fibrinolysis (fibrin-fibrinogen degradation prod- 
ucts, D-dimer), and platelet activation (platelet factor 
4, B-thromboglobulin). An increase in these markers 
reflects activation of the hemostatic system in vivo and 
suggests a predisposition to thrombus formation.® 7 ® 
To date, no study has assessed hemostasis activity with 
the use of these markers in a simultaneous systematic 
manner. Therefore we measured these markers to de- 
tect hemostatic activity on the basis of the hypothesis 
that delivery is associated with an increased activation 
of the hemostatic system. 


Material and methods 


Seventy healthy parturients at term who were ad- 
mitted to Hutzel Hospital for delivery, participated in 
the study. Approval was obtained from the Human 
Investigation Committee, Wayne State University, and 
consent was given by each patient for blood to be taken. 
All women were in spontaneous labor and delivered 
healthy full-grown infants. None of the women had 
excessive postpartum bleeding, and clinical signs and 
symptoms of venous thrombosis did not develop. 
Women with a complicated pregnancy (e.g., preeclamp- 
sia), taking anticoagulants (including aspirin), receiving 
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agents to produce spinal, epidural, or general anesthe- 
sia, having a cesarean section, or who came to the hos- 
pital with a bleeding problem were excluded from the 
investigation. A predelivery interview and chart data 
were used to obtain details with regard to ethnic origin, 
date of birth, previous pregnancies, cigarette smoking, 
weight, and current drugs taken (Table I). In addition, 
independent variables that occurred during the time 
course of the study, such as blood loss with delivery, 
medications administered, time between delivery of the 
infant and placenta, and the neonates’ birth weight and 
Apgar scores, were recorded (Table I). 

The study was longitudinal in design and consisted 
of five blood samples obtained from the same patient 
at the following time periods: (1) active phase of labor 
(3 to 10 cm cervical dilation); (2) delivery, immediately 
after placental separation; (3) 3 hours post partum (+1 
hour); (4) 24 hours post partum (+4 hours); and (5) 
36 to 48 hours post partum. 

A 15 ml blood sample was drawn by venipuncture 
with the use of a 19 gauge butterfly needle. The first 
3 ml of blood was discarded; the remaining 12 ml was 
divided immediately into three tubes. A total of 
5 ml of blood was transferred to a tube containing 
0.5 ml of 6.8% procaine hydrochloride, 0.025% 2- 
chloroadenosine hydrochloride, 0.15% theophylline, 
ethylenediaminetetraacetic acid (EDTA), Trasylol, and 
buffer solution (Mallinckrodt, St. Louis, Mo.) for ra- 
dioimmunoassays. A total of 4 ml was placed in a second 
tube containing 0.4 ml of 3.8% citrate for assay clotting 
parameters. The remaining 3 ml was placed in a split 
product tube containing thrombin plus soybean trypsin 
inhibitor (Baxter-Dade, Miami, Fla.). The first two sam- 
ples were placed immediately in an ice bath and cen- 
trifuged at 2000 g for 30 minutes at 4° C; the plasma 
was separated, transferred in small aliquots into plastic 
tubes, and frozen immediately at —70° C. The third 
blood sample for fibrin-fibrinogen degradation prod- 
uct assays was incubated initially for 30 minutes at 37° 
C and then handled as the first two specimens. 

The hemostatic parameters were measured by ana- 
lytic techniques listed in Table II. Radioimmunoassays 
were performed with an Abbott ANSR automated 
gamma counter (Abbott Laboratories, North Chicago, 
Ill.). The chromogenic and turbidimetric analyses used 
` a Multistat III centrifugal analyzer (Instrumentation 
Laboratory, Lexington, Mass.). Hemoglobin concentra- 
tion and hematocrit were measured on an ELT/8/ds 
(Ortho Diagnostic Instruments, Westwood, Mass.). 

Multivariate analysis of variance for repeated mea- 
sures was used for analysis of parturition. A two-tailed 
test (p < 0.02) was used to minimize error related to 
multiple comparison problems. A power analysis was 
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Table I. Characteristics of sample group and 
intrasampling variables (n = 70) 


Sample group 


Age (years) 2645 
Gravidity (No.) Sit 2 
Parity (No.) 14+ 1.5 
Weight (kg) 75 +15 
Ethnicity (%) 

- Black 86 

White f 14 
Weeks’ gestation (No.) 40] 
Smokers (%) 33 

Intrasampling variables 

Labor sample 

Cervical dilation (cm) 5+ 1.8 
Delivery sample 

Estimated blood loss (ml) 302 + 109 

Time for third stage (minutes) 6.5 + 5 
Neonates 

Birth weight (gm) 3260 + 435 

l-minute Apgar score 8.2 + 0.6 

5-minute Apgar score 9.0 + 0.1 





All values are expressed as mean + | SD. 


accomplished on the basis of univariate comparisons 
(ie., Student ¢ test). A power of >0.8 to detect a dif- 
ference of 0.5 SD was obtained by the use of 70 subjects. 
Correlation analysis was used to examine associations 
between different variables (i.e., hemostasis markers, 
smoking, blood loss, ethnicity, age). 


Results 


Platelet function assessed by platelet counts, 
mean platelet volumes, platelet factor 4, and 
B-thromboglobulin levels is shown in Table III, The 
mean platelet counts decreased slightly at the time of 
placental delivery. After this decrease a gradual in- 
crease was noted in the postpartum period. These dif- 
ferences suggest the platelet counts change during 
parturition (p <0.05). Inasmuch as we considered a 
p < 0.02 as significant, the changes were not statistically 
different. During parturition a significant change in 
mean platelet volumes was seen. This was reflected by 
smaller mean platelet volumes post partum, as com- 
pared with labor values. Also, an increase in platelet 
factor 4 and 8-thromboglobulin occurred at the time 
of placental delivery and at 3 hours post partum. At 
24 and 48 hours post partum the levels of these markers 
had decreased and were similar to those obtained dur- 
ing labor. ; 

The levels of fibrinogen, antithrombin III, as 
antiplasmin, fibronectin, hemoglobin, and hematocrit 
during parturition are shown in Table IV. No signifi- 
cant changes were seen in fibrinogen and fibronectin 
during parturition. However, a significant decrease in 
the levels of antithrombin III and a,-antiplasmin was 
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Table II. Methods used for hemostatic assays 


Parameters 


Platelet activity 
Platelet factor 4 


Analytic technique 


Platelet factor 4, radioimmunoassay diag- 


May 1990 
Am ] Obstet Gynecol 


Normal range* 


0-10 ng/ml 


nostic kit (Abbott Laboratories, North 


Chicago, Ill.) 
6-Thromboglobulin radioimmunoassay kit 


8-Thromboglobulin 


14-36 ng/ml 


(Amersham, Arlington Heights, Ill.) 


Platelet counts and volumes 


Coagulation activity 
Fibrinopeptide A 


Baker 810 automated platelet counter 
(Baker Instruments, Allentown, Penn.) 


Radioimmunoassay Quant fibrinopeptide 


150-400 x 10°/mm*} 6.5-7.5 p” 


<10 ng/ml 


A test kit (Mallinckrodt, St. Louis, Mo.) 


Antithrombin III 


Kabi chromogenic substrate S-2238 (Hel- 


75%-120% 


ena Laboratories, Beaumont, Tex.) 


Fibronectin 


Turbidimetric immunoassay (Boehringer 


200-350 pg/ml 


Mannheim, Indianapolis, Ind.) 


Fibrinogen 


Pacific hemostasis fibrinogen assay kit 


250-400 mg/dl 


(Bakersfield, Calif.) 


Fibrinolytic activity 
a,-Antiplasmin 


Chromogenic substrate S-2251 (Helena 


80%-120% . 


Laboratories, Beaumont, Tex.) 


D-dimer 


Agglutination test for detection of cross- 


<200 ug/ml 


linked fibrin derivatives (Baxter-Dade, 


Miami, Fla.) 
Fibrin-fibrinogen degradation products 


Dade fibrin-fibrinogen degradation prod- 


<10 pg/ml 


ucts detection set (Baxter-Dade, 


Miami, Fla.) 


*Indicates the normal nonpregnant range seen in our laboratory. 


{The coefficient of variance is 3.7% (SD = 13,000). 


Table III. Platelet parameters during labor, delivery, and post partum 


Placenta 
Factor Early labor delivery 3 Hours 24 Hours 48 Hours p Value 
225 + 235 + 


Platelet counts 230 + 220 + 60 <0.05 
(x 103/mm/3) 

Platelet volumes 8.8 + 1.1 8.8 + 1.0 8.5 + 1.0 8.6 + 1.1 8.4 + 1.0 <0.001 

3 

Platelet factor 4 35 + 34 68 + 84 64 + 127 35 + 42 33 + 30 <0.01 
(ng/ml) 

6-Thromboglobulin 80 + 53 130 + 121 106 + 95 70 + 60 70 + 55 <0,001 
(ng/ml) 





All values are expressed as mean + 1 SD; p < 0.02 significant. 


, seen during parturition and post partum. Both de- 
creased to their lowest levels at 3 hours post partum 
followed by a steady increase. In contrast, hemoglobin 
and hematocrit decreased at 24 hours post partum 
from labor values. 

The plasma levels of end products of kehoni 
activation (fibrinopeptide A, D-dimer and fibrin- 
fibrinogen degradation products) are shown in Table 
V. Compared with labor values, fibrinopeptide A in- 
creased at the time of placental delivery and remained 
elevated for 3 hours post partum. Similar changes 
from labor values were noted in D-dimer and fibrin- 
fibrinogen degradation products. All decreased 24 and 
48 hours post partum and returned to levels similar to 
labor values. 

Correlation analysis did not identify any significant 





associations between different variables such as blood 
loss during delivery, smoking, or centimeters of cervical 
dilation during labor. 


Comment 


Our results suggest a marked increase in platelet ac- 
tivation immediately after placental delivery and for 
the first 3 hours post partum. They are in agreement 
with those of Arocha-Piñango et al° who reported el- 
evated B-thromboglobulin and platelet factor 4 levels 
at the time of delivery. The elevated mean values and 
larger SD of B-thromboglobulin and platelet factor 4 
at delivery and in the immediate postpartum period 
could be attributed to platelet activation in vitro. How- 
ever, all blood samples were collected in a similar man- 
ner and by the same individual. More likely, these re- 
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Table IV. Hemostatic parameters, hemoglobin, and hematocrit during labor, delivery, and post partum 


Placenta 
Factor Early labor delivery 3 Hours 24 Hours 48 Hours 


Fibrinogen (mg/dl) 560 + 140 545 + 152 
Fibronectin (ug/ml) 340 + 165 330 + 145 
Antithrombin III (%) 99 + 10 97 + 10 
a -Antiplasmin (%) 94 + 15 88 + 15 
Hemoglobin (g%) 11.57 +1 — 
Hematocrit (%) 35.33 + 2.6 — 





All values are expressed as mean + 1 SD; p < 0.02 significant. 





p Value 
540 + 148 560 + 137 545 + 165 NS 
315 + 130 310 + 135 320 + 120 NS 
94 + 15 99 + 11 102 + 11 <0.001 
86 + 15 90 + 14 99 + 16 <0.001 
— 10.82 + 1.2 — <0.001 
— 32.77 + 3.0 — <0.001 





Table V. End products of hemostasis activation during labor, delivery, and post partum 





Placenta 

Factor Early labor delivery 
Fibrinopeptide A (ng/ml) 30 + 60 90 + 90 
D-dimer (titer)* 0.09 + 0.3 0.15 + 0.4 
Fibrin-fibrinogen degra- 1.0 + 1.3 14+ 13 


dation products (titer)} 


All values are expressed as mean + 1 SD; p < 0.02 significant. 


70 + 100 35 + 65 40 + 110 <0.001 
0.62 + 1.0 0.14 + 0.5 0.03 + 0.2 <0.001 
2.0 + 1.4 1.5 + 1.5 0.96 + 1.2 <0.001 


*Scaled as 0 = <200, 1 = 200-500, 2 = 500-1,000, 3 = 1,000-2,000 ug/ml. 
+Scaled as 0 = <8, 1 = 8-16, 2 = 16-32, 3 = 64-128, 4 = 128-256, 5 = >256 ug/ml. 


sults reflect a greater variation in the degree of platelet 
activation at the time of delivery among women. 

In the postpartum period we found an increase in 
mean platelet counts. This increase may reflect a com- 
pensatory increase in platelet production or a decrease 
in platelet consumption. The mean platelet volumes 
were not greater during the postpartum period as 
would be expected with increased platelet release from 
the bone marrow. Recent studies have shown that mean 
platelet volumes remain unchanged or slightly elevated 
in compensated states of platelet consumption. Only in 
severe uncompensated states, such as disseminated in- 
travascular coagulation, are platelet volumes markedly 
increased.'* © The slightly elevated mean platelet vol- 
umes shown in our investigation during labor and at 
the time of placental delivery suggest the presence of 
a compensated state of platelet consumption.”® At the 
time of placental delivery, platelets are. most likely con- 
sumed in the process of maintaining hemostasis. This 
would result in a slight decrease in platelet counts. After 
delivery of the placenta and control of bleeding, platelet 
consumption may normalize, resulting in an increase 
in the platelet counts and slightly smaller platelet 
volumes. 

Our data suggest an increase in clotting system ac- 
tivity immediately after placental delivery and for the 
first 3 hours post partum. This is determined on the 
basis of an increase in fibrinopeptide A and corre- 
sponding decreases in fibrinogen and antithrombin III. 
Our results are in agreement with those reported by 
Hellgren et al.*; however, they found no significant con- 
sumption of platelets, fibrinogen, or antithrombin III. 


The larger SD shown in fibrinopeptide A at delivery 
and in the immediate postpartum period is similar to 
the changes noted in the platelet factors, and suggests 
greater variation in coagulation activity among women. 
The increase in clotting activity at the time of partu- 
rition is most likely related to expulsion of the placenta 
and release of thromboplastic substances at the site of 
separation. 

We found fibrinogen and antithrombin IH levels in- 
creased during the first 2 days post partum, but fibri- 
nopeptide A levels decreased to labor values. Our re- 
sults suggest that, compared with the time of delivery, 
coagulation activity decreased during the first 2 days 
post partum. However, it did not return to normal non- 
pregnant values. It has been suggested that an increase 
in clotting activity may predispose the parturient to an 
increased risk of the development of deep vein throm- 
bosis.'? '* Other contributing factors such as injured 
vessel walls or regions of venous stasis most likely in- 
crease this risk. Our current practices of early post- 
partum ambulation decreases the incidence of deep 
vein thromboses by promoting an increase in blood flow 
through the lower extremities. 

Our studies suggest an increase in fibrinolytic activity 
immediately after placental delivery. This seems to 
peak during the first 3 hours post partum. The increase 
in fibrinolytic activity is reflected by an increase in 
fibrin-fibrinogen degradation products, D-dimer levels, 
and a decrease in a,-antiplasmin. It has been postulated 
that during pregnancy a state of compensatory local- 
ized fibrinolysis develops that peaks at the time of de- 
livery and continues in the immediate postpartum 
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Fig. 1. Platelet, coagulation, and fibrinolytic activity in labor, delivery, and post partum. Hemostasis 
activity is on basis of B-thromboglobulin and platelet factor 4 (platelet), ibrinopeptide A (clotting), 
and fibrin-fibrinogen degradation products (fibrinolysis). 


*Scaled to 20% actual. 


period." The large increase in fibrin-fibrinogen deg- 
radation products and the corresponding decrease in 
@,-antiplasmin shown in our investigation suggest that 
the peak in fibrinolytic activity occurs in the first 3 hours 
after delivery. The increase in fibrin-fibrinogen deg- 
radation products may be a result of localized fibri- 
nolysis at the site of placental separation plus systemic 
fibrinogen digestion. Previous studies suggest an in- 
crease in tissue plasminogen activator and a decrease 
in plasminogen activator inhibitor immediately after 
delivery.'® © A placenta specific plasminogen activator 
inhibitor may be the primary source of fibrinolytic in- 
hibition during pregnancy. The binding of a placenta 
specific plasminogen activator inhibitor with plasmin- 
ogen activators may contribute to increased fibrinolytic 
activity seen in the first 3 hours post partum.” This 
increase in fibrinolysis could function to maintain an 
equilibrium between clotting and fibrinolytic activities 
and prevent excessive fibrin formation. It has been pos- 
tulated that some women have a diminished ability to 
activate the fibrinolytic system in the immediate post- 
partum period and therefore are predisposed to an 
increased risk of deep vein thrombosis. A closer look 
at individual values of our study reveals that only a 
small percentage of women did not show a dramatic 
increase in fibrinolytic activity during the first 3 hours 
post partum. It could be speculated that these women 
might have been at risk of development of throm- 
boembolic complications, but clinical signs or symptoms 
of deep vein thrombosis did not develop in any of the 
women in our study during the postpartum period. 


Our results suggest an accelerated state of hemostatic 
activity that appears to peak immediately after placental 
delivery and for the first 3 hours post partum (Fig. 1). 
The peak in clotting and platelet activity seems to occur 
immediately after placental delivery, whereas the peak 
fibrinolytic activity is seen during the first 3 hours post 
partum. This is followed by a gradual decrease in he- 
mostatic activity during the first 48 hours post partum. 
The difference in clotting and fibrinolytic activity at the 
time of parturition may be a normal mechanism that 
the body uses to ensure maximum coagulation at the 
time of delivery and prevent excessive clotting during 
the postpartum period. In women with abnormal con- 
ditions, such as preeclampsia or varicose veins, the 
marked increase in hemostasis activity at the time of 
parturition may place them at an increased risk of de- 
velopment of a bleeding tendency or a deep vein 
thrombosis during the postpartum period. This may 
help explain the higher incidence of deep vein throm- 
bosis during the postpartum period, as compared with 
the late phase of pregnancy. 
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Postpartum Budd-Chiari syndrome with prolonged - 


hypercoagulability state 


Y. Ilan, MD, R. Oren, MD, and D. Shouval, MD 
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Budd-Chiari syndrome after pregnancy is an extremely rare disease. Reported here is a case of 
postpartum Budd-Chiari syndrome with unusual features of prolonged hypercoagulability state. The 
disease occurred 2 weeks after delivery and despite massive anticoagulation treatment the patient 
developed severe hepatic vein occlusion, renal vein thrombosis, inferior vena cava thrombosis, and 
femoral artery thrombosis. (Am J Osstet GYNECOL 1990;162:1164-5.) 


Key words: Budd-Chiari syndrome, hypercoagulability, post partum 


The first cases of Budd-Chiari syndrome were de- 
scribed 90 years ago. Since then many reports have 
appeared in the literature. Few cases have been re- 
ported, however, concerning the occurrence of hepatic 
vein occlusion after delivery.' We report an unusual 
case of Budd-Chiari syndrome that developed after 
pregnancy and was manifested by a severe and pro- 
longed hypercoagulability state despite massive anti- 
coagulation treatment. 


Case report 


A 29-year-old patient was admitted because of severe 
ascites and edema 3 weeks after her third delivery. The 
patient had no history of previous liver disease and 
received no blood transfusion, oral contraceptives, or 
any other medications on a regular basis. Her previous 
two deliveries were normal with no complications. In 
week 35 of her third pregnancy she had developed 
preeclampsia. Labor was induced in week 38 and she 
gave birth to a normal infant in an uneventful delivery. 

About 14 days after delivery she noticed a gradual 
swelling of the abdomen, pain in the epigastrium, and 
severe weakness. A few days later the leg edema re- 
curred and the patient was rehospitalized. On physical 
examination her blood pressure was 120/90 mm Hg 
and pulse was 142 beats/min and regular, with no fever 
or jaundice. She had diffuse ascites. Her liver was pal- 
pated 2 cm below the costal margin and the spleen was 
inpalpable. She had severe bilateral edema of her legs 
with signs of deep vein thrombosis in her left calf. The 
rest of the physical examination was within normal 
limits. 

Laboratory examination revealed a prothrombin 
time of 63% and fibrogen degradation products of 40 
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wg/dl. Urine examination revealed a blood value +3, 
protein +1, serum urea 19.9 mmol/L, creatinine 225 
mmol/L, cholesterol 2.4 mmol/L, total protein 63 
gm/L, albumin 26 gm/L, bilirubin 40 mmol/L, alkaline 
phosphatase 163 IU, and lactate dehydrogenase 396 
U. Alanine aminotransferase and aspartate amino- 
transferase levels were normal. Blood, urine, and vag- 
inal cultures were all negative. Cryoglobulins, rheu- 
matoid factor, antinuclear factor, and C3 were nega- 
tive. HBsAg and anti-HBs were negative. Examination 
of the ascites fluid revealed a transudate with no de- 
tectable cells. Results of bone marrow aspiration and 
biopsy were within normal limits. The number of pe- 
ripheral blood colony forming units was within normal 
limits. 

A liver and spleen scan showed an enlarged and dif- 
fuse liver and the computed tomography scan showed 
diffuse ascites, hepatomegaly, and enlargement of the 
caudate lobe of the liver. Ultrasound examination 
showed pressure on the inferior vena cava generated 
by the caudate lobe of the liver. Magnetic resonance 
imaging demonstrated diffuse enlargement of the left 
lobe of the liver with severe collapse of the intrahepatic 
veins and the inferior vena cava. Venography revealed 
an elongated thrombus inside the inferior vena cava, 
starting with the common iliac veins and ending at the 
right atrium. The left renal vein was not visualized. A 
pulmonary ventilation perfusion scan was normal. 

Initially the patient was treated with heparin (intra- 


. venous) for 14 days, with improvement of her deep 
` vein thrombosis but with no change in her ascites. After 


the demonstration of the large thrombus in her inferior 
vena cava, continuous local streptokinase infusion into 
the inferior vena cava was started and continued for 
72 hours. Forty-eight hours after termination of the 
procedure, repeated venography showed a patent left 
renal vein and improvement of the flow in the inferior 
vena cava. However, the hepatic veins were not recan- 
alized and repeated experiments during hospitalization 
to inject streptokinase retrogradly to the hepatic vein 
failed. 


Three months after delivery, repeated venography 
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revealed reobstruction of the left renal vein and the 
inferior vena cava with no demonstration of the intra- 
hepatic veins. 

An attempt to reopen the obstructed veins by angio- 
plasty failed. Arteriography was performed. Two hours 
after withdrawal of the arterial catheter, the patient 
developed occlusion of her right iliac artery and an 
iliofemoral bypass was performed. At that stage, a peri- 
toneovenous La Veen shunt was introduced to amelio- 
rate the intractable ascites. 

Six months after delivery the patient still had evi- 
dence of a hypercoagulability state and the LaVeen 
shunt was obstructed. She then underwent a mesoatrial 
shunting operation for correction of the severe portal 
hypertension. Her bilirubin levels, kidney function, and 
ascites improved significantly within 2 weeks after the 
operation. The hypercoagulability state improved tem- 
porarily and the patient required minimal doses of 
anticoagulants as compared to the initial phase of 
her disease. Liver biopsy revealed severe centrilobular 
congestion and dilatation of the sinusoids compatible 
with Budd-Chiari syndrome. 

Eight months after delivery the patient redeveloped 
tense ascites and her kidney and liver functions dete- 
riorated. She developed sepsis with encephalopathy 
and multiorgan failure and died 9 months after de- 
livery. 


Comment 


Budd-Chiari syndrome is characterized by an ob- 
struction of the hepatic-venous outflow. In the past 
30 years there have been few reports of pregnancy- 
induced Budd-Chiari syndrome. Most of these were 
thought to be due to the development of a hyperco- 
agulability state immediately after delivery. * Most pa- 
tients develop symptoms between the fourth day to 
third week after delivery. Treatment with heparin fol- 
lowed by oral anticoagulants has sporadically brought 
improvement, but most patients do not improve sig- 
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nificantly. Most of the reported patients died between 
6 to 12 months after disease onset, although no defin- 
itive data concerning their hypercoagulability state can 
be found in the literature.’ We describe here an unusual 
case of Budd-Chiari syndrome that was clinically di- 
agnosed in a previously healthy woman 2 weeks post 
partum. A search for other causes of her hyperco- 
agulability state did not reveal any evidence of malig- 
nancy. There was also no evidence of a family history 
of hypercoagulability or protein C deficiency. 

Despite massive and prolonged anticoagulation treat- 
ment, the patient’s hypercoagulability state continued. 
All attempts at revascularization, including streptoki- 
nase treatment, angioplasty, and heparin treatment, 
failed. 

The patient described here had an unusually long 
and continuous postpartum hypercoagulability state. It 
may be possible that the deep vein thrombosis of her 
legs that occurred several days after delivery initiated 
or continued the cascade of the prolonged hyperco- 
agulability. 

It seems that the hepatic vein thrombosis occurred 
as a result of extension of pelvic vein thrombosis along 
the inferior vena cava. Despite all attempts, the causes 
of her continuous hypercoagulability were not identi- 
fied, nor did we succeed in delaying the course of this 
severe and rare state. 


We acknowledge the help of Dr. Anthony Verstandig 
and Dr. Meir Shalit. 
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Aneurysm of the vein of Galen: A new cause for 


Ballantyne syndrome 


Steven A. Ordorica, MD, Frances Marks, MD, Faith J. Frieden, MD, 


Iffath A. Hoskins, MD, and Bruce K. Young, MD. 
New York, New York 


Ballantyne syndrome is a condition of multiple causes and is characterized by maternal, placental, and 
fetal edema. We describe the first case of Ballantyne syndrome in a patient whose fetus had 
ultrasonographic demonstration of an aneurysm of Galen’s vein. (AM J OssteT GYNECOL 1990;162:1 166-7.) 
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Aneurysm of Galen’s vein has been diagnosed ultra- 
sonographically in utero.’ These aneurysms appear as 
cystic, nonpulsatile lesions in the midcerebral area. 
Doppler study demonstrates turbulent arterial flow 
within a venous structure. This anomaly can be asso- 
ciated with fetal high-output cardiac failure and hy- 
drops. Although the prognosis is poor, neonatal treat- 
ment includes surgery or embolization. 

Ballantyne’s syndrome, described in 1892, includes 
fetal edema, maternal edema, and placentomegaly. 
Reported causes are rhesus isoimmunization, a- 
thalassemia, congenital heart disease, syphilis, cyto- 
megalovirus, and other viral illnesses.? This is the first 
report of Ballantyne’s syndrome in a patient whose fe- 
tus had an aneurysm of the vein of Galen. 


Case report 


The patient was a 28 years old, para 0-0-1-0. Her last 
menstrual period was May 22, 1987, and estimated date 
of confinement was Feb. 26, 1988, confirmed by early 
ultrasonogram. Her weight was 121 pounds, height was 
5 feet 24% inches, and blood pressure was 100/70 mm 
Hg. Blood type was B positive. Direct and indirect 
Coombs test results were negative, serum a-fetoprotein 
was within normal limits, there was no response to a 
test for syphilis, she was immune to rubella, and uri- 
nalysis was negative. 

Ultrasonogram at 27 weeks demonstrated fetal hy- 
drops and a vein of Galen malformation. Toxoplas- 
mosis, rubella, cytomegalovirus, and herpes simplex 
(TORCH) titers and hemoglobin electrophoresis were 
normal. Amniocentesis indicated a chromosomally nor- 
mal female infant. The patient was treated with di- 
goxin, 0.25 mg orally every day, for fetal indications. 
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At 30 weeks the patient had marked edema. Labo- 
ratory evaluation demonstrated a creatinine clearance 
of 63 ml/min, minimal proteinuria, 4* leg edema, se- 
rum creatinine value of 0.7%, blood urea nitrogen of 
14 mg/dl, normal thyroid-stimulating hormone and 
thyroxine, and normal coagulation profile and liver 
function test results. Hematocrit value was 32%; plate- 
lets, 233,000/mm°; digoxin level, 1.5 mg/ml; antinu- 
clear antibody and anti-deoxyribonucleic acid, nega- 
tive; and electrocardiogram, within normal limits. The 
patient gained 10 pounds in 2 days, with increasing 
polyhydramnios and generalized edema. She became 
dyspneic, with x-ray findings of pulmonary edema. A 
maternal echocardiogram was consistent with volume 
overload. Intravenous ‘Lasix, 40 mg, resolved the pul- 
monary edema, with no change in peripheral edema. 

During the following week the patient demonstrated 
increasing renal insufficiency, with the following val- 
ues; serum creatinine, 1.1%; blood urea nitrogen, 23 
mg/dl; uric acid, 9.5 mg/dl; creatinine clearance, 65 
ml/min; and 3.5 gm protein/24 hr. Fundal height mea- 
sured 42 cm, with peripheral edema (4*). She was 
treated with Lasix, 20 mg every 6 hours, and digoxin, 
0.25 mg once a day, to control pulmonary edema. The 
nonstress test was nonreactive, but a spontaneous con- 
traction stress test was negative. The patient was trans- 
ferred to New York University Medical Center. Ex- 
amination on admission showed the following: blood 
pressure, 130/90 mm Hg; pulse, 90 beats/min; and 
fundal height, 42 cm, with a floating vertex. The cervix 
was long and closed. There was edema of the extrem- 
ities (3*) and face, with 2* reflexes bilaterally. She was 
placed at bed rest and on a 2 gm sodium, 1800 ml fluid 
restricted diet. Electrocardiogram was normal. Chest 
x-ray film revealed slight vascular congestion. Arterial 
blood gas results were: pH, 7.46; Pco,, 18.8 mm/Hg; 
Po,, 95 mm/Hg; bicarbonate, 13.3 mEq/L; base excess, 
6.9; and oxygen saturation, 97%. Pulmonary function 
test results showed low-normal lung capacity, with 
slightly reduced vital capacity. Ultrasonogram at 33 
weeks demonstrated fetal ascites. Also noted were fetal 
cardiomegaly, right-sided vein of Galen aneurysm, 
polyhydramnios, and placentomegaly. A biophysical 
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profile score was 10 of 10. Doppler studies revealed a 
normal umbilical systolic/diastolic ratio. 

The patient remained stable until hospital day 9, 
when blood pressure increased to 140/100 mm Hg, 
with a concomitant rise in creatinine and blood urea 
nitrogen values to 1.2% and 34 mg/dl, respectively. 
Dexamethasone was given intravenously. She was 
scheduled for delivery 48 hours afterward for severe 
preeclampsia. However, within 48 hours the patient 
went into labor. A magnesium sulfate infusion was be- 
gun to stabilize her for delivery, and a cesarean section 
was performed with Swan-Ganz catheter monitoring. 
A hydropic 3640 gm female infant, Apgar scores 3 and 
7, was delivered, with a placental weight of 1600 gm. 
The neonate died shortly after delivery of cardiovas- 
cular collapse. Post partum, the mother’s edema and 
preeclampsia resolved, and she was discharged on post- 
operative day 5 with a blood pressure of 110/80 mm 
Hg and no proteinuria. 


Comment 


Aneurysm of Galen’s vein has been associated with 
fetal and neonatal morbidity and death. Today it is 
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possible to ultrasonographically diagnose this vascular 
malformation in utero as a cause of Ballantyne syn- 
drome. 

Our patient had a true Ballantyne syndrome of triple 
edema—maternal, placental, and fetal—while exhib- 
iting severe preeclampsia. This syndrome has been con- 
sidered to represent a form of preeclampsia.’ Despite 
early diagnosis and conservative management to attain 
fetal lung maturity, neonatal cardiac failure prevented 
the therapeutic embolization planned for this newborn. 


REFERENCES 


1. Mendelson DB, Hertzami Y, Butterworth A. In utero di- 
agnosis of a vein of Galen aneurysm by ultrasound. Neu- 
roradiology 1984;26:417-8. 


- 2. Quagliarello J, Salacquia A, Greco M, Zinberg S, Young 


BK. Ballantyne’s triple edema syndrome: prenatal diag- 
nosis with ultrasound and maternal renal biopsy. AM J OB- 
STET GYNECOL 1978;132:5:580-1. 


The amniotic fluid index in normal human pregnancy 


Thomas R. Moore, MD, and Jonathan E. Cayle, MD 
San Diego, California 


The four-quadrant sum of amniotic fluid pockets (amniotic fluid index) was studied prospectively in 791 
normal pregnancies. Interobserver and intraobserver variation was 3.1% and 6.7%, respectively. 
Logarithmic transformations were used to establish the mean and 90% confidence intervals for the 
amniotic fluid index at each week of gestation. In term pregnancies, the boundaries of the amniotic fluid 
index were 115 mm (mean), 68 to 196 mm (5th to 95th percentiles). In postdates pregnancies >42 weeks, 
the values were 108 mm (mean), 67 to 174 mm (5th to 95th percentiles), p < 0.0001. However, the values 
for each week were statistically distinct, indicating the need to reference amniotic fluid index 
measurements to week-specific normative tables for accurate interpretation. This study provides normative 
data for the amniotic fluid index thoughout pregnancy. (Am J OpsteT GYNECOL 1990;162:1 168-73.) 
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Abnormalities of amniotic fluid volume are associ- 
ated with poor pregnancy outcome.'* However, a con- 
venient and reproducible method for estimation of am- 
niotic fluid volume is lacking. Queenan et al.,* Charles 
et al., and Haswell and Morris® have measured am- 
niotic fluid volume at different periods of gestation with 
indicator dilution techniques. However, these methods 
are of limited clinical usefulness because of the necessity 
for amniocentesis to instill the indicator. Recently, ul- 
trasonographic visualization of amniotic fluid has given 
rise to both subjective and semiquantitative methods of 
fluid estimation. 

Qualitative approaches permit the experienced so- 
nographer to visually integrate multiple pockets of am- 
niotic fluid into a subjective total that is compared with 
expected normal levels at each stage of gestation. These 
studies have demonstrated good correlation between 
extremes of amniotic fluid volume and fetal out- 
come,” ® but the reliability and reproducibility of sub- 
jective scales are heavily dependent on operator ex- 
perience. 

Semiquantitative approaches typically estimate am- 
niotic fluid volume by measurement of the depth or 
width of the largest clear amniotic fluid pocket.’ >° 
These techniques also have demonstrated correlation 
between “abnormal” amniotic fluid volume and adverse 
fetal outcome, but the definitions of normal have been 
somewhat arbitrary. Moreover, the pocket-depth scales 
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have been applied uniformly to a broad range of ges- 
tational ages, despite the fact that indicator-dilution 
studies have demonstrated that amniotic fluid volume 
varies significantly with pregnancy duration.*'° Finally, 
all previous studies have been conducted among a mix- 
ture of normal and abnormal pregnancies, rendering 
the task of defining normal amniotic fluid volume even 
more difficult.” 

In this study we investigated the use of an ultra- 
sonographically derived index of volume obtained 
from measurements in four quadrants of the uterus. 
The aim of the study was to establish the normal range 
of the amniotic fluid index values across gestation in 
normal pregnancies, with determination of gestational 
age-specific boundaries of “normal” for each week. 
This article addresses the construction of a normal 
curve for amniotic fluid index in human pregnancy. 


Material and methods 


Seven hundred ninety-one patients with normal 
pregnancies were evaluated prospectively. Normal pa- 
tients were entered into the study according ot the cri- 
teria in Table I. Regardless of the indication for the 
sonogram in which amniotic fluid index was measured, 
if the pregnancy outcome and ultrasonographic results 
were normal, patients were included. Pregnancy out- 
comes were considered normal if birth weight was be- 
tween the 10th and 90th percentiles according to Cal- 
ifornia standards,” no fetal anomalies were present, 
and the 5-minute Apgar score was above 6. 

The indications for ultrasonography are listed in 
Table II. Patients with twin gestation, ruptured mem- 
branes, fetal anomalies, confirmed fetal growth disor- 
ders, abnormal neonatal outcome, coexisting maternal 
diseases, or gestational age less than 16 weeks were 
excluded. The study was cross-sectional. Only a single 
examination from each pregnancy was included. 
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Table I. Amniotic fluid index study: inclusion criteria 
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Amniotic fluid index measurement 
Normal pregnancy outcome 


Between 16 and 44 wk 
No ultrasonographic abnormalities 


Term delivery 
Birth weight 10th to 90th percentile 
Normal newborn course 


Adequate obstetric dates 


Normal and certain last menstrual period 


Crown-rump length at 7-11 wk* 


Ultrasonogram 16-24 wkt 


*Crown-rump length must be within 1 week of last menstrual period dates. 
fAverage of biometric measurements must be within 1.5 weeks of last menstrual period dates. 


The technique of obtaining the amniotic fluid index 
is outlined in Table HI. Ultrasonographic examina- 
tions were perforemd with an Ultramark IV model 
(ADR, Bothell, Wash.) with linear transducers (3.5 and 
5 MHz). The uterus was divided into four quadrants 
along the sagittal midline and midway up the fundus. 
The transducer was then maintained in a vertical and 
sagittal alignment, and the pocket of amniotic fluid with 
the deepest vertical dimension was identified and mea- 
sured. This procedure was repeated in each quadrant 
and the values were summed. Pockets confluent with 


pockets in adjacent quadrants were avoided. Amniotic: 


fluid estimations were reported to the clinician order- 
ing the study, but patient management was altered only 
if no pockets larger than 1 cm in depth were identified. 

The reproducibility of the measurements between 
different observers (interobserver variation) and be- 
tween measurements taken by a single observer (in- 
traobserver variation) was tested in 20 and 50 cases, 
respectively. Five sonographers participated in the in- 
terobserver study; two sonographers performed the in- 
traobserver study. The “error” in multiple measure- 
ments was calculated by comparing each single mea- 
surement with the average of three measurements 
obtained by either a single or three separate sonogra- 
phers. 

Data were analyzed by means of a microcomputer- 
based statistical package. Amniotic fluid index obser- 
vations were stratified into gestational week segments. 
Because the amniotic fluid index values in each ges- 
tational period were not normally distributed, the data 


were transformed into logarithmic (base 10) values for . 


further analysis. The 90%, 95%, and 98% confidence 
intervals about the means were determined for each 
period of gestation. The mean amniotic fluid index 
values in patient subgroups (preterm, term, postterm) 
were compared with a two-tailed ¢ test. Results obtained 
from the log 10 transforms were reconverted into their 
antilogs for graphic display. Curves for the confidence 
intervals were plotted from fourth-order polynomial 
equations derived from regressing the transformed 
percentile data against gestational age. 


Table II. Indications for 
ultrasonographic examination 


Indication n % 
Comfirm dates 248 31 
Postdates fluid assessment 194 25 
Suspected genetic 124 16 

disorder 
Suspected preterm labor 106 13 
Placental localization 88 1] 
Suspected growth delay 31 4 


Table III. Method of determination of 
amniotic fluid index" 


Patient positioned supine 
Uterus viewed as four equal quadrants 


Ultrasound transducer perpendicular to plane 

of the floor and aligned longitudinally with the 
- patient’s spine 

Vertical depth of the largest clear amniotic fluid 

pocket is measured in millimeters 


Amniotic fluid index = sum of four quadrant 
pocket depths 


Table IV. Interobserver and intraobserver 
variation in amniotic fuid index 


Error (mm) Percent error 
(Mean + SEM) (Mean + SEM) 


Intraobserver 5.00 + 1.2 3.07 + 0.7 
Interobserver 9.66 + 0.7 6.66 + 0.6 
Results 


The interobserver and intraobserver variability data 
are presented in Table IV. The absolute errors (in mil- 
limeters) for interobserver and intraobserver assess- 
ments represent a variation of approximately 7% and 
3% from the average amniotic fluid index, respectively. 
Fig. 1 demonstrates the relationship between the ab- 
solute errors (millimeters) and percent errors gener- 
ated by three amniotic fluid index measurements by a 
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Meon Error = 8.7 +/— 5.2 mm Moon X Error = 6.7 +/- 4% 


Error (mm) 
Percent Error 
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Fig. 1. Intraobserver variation in amniotic fuid index. A, Closed squares represent the absolute error 
in millimeters for an individual observation compared with the average of three made by a single 
observer. B, Open squares represent the percentage difference between individual and three averaged 
measures of amniotic fuid index. Dashed lines indicate the mean error. 
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Fig. 2. Normal values for the amniotic fluid index. Individual data points are shown. Dotted lines 
indicate the 1% and 99% curves. Dashed lines mark the 95th and 5th percentiles. The center 
line is the mean value. The polynomial regression curve for the log-mean is y = 0.2108 + 
0.26599x 0.01358x? + 0.003101x* + 0.000002684x*, R? = 81%, p < 0.0001. 
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Fig. 3. Weekly percent changes in mean amniotic fluid index as calculated from the polynomial 


regression equation (Y = 12 — 0.27X — 0.005X*). 


Table V. Normal values of the amniotic fluid index 


Amniotic fluid index percentile values (mn) 


Total data set . 
(N = 791) 


Preterm 73 81 88 


(N = 446) 


Term* 55 62 68 


(37-41 wk) 
(N = 207) 


Postdatest 56 62 67 


(41.1 - 43 wk) 
(N = 126) 


62 69 76 129 219 240 


269 
142 229 249 277 
115 196 215 241 
108 174 189 209 


*p < 0.001 compared with total group; p < 0.0001 compared with term group. 
tp < 0.0001 compared with total group; p < 0.05 compared with term group. 


single observer. The absolute error is approximately 
constant (10 mm) regardless of the amount of fluid 


measured. However, the percentage error created dur-. 


ing the measurement of small volumes of amniotic fluid 
(especially less than 100 mm) was 20% or more. At high 
values of amniotic fluid index (above 200 mm) the error 
was less than 5%. 

The mean amniotic fluid index, the 90%, 95%, and 
98% confidence intervals about the mean for the entire 
data set are listed in Table V. The values for preterm 
(<37 weeks), term (37 to 41.0 weeks), and postdates 
pregnancies (>41 weeks) are also shown. The amniotic 
fluid index values for the three subgroups are statis- 
tically distinct (p < 0.0001). When the term and post- 
dates groups are compared, the lower boundaries 
(oligohydramnios) are similar but the upper limits 
of amniotic fluid index (polyhydramnios) are much 
higher (196 mm = 95th percentile for term versus 
174 mm postdates). The amniotic fluid index values 


for all percentiles are higher in preterm gestations 
than those observed in term or postterm pregnancies 
(p < 0.0001). 

Because the amniotic fluid index measurements var- 
ied with the gestational age at observation, the data 
were stratified by week of pregnancy. The means, 90%, 
and 95% confidence intervals of the amniotic fluid in- 
dex observations are listed in Table VI. The variation 
in amniotic fluid index over gestation was highly sta- 
tistically significant (analysis of variance, p < 0.0001). 
Fig. 2 illustrates the changes in amniotic fluid index 
from 16 to 43 weeks, together with the 90% and 98% 
confidence intervals around the mean. The mean am- 
niotic fluid index curve rises slowly from 16 to 27 weeks, 
plateaus until 33 weeks, then declines steadily into the 
postdates period. 

The contour of the mean amniotic fluid index curve 
was subjected to further analysis by determining the 
rate of change in amniotic fluid index between succes- 
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Table VI. Amniotic fluid index values in normal pregnancy 





73 79 


16 

17 77 83 
18 80 87 
19 83 90 
20 86 93 
21 88 95 
22 89 97 
23 90 98 
24 90 98 
25 89 97 
26 89 97 
27 85 95 
28 86 94 
29 84 92 
30 82 90 
31 79 88 
32 77 86 
33 74 83 
34 72 81 
35 70 79 
36 68 77 
37 66 75 
38 65 73 
39 64 72 
40 63 71 
41 63 70 
42 63 69 


sive weeks of gestation. Fig. 3 plots the percentage 
change in the mean amniotic fluid index compared with 
the amniotic fluid index of the previous week. The 
curve has a continuously negative slope, crossing 0 at 
27 weeks. Thus the amniotic fluid index increases be- 
fore 27 weeks but at a steadily decreasing rate. During 
this time amniotic fluid index increases by approxi- 
mately 25% from 16 to 27 weeks. After 27 weeks the 
amniotic fluid index declines at a progressively increas- 
ing rate. By the end of the third trimester the amniotic 
fluid index has dropped by approximately 29% from 
the 27-week peak. In the postdates period the amniotic 
fluid index decreases by approximately 12% per week. 


Comment 


This prospective evaluation of the amniotic fluid in- 
dex in normal pregnancy from 16 to 43 weeks dem- 
onstrated that amniotic fluid index measurements are 
highly reproducible, with an interobserver error of 7% 
and an intraobserver variation of 3%. Our findings in 
absolute interobserver and intraobserver variation (9.7 
mm and 5 mm) are similar to the report by Rutherford 
et al., which demonstrated errors of 1.0 and 2.0 cm, 
respectively. However, our data indicate that the vari- 
ation in amniotic fluid index measurements is not con- 
stant with regard to the amount of amniotic fluid pres- 
ent. Amniotic fluid index measurements obtained in the 
setting of oligohydramnios require cautious interpre- 
tation. We recommend averaging three amniotic fluid 
index measurements when the index is below 100 mm. 


Amniotic fluid index percentile values 





185 201 32 
194 211 26 
202 220 17 
207 225 14 
212 230 25 
214 233 14 
216 235 14 
218 237 14 
219 238 23 
221 240 12 
223 242 ll 
226 245 17 
228 249 25 
231 254 12 
234 258 17 
238 263 26 
242 269 25 
245 274 30 
248 278 31 
249 279 27 
249 279 39 
244 275 36 
239 269 27 
226 255 12 
214 240 64 
194 216 162 
175 192 30 


The amniotic fluid index observations at each ges- 
tational period were not normally distributed, with sig- 
nificant splay into the upper ranges. Logarithmic trans- 
forms were used to calculate the gestation-specific av- 
erages and percentile ranks to ensure accuracy and 
predictability. The values thus obtained from the am- 
niotic fluid index were statistically distinct. This sug- 
gests that amniotic fluid index measurements should 
be referenced to gestational age standards. Table VI 
and Fig. 2 permit easy reference to these standards. 

Phelan et al. also assayed amniotic fluid index values 
across a range of gestational ages in a group of 197 
selected patients. Their work also demonstrated a peak 
in amniotic fluid index at 27 to 29 weeks, with a relative 
plateau until term. However, because logarithmic trans- 
forms were not applied to correct for skew, their cal- 
culations of “average amniotic fluid index” do not com- 
pare with our findings. However, when the algebraic 
mean of the amniotic fluid index values in the entire 
data set is calculated, our value of 139 mm correlates 
fairly well with their value of 10.5 to 16.5 cm.’*% 

Other investigators have proposed ultrasonographic 
criteria for normal amniotic fluid volume. Manning 
et al.’° incorporated a minimum pocket depth of 1 cm 
into the biophysical profile. Subsequently this criterion 
has been criticized as too restrictive and lacking in sen- 
sitivity.” Chamberlain et al. ? assigned a scale to the 
vertical depth of the largest visible amniotic fluid 
pocket: >8 cm constitutes polyhydramnios, <2 and 
>I cm represents mild oligohydramnics, and <1 cm 
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indicates severe oligohydramnios. These limits equated 
to the 97th, second, and first percentiles, respectively, 
in their study of over 7000 selected pregnancies. Al- 
though extremes of vertical pocket depth correlated 
well with outcome in those studies, restricting the def- 
inition of “abnormal” to 1% to 3% of the total may 
reduce sensitivity of the test. Moreover, the lack of ad- 
justment for gestational age differences in amniotic 
fluid volume may impair the effectiveness of this 
scale.!! 17 A 

Rutherford et al. have suggested a “5 cm rule” as 
the lower limits of acceptability for the amniotic fluid 
index in term gestation. However, the rationale for this 
limit has not been rigorously established. Although 
their studies demonstrate significant morbidity in preg- 
nancies with amniotic fluid index values <50 mm, our 
data indicate this level to be slightly below the first 
percentile for term gestation. In terms of defining oli- 
gohydramnios and an “alarm point” for inadequate am- 
niotic fluid, a criterion somewhat less stringent than 1% 
would provide more sensitivity. Indeed, we would sug- 
gest use of the 5th percentile value as a useful screening 
limit for detection of oligohydramnios. 

The noninvasive method of this study prevents de- 
termination of the relationship of amniotic fluid index 
to actual amniotic fluid volume. However, the distri- 
bution of the data points and shape of the mean am- 
niotic fluid index curve are very similar to those pro- 
duced by Queenan et al.* and Gadd'* with invasive mea- 
surements. The study by Brace and Wolf” with a larger 
data set (701 observations) in human pregnancy re- 
ported changes in volume very similar to the shape of 
the amniotic fluid index curve we report. Their data 
indicate that amniotic fluid volume rises steadily, peak- 
ing at 33 weeks. Volume then declines progressively 
toward term. In our study the mean amniotic fluid 
index curve begins to decline at 33 weeks also. In the 
study by Brace and Wolf,’? measured amniotic fluid 
volume decreased by approximately 10% per week dur- 
ing the postdates period. Beischer et al.” noted a weekly 
decline in volume of 33% during the postterm period. 
The trends in the postdates amniotic fluid index in this 
study are in this range (12% per week, Fig. 3). 

In summary, the amniotic fluid index provides a re- 
producible means of evaluating amniotic fluid volume. 
The “normal amniotic fluid index curve” also permits 
quantification and trending of changes in amniotic fluid 
volume observed during pregnancy surveillance. 
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Serum fructosamine and amniotic fluid insulin levels in 
patients with gestational diabetes and healthy control subjects 


Hannes M. H. Hofmann, MD, Peter A. M. Weiss, MD, Peter Piirstner, MS, Josef Haas, MS, 
Guenther Gmoser, MD, Karl Tamussino, MD, and Barbara Schmon, PhD 


Graz, Austria 


Gestational diabetic pregnancies with fetal hyperinsulinism should be identified because these cases 
require insulin therapy. To determine the relationship between the serum fructosamine and amniotic fluid 
insulin concentrations, these substances were measured in 87 pregnant women with impaired glucose 
tolerance. Fructosamine was also measured in 678 healthy pregnant control subjects, in 113 of whom 
amniotic fluid insulin levels were available. Fetal hyperinsulinism was rare at serum fructosamine levels of 
<2.6 mmol/L. These results suggest that when both the oral glucose tolerance test and fructosamine level 
are used, only 30% of women with gestational diabetes need to undergo amniocentesis to assess fetal 


insulin homeostatis. (Am J Osster GyNecoL 1990;162:1174-7.) 


Key words: Gestational diabetes, amniotic fluid insulin, oral glucose tolerance test, 


fructosamine, screening 


Gestational diabetes is usually diagnosed with the oral 
glucose tolerance test (oral GTT). This test has a high 
rate of false-positive and false-negative results, and its 
reproducibility in patients with impaired glucose tol- 
erance is poor.’ Furthermore, the oral GTT only in- 
directly reflects the metabolic situation of the fetus be- 
cause placental glucose transfer in the individual pa- 
tient is unknown. The amniotic fluid insulin level 
directly reflects fetal insulin production, and may be 
used to decide whether dietary treatment alone is ad- 
equate or if insulin is necessary.? The amniotic fluid 
insulin level can be used to categorize gestational dia- 
betic pregnancies as low risk (class A, normal amniotic 
fluid insulin, fetus unaffected by impaired maternal 
glucose tolerance, adequately treated by diet) or high 
risk (class AB, high amniotic fluid insulin indicating 
fetal hyperinsulinism, insulin necessary for a fetal in- 
dication). 

As the gold standard of fetal insulin homeostasis, the 
amniotic fluid insulin can be used to test new param- 
eters for detecting gestational diabetes. This study ex- 
amined the value of fructosamine for the stratification 
of gestational diabetes with respect to treatment (diet 
only versus insulin). The fructosamine level is a 
memory-like system, and reflects nonenzymatic protein 
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glycosylation. It correlates with blood glucose levels 
during the previous 2 weeks.‘ 


Patients and methods 


Between October 1985 and April 1988 serum fruc- 
tosamine was measured in 765 consecutive pregnant 
women undergoing an oral GTT at our obstetric out- 
patient clinic. The oral GTT was done after a 12-hour 
fast with a load of 1 gm glucose per kilogram body 
weight. Capillary blood glucose levels were measured 
enzymatically (Merck, Darmstadt, West Germany, Gluc- 
DH method) in the fasting patients 1 and 2 hours after 
the glucose load. In patients with glucose peaks over 
160 mg/dl, dietary treatment was initiated and amnio- 
centesis was performed between the twenty-eighth and 
thirty-second gestational weeks to determine the am- 
niotic fluid insulin level and assess fetal insulin produc- 
tion (N = 87). Amniotic fluid insulin was measured by 
radioimmunoassay (Phadeseph; Pharmacia, Uppsala).° 
Normal values for fructosamine were established in a 
control series of 894 samples from 678 patients with a 
normal oral GTT between the twentieth and thirtieth 
gestational weeks, 113 of whom underwent amniocen- 
tesis for other reasons. Fructosamine was measured in 
the serum by the method described by Baker et al.® 
(fructosamine test kit, Hoffmann-La Roche, Basel). 

Sixty-nine patients with impaired glucose tolerance 
but a normal amniotic fluid insulin level during dietary 
treatment were assigned to class A. Eighteen patients 
with impaired glucose tolerance had an elevated am- 
niotic fluid insulin level and were assigned to class AB. 
They received insulin therapy for a fetal indication.” 
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Table I. Demographic data (mean + SD) of 678 controls and 69 women with class A and 18 women with 


class AB gestational diabetes 


Control 
subjects Class A 


No. l 678 

Age (yr) 26.1 + 3.4 
>30 yr (%) 12.7 
Height (cm) 165 + 5.5 
Prepregnancy weight (kg) 60.2 + 8.5 
>100 kg (%) 3.3 
Weight gain (kg) 13 + 5.2 
Gravidity 1.9 + 1.0 
Parity 0.7 + 0.8 
Therapy None 


*p < 0.005, difference versus control subjects. 
tp < 0.001. 


Class B 
69 18 
31.5 + 8.1* 28.1 + 5.9* 
55.2t 36.8f 
164.7 + 7.3 163.3 + 7.5 
70.8 + 13.3+ 70.6 + 177 
14.97 15.8} 
9.6 + 4.7 10.8 + 8.3 
2.7 + 1.8f 2.4 + 14t 
14+ 1.6 1.0 + 1.2 
Diet Insulin 


Table II. metabolic parameters, mean (SD) of 678 control subjects and 69 women with class A and 18 


with class AB gestational diabetes 


Control Class 
subjects dia: 


Number 678 
Fructosamine (mmol/L) 2246 (0.221) 


Oral GTT (fasting) 70 (7.2) 83 (12.8) 
(mg/dl) 

Oral GTT (1 hr value) 113 (21.1) 175 (17.0) 

Oral GTT (2 hr value) 91 (19.5) 124 (27.8) 

HbA, % 4.27 (0.64) 4.49 (0.62) 

AFI (U/ml) 3.84 (1.8) 4.43 (2.0) 

AFG (mg/ml) 27.62 (11.5) 35.73 (14.3) 


AFI, Amniotic fluid insulin; AFG, amniotic fluid glucose. 
*p < 0.01. 


Insulin was administered according to a basal bolus 
schedule.” This study evaluated ony fructosamine val- 
ues before treatment was begun. Table I summarizes 
the demographic data of the three groups. 

Statistical analysis was done with an analysis of var- 
iance followed by multiple ¢ tests with a Bonferroni- 
Holm correction of the significance level. 


Results 


The maternal age in classes A and AB was higher 
than that in the control group (p < 0.005). Initial body 
weight and the number of spontaneous abortions also 
differed from the control group (p < 0.001). There 


were no differences in height, weight gain during preg- — 


nancy, or parity (Table I). Table II summarizes the 
metabolic parameters. The 95th percentile for serum 
fructosamine was 2.59 mmol/L, which was thus con- 
sidered the upper limit of normal. 

Patients with class AB gestational diabetes differed 
from the control group in fructosamine, HbA,,, and 


2.286 (0.251) 


A Class AB A vs »ABus A vs 
betes diabetes controls controls AB 
69 18 


3.029 (0.263) NS * * 
88 (18.0) + * NS 
185 (28.7) * NS 
139 (34.0) * e NS 
4.65 (0.99) * * _ NS 
23.56 (24.7) NS oe * 
48.17 (24.1) + * * 


amniotic fluid insulin levels as well as in oral GTT re- 
sults (p < 0.01). Class AB differed from class A in fruc- 
tosamine and amniotic fluid insulin, but not in HbA, 
or oral GTT results. Class A differed from the control 
group in oral GTT results and HbA,, but not in fruc- 
tosamine or amniotic fluid insulin. 

The fructosamine values in the three groups are 
shown in Fig. 1. Fructosamine levels in women with 
class A gestational diabetes were very similar to those 
in the normal group. In contrast, class AB barely 
overlapped the other two groups. 


Comment 

The consequences of gestational diabetes, such as 
fetal macrosomia, obesity, and metabolic abnormalities, 
result from fetal hyperinsulinism. This in turn results 
from hyperstimulation of the fetal islet organ by high 
glucose levels. Its exposure to glucose depends on the 
maternal blood glucose level, placental glucose transfer, 
and the individual responsiveness of the fetal islet or- 


1176 Hofmann et al. 







= Controls 
e Class A 
O Class AB 





Fructosamine (mmol/l) 
N 
uo 


May 1990 
Am J Obstet Gynecol 


28 30 32 34 36 38 
Weeks of Pregnancy 


Fig. 1. Fructosamine levels and weeks gestation in 678 healthy controls (mean + SD) and in 69 
women with class A and 18 with class AB gestational diabetes. 
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In cases with normal oGTT and abnormal fructosamine leve! ~= control of both values 


Fig. 2. Flow chart of the management of women with impaired glucose tolerance diagnosed by the 


oral GTT between 20 and 30 weeks’ gestation. 


gan.” Fetal insulin homeostasis is best assessed by mea- 
surement of the concentration of insulin in the amniotic 
fluid, which requires amniocentesis. 

This study found that serum fructosamine, an index 
of maternal blood glucose control during the previous 
2 weeks, differed significantly between women with ges- 
tational diabetes with normoinsulinemic fetuses (class 
A) and those with hyperinsulinemic fetuses (class AB), 
with only a small overlap of the individual values (Fig. 
1) (p < 0.01). This finding suggests that the combina- 
tion of oral GTT and fructosamine can be helpful to 
identify women with gestational diabetes who require 
insulin for a fetal indication. Amniocentesis could be 
foregone in 70% of women with impaired glucose tol- 


erance in pregnancy (i.e., in those with impaired glu- 
cose tolerance but normal serum fructosamine). Fol- 
lowing this procedure only one patient with AB dia- 
betes (5.5%) would have been missed. Without amniotic 
fluid insulin determination, however, 7 class A patients 
(abnormal oral GTT and fructosamine but normal am- 
niotic fluid insulin) would have been overtreated. Fig. 
2 shows a schematic representation of the current man- 
agement of women with impaired glucose tolerance at 
our hospital. 

Fructosamine values did not differ significantly be- 
tween women with impaired glucose tolerance but fetal 
normoinsulinemia under only dietary treatment (class 
A) and healthy control subjects. This indicates that mea- 
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surement of fructosamine is of no value for screening 
the general population for gestational diabetes. 

Other studies have examined the value of fructosa- 
mine in gestational diabetes.*" Roberts et al.'? did not 
correlate fructosamine with amniotic fluid insulin, but 
did find fructosamine of some value for managing ges- 


ay 


tational diabetes and identifying patients with persist- .. 


ing postpuerperal diabetes.’? In 100 pregnant women 
undergoing glucose tolerance tests because of clinical 
risk, Comtois et al." also found serum fructosamine 
and fructosamine/protein ratio levels insensitive as a 
screening test for gestational diabetes. 
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Magnesium tocolysis: Serum levels versus success 
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The relationship between maternal serum magnesium levels and tocolytic success is poorly established. 
We performed a retrospective analysis of 101 episodes of preterm labor treated with magnesium sulfate 
and compared the initial, average, and maximum serum magnesium levels with tocolytic success at 48 
hours and 7 days. There was no difference in the proportions of tocolytic success when serum levels were 
<6 mg/dl compared with levels of =6 mg/dl. Similar analyses on either side of 5 mg/dl also revealed no 
significant relationship. Mean serum magnesium levels in patients with successful tocolysis were 
statistically similar to those of patients in whom tocolysis failed. Multiple logistic regression analysis also 
failed to establish a positive relationship between serum magnesium levels and tocolytic success. We 
conclude that serum magnesium levels alone should not serve as an end point of therapy. (Am J OBSTET 


Gyneco. 1990;162:1177-80.) 
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Intravenous magnesium sulfate is frequently used as 
atocolytic agent to arrest preterm contractions. In 1959 
Hall et al.' reported decreasing contractility of human 
myometrium with exposure to increasing magnesium 
ion concentrations. Decreased myometrial contractility 
was subsequently reported in patients undergoing mag- 
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nesium therapy for preeclampsia.’ Steer and Petrie® 
found magnesium sulfate to be more efficacious than 
ethanol in the management of preterm labor, and sit 
efficacy as a tocolytic has been confirmed by others.* 
However, the relationship between serum magnesium 
levels and tocolytic success is not well established. Some 
have reported that serum levels of 5.0 to 7.0 mg/dl? or 
>5.6 mg/dl* are desirable and effective, although these 
conclusions did not appear to be supported by their 
data. To further evaluate this question, we performed 
a retrospective analysis of patients with preterm labor 
who were treated with magnesium sulfate to determine 
if serum levels were related to tocolytic success. 


Material and methods 


We performed a retrospective review of 83 patients 
with 101 episodes of preterm labor managed by the 
Department of Obstetrics and Gynecology at the Uni- 
versity of Alabama at Birmingham from April 1986 
through July 1987. Patients included in the review were 
from 20 to 36 completed weeks of gestation and had 
met established criteria for preterm labor (i.e., docu- 
mented uterine contractions of four in 20 minutes or 
eight in 60 minutes and either documented cervical 
change on serial examinations or an initial dilatation of 
2 cm, an initial’ effacement of at least 50%, or both).’ 
Patients with ruptured membranes, amnionitis, or pla- 
centa previa were not considered for analysis. 

In all patients, magnesium sulfate was the first in- 
travenous agent used during an episode of preterm 
labor, and it was administered either as a 4 or 6 gm 
intravenous loading dose over 30 minutes followed by 
a constant infusion of from 2 to 3 gm/hr. The loading 
doses and infusion rates were determined by the resi- 
dent staff in consultation with the attending physician. 
These parameters were individualized based on phys- 
ican preference and response to therapy; serum levels 
were used to monitor potential toxicity and not to reg- 
ulate the amount of magnesium sulfate administered. 
In general, patients who continued to have significant 
contractions while being treated with doses of 2 gm/hr 
had their infusion rates increased, usually to a maxi- 
mum rate of 3 gm/hr. Initial serum magnesium sulfate 
levels were obtained 4 to 8 hours after the loading dose 
and thereafter every 6 to 10 hours. Average magnesium 
levels were calculated as the arithmetic mean of all levels 
drawn during an episode of preterm labor. We ex- 
amined the initial, average, and maximum serum mag- 
nesium levels for each episode of preterm labor. These 
values were compared with the likelihood of tocolytic 
success at both 48 hours and 7 days. Tocolytic success 
was defined by the interval from the initiation of ther- 
apy until any of the following events occurred: (1) de- 
livery at <37 completed weeks of gestation; (2) dis- 
continuance of the magnesium sulfate because of ad- 
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vanced dilatation or ruptured membranes; (3) therapy 
changed to another intravenous agent because of per- 
sistent contractions, cervical change during magnesium 
sulfate treatment, or both; or (4) resumption of tocol- 
ytic therapy because of recurrent preterm labor after 
discontinuation of the magnesium sulfate. 

In all cases patients were being treated to prevent 
delivery and never merely to delay delivery for 48 hours 
or long enough to obtain the presumed benefit for 
corticosteroid therapy. For the purpose of data analysis, 
a modified Bishop score was calculated by means of 
dilatation, effacement, and station only, although the 
standard scoring system was used for each of these 
three parameters. Because of the definitions used for 
the diagnosis of preterm labor, it was possible for a 
patient to have had a documented cervical change and 
still have had a modified Bishop score of zero. 

Data were analysed with x°, Fisher’s exact test, or 
multiple logistic regresson techniques where appro- 
priate. If the probability of a type I error was £0.05, 
then the result was considered significant. 


Results 


Of the 83 patients, 69% were nonwhite, 43% were 
primiparous, and the mean age was 22 years. There 
were 72 singleton and 11 twin gestations. Eighteen of 
the 83 patients (22%) had experienced a prior preterm 
delivery. Of the 101 episodes of preterm labor, the 
mean gestational age at the onset of treatment was 
31 + 3.5 weeks (range, 21 to 36 weeks). The mean 
cervical dilatation on admission was 1.5 + 1 cm (range, 
0 to 4.5), whereas in 19 cases (19%) the initial cervical 
dilatation was >2 cm. The mean modified Bishop score 
on admission was 2.4 + 2 (range, 0 to. 7); in 20 cases 
(20%) the initial modified Bishop score was >4. 

The overall success of magnesium sulfate tocolysis 
was 80% at 48 hours and 61% at 7 days. As expected, 
success was significantly correlated with initial cervical 
dilatation. Those patients with an initial dilatation 
greater than 2 cm had a success rate of only 47% at 48 
hours (9 of 19 cases) and 32% at 7 days (6 of 19) com- 
pared with 88% at 48 hours (72 of 82) and 68% at 7 
days (56 of 82), if the initial dilatation was 2 cm or less 
(p < 0.003). Similarly, outcomes were highly depen-. 
dent on the initial modified Bishop score. Patients with 
an initial score greater than 4 had success rates of 50% 
at 48 hours (10 of 20) and 25% at 7 days (5 of 20). 
Patients with an initial score of =4 had success rates of 
88% at 48 hours (71 of 81) and 70% at 7 days (57 of 
81, p < 0.001). 

In these women with episodes of presumed preterm 
labor, the mean initial serum magnesium level was 
5.2 + 1 mg/dl (range, 2 to 9.8 mg/dl), the average level 
was 5.5 + 0.9 mg/dl (range, 3.8 to 7.6 mg/dl) and max- 
imum level was 6.0 + 1.2 mg/dl (range, 3.8 to 9.8 
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Table I. Comparison of tocolytic success with serum magnesium levels <6 and =6 mg/dl 





Initial 
<6 mg/dl 82 65 79 
26 mg/dl 19 16 84 
Average 
<6 mg/dl 69 56 81 
=6 mg/dl 32 25 78 
Maximum 
<6 mg/dl 50 38 76 
26 mg/dl 51 43 84 


Success at 48 hr 






Success at 7 days 


50 61 

0.63 12 63 0.86 
44 64 

0.72 | 18 56 0.47 
32 64 

0.30 30 59 0.59 


Table II. Comparison of tocolytic success with serum magnesium levels <5 and =5 mg/dl 





Initial 
<5 mg/dl 42 36 86 
25 mg/dl 59 45 76 
Average 
<5 mg/dl 31 25 81 
25 mg/dl 70 56 80 
Maximum 
<5 mg/dl 20 17 85 
25 mg/dl 81 64 79 


mg/dl). We compared patients with serum magnesium 
levels <6 and 26 mg/dl with tocolytic success at 48 
hours and 7 days and found no significant correlation 
(Table 1). To determine if differences in initial cervical 
dilatation, modified Bishop score, and gestational age 
on admission could have had an effect on this lack of 
correlation, we then compared the mean values in pa- 
tients with regard to these three parameters between 
the groups with serum levels <6 mg/dl and 26 
mg/dl. In this instance we again found no significant 
-difference with the Student ¢ test. We further analyzed 
the data to determine if advanced dilatation (>2 cm) 
or a high modified Bishhop score (>4) affected the 
relationship between serum magnesium levels and out- 
come. In the groups with and without advanced dila- 
tation and high modified Bishop scores, there remained 
no statistically significant relationship between tocolytic 
success at either 48 hours or 7 days with initial, maxi- 
‘ mum, or average’ serum magnesium levels. We then 
compared the mean serum magnesium levels (initial, 
average, and maximum) for those episodes that were 
successful at 48 hours and 7 days with those that were 
unsuccessful and found no significant difference. Since 
patients with a history of preterm delivery may be at 
increased risk and represent a unique population, we 
examined these patients as a group. There were 26 
episodes of preterm labor in 18 patients with a prior 
preterm delivery. Overall their success rate was 85% at 


Success at 48 hr 






Success at 7 days 


30 71 

0.24 32 54 - 0.08 
23 74 

0.94 39 56 0.08 
16 80 

0.55 46 57 0.06 


48 hours and 58% at 7 days. These results were not 
significantly different from the group with no history 
of preterm delivery. Within each of these two groups, 
there was again no relationship between serum mag- 
nesium levels and tocolytic success. 

The analyses described above were repeated with 
consideration for serum magnesium levels below or 
above 5 mg/dl; again, a significant relationship could 
not be demonstrated (Table II). However, there was a 
trend toward higher initial cervical dilation and mod- 
ified Bishop scores in the group who attained serum 
levels of =5 mg/dl. 

Multiple logistic regression with tocolytic success as 
the dependent variable and serum magnesium levels 
as the independent variables in a linear model also 
failed to establish a significant positive relationship be- 
tween serum magnesium levels and tocolytic success. 
In fact, there was an inverse relationship between av- 
erage serum levels and succcess at 7 days (p = 0.05). 


Comment 

Magnesium sulfate has been reported to be an effi- 
cacious tocolytic agent, and our overall success rate 
compared favorably with those reported by other au- 
thors.*® Similar to these reports, we also found that the 
success of tocolytic therapy was significantly related 
to the cervical examination at the onset of tocolytic 
therapy. However, we are aware of no data that confirm 
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a significant correlation between serum magnesium 
levels and tocolytic success. Elliott,’ in an analysis of 355 
patients, referred to levels between 5 and 7 mg/dl as 
usually adequate to stop contractions, but did not com- 
pare the specific magnesium levels and success of ther- 
apy. In a series of 40 patients, Hollander et al. noted 
that in cases of preterm labor treated successfully with 
_magnesium sulfate, the mean serum level was 6.6 
mg/dl. However, the authors did not compare that level 
with the magnesium levels of patients who failed ther- 
apy. In our retrospective analysis of 101 episodes of 
preterm labor, we found no significant correlation be- 
tween serum magnesium levels and tocolytic success. 
Similar proportions of tocolytic success between the se- 
rum level groups above or below 6 mg/dl could not be 
explained on the basis of a difference in initial cervical 
dilatation, modified Bishop score, or gestational age. 
` Most importantly, multiple logistic regression was un- 
` able to demonstrate a significant positive relationship 
between serum magnesium levels and tocolytic success. 
We recognize that our findings could be explained 
by the diversity of antecedent pathophysiologic events 
that culminate in preterm labor. Although we selected 
only cases that had documented cervical change (not 
merely preterm contractions), it may be that the study 
group contained a subpopulation of women who would 
have failed any available therapy. These patients may 
have received more aggressive therapy and ultimately 
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attained higher serum magnesium levels before the to- 
colytic failure was acknowledged. 

In conclusion, magnesium sulfate may be an effective 
agent for the arrest of preterm contractions and re- 
duction in the incidence of preterm delivery, but there 
appears to be no specific level of serum magnesium ` 
that is efficacious for most patients. Ultimately, mag- 
nesium sulfate should be titrated on the basis of signs 
of maternal toxicity and clinical response, and serum 
magnesium levels should not, by themselves, serve as 
an end point of therapy. 
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m= Estrogen levels return to normal after 
cessation of therapy 


=== Bone changes largely reversible 
6 months post-treatment 





Site End of Treatment | Posttreatment 
Units i 

Lumbar Vertebrae 13.4 2.8 13.1 
QCT,* Integral —4.3% —3.3% 
(g/vertebrae) n=21 

Trabecular Bone 161.3 47.6 52.0 
of Vertebrae QCT* —8.7% —4.9% 
(mg/cc) n=23 

Lumbar Vertebrae 0.98 0.93 0.96 
DPA+ | | —5.9% —1.4% 
(g/cm?) n=6 

Distal Radius 40.2 39.5 39.6 
SPA** | —1.6% —0.8% 
(Units) n=6 


* Quantitative computed tomography 
+Dual photon absorptiometry 
**Single photon absorptiometry 


Percent changes from 
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BRIEF SUMMARY 


SYNAREL® Nasal Solution contains nafarelin acetate (2 mg/mL, expressed as nafarelin base), benzalkonium chloride 
facial acetic acid, sodium hydroxide or hydrochloric acid, sorbitol, and purified water. 

INDICATIONS AND USAGE: For management of endometriosis. Experience is limited to women 18 years and olde 
treated for 6 months. 

CONTRAINDICATIONS: Hypersensitivity to GnRH, GnRH agonist analogs or any excipients in SYNAREL; undiac 
nosed abnormal vaginal bleeding; pregnancy or possibility of peo while taking the drug because SYNAREL may 
cause fetal harm when administered to a pregnant woman. It SYNAREL is used during pregnancy or if the patien 
becomes pregnant while taking this drug, she should be apprised of the potential hazard to the fetus; use in women whc 
are breast feeding. 

WARNINGS: Safe use in pregnancy has not been established clinically. Before starting treatment preg 
nancy must be excluded. 

When used regularly at the recommended dose, SYNAREL usually inhibits ovulation and stops menstruation. Contra 
Ception is not insured, particularly if patients miss successive doses. Therefore, patients should use nonhormonal cor 
traception. Advise patients to see their physician if they believe they may be pregnant. If a patient becomes pregnan 
during toatment, discontinue the drug; apprise patient of the potential risk to the fetus. 

PRECAUTIONS Information for Patients: 1. Since menstruation should stop with SYNAREL, the patient shoulc 
ny her physician if regular menstruation persists. Patients missing successive doses may experience breakthrougt 
bleeding. 

2. Patients should not use SYNAREL if pregnant, breast feeding, have undiagnosed abnormal vaginal bleeding, or are 
allergic to any of its ingredients. 

3. Safe use in pregnancy has not been established. Therefore, a nonhormonal method of contraception should be 
used during treatment. If a patient becomes pregnant during treatment, she should discontinue the drug and consul 
her physician. 

4. Adverse events occurring most frequently in clinical studies are associated with hypoestrogenism. Nasal irritatior 
occurred in about 10% of patients. 

5. Induced hypoestrogenic state results in a small loss in bone density over a 6-month treatment course. Some of this 
loss may not be reversible. During one six-month treatment period, this should not be important. In patients with major 
risk factors for decreased bone mineral content, i.e., chronic alcohol and/or tobacco use, strong family history oi 
osteoporosis, or chronic use of drugs that can reduce bone mass such as anticonvulsants or corticosteroids, SYNAREL 
may pose additional risk. In these patients risks and benefits must be weighed carefully. Repeated courses of treatmen 
with GnRH analogs are not advisable in patients with major risk factors for loss of bone mineral content. 

6. Patients with intercurrent rhinitis should consult their physician for use of a topical nasal decongestant. If a topical 
nasal decongestant is required during treatment, it must be used at least 30 minutes after SYNAREL dosing to decrease 
the possibility of reducing drug absorption. 

7. Retreatment cannot be recommended since safety data beyond 6 months are not available. 

Drug Interactions: No pharmacokinetic-based drug-drug interaction studies have been conducted. Nafarelin acetate 
is a peptide primarily degraded by peptidase and not by cytochrome P-450 enzymes, and is only about 80% bound te 
pam proteins at 4°C; therefore drug interactions would not be expected to occur. 

rug/Laboratory Test Interactions: SYNAREL in therapeutic doses suppresses the pituitary-gonadal system. No 

mal function is usually restored 4-8 weeks after treatment is discontinued. Therefore, diagnostic tests of pituitary 
race and gonadal functions during treatment and up to 4-8 weeks after discontinuation of SYNAREL may be 
misleading. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenicity studies were conducted in rats anc 
mice at intramuscular doses up to 110 times and 560 times the maximum recommended human intranasal dose 
respectively. These multiples of the human dose are based on the relative bioavailability of the drug by the two routes ol 
administration. As with other GnRH agonists, nafarelin acetate given to laboratory rodents at high doses for prolongec 
periods induced hyperplasia and/or neoplasia of endocrine organs. At 24 months, there was an increase in the incidence 
of pituitary tumors (adenoma/carcinoma) in high-dose female rats and a dose-related increase in male rats. There was 
an increase in pancreatic islet cell adenomas in both sexes, and in benign testicular and ovarian tumors in the treatec 
groups. There was a dose-related increase in benign adrenal medullary tumors in treated female rats. In mice, there was 
a dose-related increase in Harderian gland tumors in males and an increase in pituitary adenomas in high-dose females 
No metastases of these tumors were observed. It is known that tumorigenicity in rodents is particularly sensitive tc 
hormonal stimulation. 

Mutagenicity studies using bacterial, yeast, and mammalian systems provided no evidence of mutagenic potentia 

Reproduction studies in male and female rats have shown full reversibility of fertility suppression when treatment was 
discontinued after continuous administration for up to 6 months. 

Pregnancy, Teratogenic Effects: Pregnancy Category X. Intramuscular SYNAREL was administered to rats 
throughout gestation at about 0.5, 2, and 7 times the maximum recommended human intranasal dose based on the 
relative bioavailability by the two routes of administration. An increase in major fetal abnormalities was seen in 4/8( 
fetuses at the highest dose. A similar study at the same doses in rats and studies in mice and rabbits at doses up to 60(. 
pg/kg/day and 018 y.g/kg/day, respectively, failed to demonstrate an increase in fetal abnormalities after administratior 
throughout gestation. In rats and rabbits, there was a dose-related increase in fetal mortality and a decrease in fetau 
weight with the highest dose. 

Nursing Mothers: It is not known whether SYNAREL is excreted in human milk. Because many drugs are excreted ir 
human milk, and because the effects of SYNAREL on lactation and/or the breastfed child have not been determinec 
SYNAREL should not be used by nursing mothers. 

Pediatric Use: oad ate effectiveness in children have not been established. 

ADVERSE REACTIONS: The most frequently reported adverse reactions were those related to hypoestrogenism. Ir 
controlled studies comparing SYNAREL (400 g/day) and danazol (600 or 800 mg/day), the following adverse reac 
tions were most frequently reported and thought to be drug-related. 

Hypoestrogenic: hot flashes (SYNAREL 90%, danazol 69%), decreased libido (22%, 7%), vaginal dryness (19% 
7%), headaches (19%, 21%), emotional lability (15%, 18%), insomnia (8%, 4%); Androgenic: acne (13%, 20%" 
myalgia (10%, 23%), reduced breast size (10%, 16%), edema (8%, 23%), seborrhea (8%, 17%), weight gain (8% 
28%), hirsutism (2%, 6%), increased libido (1%, 6%); Local: nasal irritation (10%, 3%); Miscellaneous: depressior 
(2%, 5%), weight loss (1%, 3%) 

Less than 1% of patients experienced paresthesia, palpitations, chloasma, maculopapular rash, eye pain, urticaria 
asthenia, lactation, breast engorgement, and arthralgia. In clinical trials, immediate hypersensitivity thought to be pos 
sibly or probably related to nafarelin occurred in 3 (0.2%) of 1509 healthy subjects or patients. 

Changes in Bone Density: After 6 months’ treatment vertebral trabecular bone density and total vertebral bone mass 
measured by quantitative computed tomography (QCT), decreased by an average of 87% and 4.3%, respectively, corr 

pared to pretreatment levels. There was partial recovery of bone density post-treatment; the average trabecular bone 
density and total bone mass were 4.9% and 3.3% less than pretreatment levels, respectively. Total vertebral bone mass 

measured by dual photon absorptiometry (DPA), decreased by a mean of 5.9% at end of treatment. Mean total vertebra: 

mass, re-examined by DPA 6 months post-treatment, was 1.4% below pretreatment levels. There was little, if anya 
decrease in the mineral content in compact bone of the distal radius and second metacarpal. Use for longer than the 

recommended 6 months or in presence of other known risk factors for decreased bone mineral content may cause add" 
tional bone loss. 

Changes in Laboratory Values: Plasma enzymes. During clinical trials SGOT and SGPT levels were more than twice 

the upper limit of normal in only one patient each. There was no other evidence of abnormal liver function and levels 

returned to normal after treatment was stopped 

Lipids. At enrollment and at end of treatment, 9% of patients on SYNAREL 400 g/day and 2% on danazol had totas 

cholesterol values above 250 mg/dL. 

Of those with pretreatment cholesterol values below 250 mg/dL, 6% on SYNAREL and 18% on danazol had pos 
treatment values above 250 mg/dL. 

Mean (+SEM) pretreatment values for total cholesterol from all patients were 191.8 (4.3) mg/dL in the SYNAREL 
group and 193:1 (4.6) mg/dL in the danazol group. At the end of treatment, mean values from all patients were 204.5 (48. 
mg/dL in the SYNAREL group and 2077 (5:1) mg/dL in the danazol group. These increases from pretreatment values 
were significant (p < 0.05) in both groups. 

Triglycerides were increased above the upper limit of 150 mg/dL in 12% of the patients on SYNAREL and in 7% of the 
patients on danazol 

At the end of treatment, no patients on SYNAREL had abnormally low HDL cholesterol fractions ( < 30 mg/dL) con 
pared with 43% of patients on danazol. No patients on SYNAREL had abnormally high LDL cholesterol fractions 

> 190 mg/dL) compared with 15% of those on danazol. There was no increase in the LDL/HDL ratio in patients or 
YNAREL, but approximately a 2-fold increase in the LDL/HDL ratio in patients on danazol 
Other changes. In comparative studies, the following changes were seen in approximately 10% to 15% of patients 
SYNAREL was associated with elevations of plasma phosphorous and eosinophil counts, and decreases in serum 
calcium and WBC counts. Danazol therapy was associated with an increase of hematocrit and WBC. 
OVERDOSAGE: At present there is no clinical evidence of adverse effects following overdosage of GnRH analogs. 
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Cardiovascular response to maximal cycle exercise during 
pregnancy and at two and seven months post partum 


Mina A. Sady, MA, Barbara B. Haydon, BSN, Stanley P. Sady, PhD, 
Marshall W. Carpenter, MD, Paul D. Thompson, MD, and Donald R. Coustan, MD 


Providence, Rhode Island 


We examined the cardiovascular response at rest and during upright cycle exercise in nine women during 
pregnancy (25.6 + 3.0 weeks’ gestation) and at 2 months (8.8 + 1.8 weeks) and 7 months (30.0 + 2.5 
weeks) post partum. Antepartum resting cardiac output, heart rate, and stroke volume were higher, 
whereas the arterial-venous oxygen difference was lower than both postpartum values. The antepartum 
resting oxygen uptake did not differ from 2 months post partum but was higher than at 7 months post 
partum. Cardiac output during submaximal exercise was greater antepartum than at both postpartum tests. 
Submaximal antepartum oxygen uptake, heart rate, and stroke volume were generally higher, and the 
arterial-venous oxygen difference was lower than at 7 months post partum. The slope of the antepartum 
cardiac output versus oxygen uptake relationship did not differ from the value at 2 months post partum, 
(6.16 + 1.38 and 5.84 + 1.34, p > 0.05) but was higher than at 7 months post partum (5.22 + 0.78, 

p < 0.05). There were no significant differences in maximal oxygen uptake or heart rate among the three 

` testing periods. Maximal cardiac output and stroke volume were higher antepartum than at 2 and 7 months 
post partum, whereas the arterial-venous oxygen difference was lower than at 7 months post partum. 
There were few significant differences in resting, submaximal, or maximal measurements between the two 
postpartum conditions. These data suggest that the augmented cardiac response to exercise during 
pregnancy is reduced by 2 months post partum but that additional time may be required for a complete 
resolution of the cardiovascular changes induced by pregnancy. (Am J OssTet GYNECOL 1990;162:1 181-5.) 


Key words: Pregnancy, cycle exercise, maximal exercise, post partum 


Alterations in the cardiovascular response to exercise 
after pregnancy have rarely been studied in women 
more than 2 to 3 months post partum. We previously 
reported that maximal values for oxygen uptake and 
heart rate as well as the slope of the cardiac output 
versus oxygen uptake relationship during exercise were 
not different at 26 weeks of gestation compared with 
8 weeks post partum. Such results suggest that preg- 
nancy does not alter these variables.’ Alternatively, the 
maternal response to maximal exercise may not have 
returned to the nonpregnant state 8 weeks after deliv- 
ery. Others have examined the exercise response up to 
3 months post partum?*; but not all of these studies 
measured cardiac output?** and none have measured 
maximal exercise capacity. This study determined the 
cardiovascular response to maximal and submaximal 
` exercise in nine women during pregnancy and at 2 and 
7 months post partum. 
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Methods 


Subjects. Nine of 45 women who participated in a 
larger study! volunteered for additional testing at 7 
months post partum and provided informed consent. 
Subjects were 29 + 4.9 (mean + SD) years old and 
were 161.8 + 8.4 cm tall. Self-reported prepregnant 
weight was 55.6 + 7.2 kg. Subjects weighed 65.2 + 8.4, 
61.5 + 9.0, and 59.6 + 10.8 kg at their antepartum 
and 2- and 7-month postpartum tests, respectively. 
Three, four, and five women reported that they ex- 
ercised vigorously more than once a week antepartum 
and at their 2- and 7-month postpartum tests, respec- 
tively. Seven women were nursing at their 2-month 
postpartum test and five women were still nursing 7 
months post partum. 

Exercise tests. The testing procedures have been de- 
scribed previously.' Briefly, subjects completed two an- 
tepartum exercise test sessions on separate days within 
a 2-week period at 25.6 + 3 weeks’ gestation. Postpar- 
tum subjects returned for identical test sessions, one 
each at 2 months (8.8 + 1.8 weeks) and 7 months post 
partum (30.0 + 2.5 weeks). All tests for an individual 
subject were performed at the same time of day to avoid 
any effects of diurnal variation. 

Exercise tests were performed on a Pedal Mate elet- 
trically braked cycle ergometer (Collins Co., Braintree, 
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Table I. Submaximal data 
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Oxygen uptake (L/min) 
ow 


30 W 
60 W 
Cardiac output (L/min) 


Heart rate (beats/min) 
OW 
30 W 
60 W 
Stroke volume (ml/beat) 
ow 
30 W 
60 W 
Arterial-venous oxygen difference (ml/100 ml) 
OW i 


2 mo 7 mo 
Antepartum post partum posi partum 


0.52 + 0.11 0.53 + 0.103 0.56 + 0.104 
0.88 + 0.138 0.78 + 0.16 0.72 + 0.059* 
1.16 + 0.154 1.04 + 0.148 0.98 + 0.087* 
8.6 = 1.74 6.8 + 0.92* 6.9 + 1.25% 
10.8 + 1.6 8.2 + 1.01* 7.8 + 1.23% 
12.6 + 1.68 10.0 + 0.62* 9.2 + 0.83*t 
108 + 10.4 91 + 8.1* 97 + 8.4*} 
132+ 114 . 108 + 17.6* 106 + 9.0* 
150 + 14.1 135 + 18.4 126 + 11.5* 
79 + 10.1 75 + 84 71 + 11.6* 
83 + 12.3 77 + 8.6 74 + 11.7* 
85 + 13.4 76 + 11.5* 74 + 11.5* 
6.1 + 0.71 7.9 + 1.2* 8.2 + 1.4* 
8.2 + 0.83 9.5 + 1.43 9.3 + 1.55 
9.2 + 0.75 10.3 + 10.7 + 1.06* 








Values are mean + SD for nine subjects. 
*Antepartum versus postpartum values; p < 0.05. 
+2 versus 7 months post partum; p < 0.05. 


Mass.). Each testing session consisted of 10 minutes of 
rest on the cycle followed by three 6-minute power 
outputs of 0, 30, and 60 watts (W) or approximately 
30%, 50%, and 70% of maximal aerobic power. Subjects 
cycled for 5 minutes against minimal resistance after 
the 60 W workload, rested off the cycle for 10 minutes, 
and then completed an incremental continuous exer- 
cise test to volitional fatigue. 

Measurements. Oxygen uptake was determined with 
standard open-circuit spirometric techniques,’ during 
minutes 3, 4, 8, and 9 of rest, minutes 4 and 5 of each 
submaximal load, and each minute of the maximal test. 
Maternal heart rate was recorded simultaneously with 
each oxygen uptake and cardiac output determination 
with a Marquette Series 4000 electrocardiograph (Mil- 
waukee). 

Cardiac output was determined by means of the acet- 
ylene rebreathing technique,' at minutes 5 and 10 of 
rest and at minute 6 of each submaximal workload. 
Cardiac output was also measured approximately half- 
way through the maximal test. The workload for this 
stage averaged 85% of maximal capacity. Cardiac out- 
put was not measured at maximal effort because pre- 
liminary studies indicated that subjects could not reli- 
ably perform the rebreathing technique at their exer- 
tional limits. 

Rest and submaximal data. The individual values 
for the measurements taken at rest and at each sub- 
maximal workload were averaged. The results from the 
two antepartum testing days were averaged and used 
for analysis. Linear regression slope relationships for 


individual cardiac output versus oxygen uptake were 
determined with the averaged data. 

Maximal data. Maximal oxygen uptake was taken as 
the highest oxygen uptake attained at volitonal fatigue. 
The higher oxygen uptake achieved on either test day 
was used as the antepartum value. Exercise stroke vol- 
umes were not different (p > 0.05) at 30, 60, and ap- 
proximately 100 W, consistent with prior studies dem- 
onstrating that the stroke volume during upright ex- 
ercise increases only about 10% after approximately 
40% of maximal oxygen uptake.” Therefore maximal 
cardiac output was estimated by multiplying the mea- 
sured maximal heart rate by the averaged stroke vol- 
ume from the three highest submaximal workloads. 

Statistical analysis. Comparisons among antepar- 
tum, 2-month postpartum, and 7-month postpartum 
data were made with Friedman’s statistic, a nonpara- 
metric procedure.” The Wilcoxon signed-rank test 
with the modified Bonferroni correction for multiple 
comparisons was used to identify significantly different 
values. 


Results 


Rest and submaximal exercises. Resting cardiac out- 
put, heart rate, and stroke volume were higher and the 
arterial-venous oxygen difference was lower antepar- 
tum than at 2 and 7 months post partum (p < 0.05). 
Resting oxygen uptake was higher antepartum than at 
7 months post partum, but was not different between 
2 and 7 months post partum. 

The submaximal exercise results are summarized in 
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Cardiac Output (L- min’) 








Stroke Volume (mi-beat ) 


Oxygen Uptake (L: min’): 
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Fig. 1. Cardiovascular responses during rest and exercise (0, 30, 60 and +100 W) as functions of 
‘absolute work intensity (plotted as oxygen uptake). Open circles, Antepartum; large asterisks, 2 months 
post partum; solid triangles, 7 months post partum. Values are means + SD; n = 9. Small asterisk, 
Significant (p < 0.05) difference from antepartum value. . - 


. 2 mo 7 mo 
Antepartum ji post partum post partum 


Table II. Maximal data 


Oxygen uptake (L/min): ` 

Oxygen uptake (ml/kg/min) 

Heart rate (beats/min) 

Cardiac output (L/min) 

Stroke volume (ml/beat) 

Arterial-venous oxygen difference (ml1/100 mi) 
Power (W) 


` 1.97 + 0.398 > 1.88 + 0.336 ` 2.00 + 0.272 
30.1 + 4.23 30.8 + 3.91 34.1 + 4.42 
185 + 3.8 ° 188 + 5.6 187 + 7.0 
15.6 + 2.46 14.0 + 1.65* 13.6 + 1.81* 
84 + 12.5 75 + 10.2* 73 = 11.2* 
12.6 + 1.64 13.4 + 1.79 14.8 + 1.64*+ 
125 + 26.9 136 + 22.9 144 + 18.8*7 





Values are mean + SD for nine subjects. Cardiac output, stroke volume and arterial-venous oxygen difference calculated with 


formulas delineated in Methods. 
*Antepartum versus postpartum values; p < 0.05. 
+2 months yersus 7 months post partum; p < 0.05. 


Table I. Briefly, cardiac output was higher but oxygen 
uptake was not different than at 2 months post partum. 
Heart rate, stroke volume, and the arterialvenous oxy- 
gen difference did not consistently differ between 


the antepartum and 2-month postpartum measure- ` 
ments. In contrast, antepartum oxygen uptake (except _ 


at 0 W), cardiac output, heart rate, and stroke volume 
were higher, whereas the arterial-venous oxygen dif- 
ference (except at 30 W) was lower than the 7-month 
postpartum -values. Submaximal exercise results were 
similar at 2 and 7 months post partum; only two 
comparisons achieved statistical significance. Heart 
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rate at 2 months post partum was slightly lower (6 
beats/min) at 0 W and cardiac output was slightly 
higher (0.85 L/min) at 60 W than at 7 months post 
partum (p < 0.05; Table 1). 

The slope of the cardiac output versus oxygen uptake 
relationship decreased slightly from antepartum to 2 
months post partum (6.16 + 1.38 and 5.84 + 1.34, 
p > 0.05) but was significantly lower by 7 months 
post partum (5.22 + 0.78, p < 0.05, Fig. 1, A). 

Maximal exercise. There were no significant differ- 
ences (p > 0.05) among the testing periods for max- 
imal oxygen uptake (L/min or ml/kg/min) or heart 
rate (Table II). Estimated antepartum maximal car- 
diac output and stroke volume were higher than both 
postpartum values. The two postpartum values were 
not statistically different. The antepartum maximal 
arterial-venous oxygen difference and power output 
did not differ from the 2-month postpartum values, 
but were significantly lower than at 7 months post par- 
tum (p < 0.05, Table II). 


Comment 


The effect of pregnancy on the cardiovascular re- 
sponse to exercise has been typically examined by com- 
paring values in women during pregnancy and 2 to 3 
months post partum. Cardiac output in pregnant sub- 
jects, with the possible exception of during late gesta- 
tion,’ usually exceeds postpartum values." ** Both heart 
rate and stroke volume contribute to the elevated car- 
diac output at rest and during exercise, whereas the 
arterial-venous oxygen difference during pregnancy is 
lower, suggesting that the higher cardiac output is dis- 
tributed to nonexercising vascular beds. ** 

Other investigators have reported that oxygen up- 
take during weight-supported submaximal exercise is 
not different from early to midpregnancy and up to 3 
months post partum." ***7 One study performed 6 
months post partum also noted no change from preg- 
nancy to post partum in oxygen uptake at 50 W of cycle 
exercise.’ In our study we found no differences in oxy- 
gen uptake between pregnancy and 2 months post par- 
tum. However, antepartum oxygen uptake at rest and 
at 30 and 60 W exercise was higher than values at 7 
months post partum. 

The maximal oxygen uptake was not different 
among conditions, but statistically nonsignificant trends 
are evident for maximal cardiac output, maximal stroke 
volume, and the slope of the cardiac output versus oxy- 
gen uptake. In addition, maximal power output and 
maximal arterial-venous oxygen difference were sig- 
nificantly higher at 7 months post partum than at an- 
tepartum or 2 months post partum (p < 0.05, Table 
Il). It is possible that the higher power output at 7 
months post partum may be a result of a “learning 
effect” of repeated testing. The higher power output 
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would result in a higher arterial-venous oxygen differ- 
ence, but there was no concomitant rise in maximal 
oxygen uptake because cardiac output decreased. The 
slope of the cardiac output versus oxygen uptake at 
each testing period, although significantly higher dur- 
ing pregnancy, is within the range of average values 
reported by others for nonpregnant women.’' 

Alternatively, these differences and the additional 
changes in the physiologic response to submaximal ex- 
ercise found at 7 months post partum may be a result 
of a progressive return of the elevated hormonal levels 
and enhanced cardiac function of pregnancy to non- 
pregnant levels. The lack of statistically significant 
changes in maximal cardiac output, stroke volume, and 
the cardiac output versus oxygen uptake slope from 2 
to 7 months post partum may be a result of the small 
sample size and resultant low statistical power. Post hoc 
power calculations with the present observed differ- 
ences indicated that an additional 3 to 32 subjects would 
be required for a power of 0.80." 

These data suggest that an additional resolution of 
the effects of pregnancy on the exercise response oc- 
curs beyond 2 months post partum. Further studies of 
nulligravid women who intend to become pregnant, 
followed by repeated testing during and after preg- 
nancy, would document the time course of the effects 
and the return to nonpregnant levels. 
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Fetomaternal transfusion depends on amount of chorionic villi 
aspirated but not on method of chorionic villus sampling 


Lee P. Shulman, MD, Carole M. Meyers, MD, Joe Leigh Simpson, MD, 
Richard N. Andersen, PhD, Elizabeth A. Tolley, PhD, and Sherman Elias, MD" 


Memphis, Tennessee 


Transcervical and transabdominal chorionic villus sampling are believed, on the basis of indirect evidence, 
to result in fetomaternal transfusion. We sought to measure this phenomenon by devising a simple method 
that would allow us to identify variables that influence fetomaternal transfusion. We investigated patients 
undergoing transcervical-chorionic villus sampling (^ = 15) and transabdominal-chorionic villus sampling 
(n = 15), restricting the sample to subjects who required only a single catheter passage or needle 
insertion to obtain villi. Maternal serum a-fetoprotein was measured before and after the procedure along 
with a-fetoprotein concentration of the transport medium into which the villi had been aspirated. We first 
confirmed that the change in maternal serum a-fetoprotein levels after chorionic villus sampling, an. indirect 
measure of fetomaternal transfusion, was indeed correlated with the a-fetoprotein concentration of 
transport medium into which the villi were aspirated (p = 0.0350). Fetomaternal transfusion next proved to 
be correlated with the amount of villi obtained (p = 0.0279). However, when adjusted for the amount of 
villi obtained, no significant difference was observed between transcervical and transabdominal-chorionic 
villus sampling with respect to the change in maternal serum a-fetoprotein levels after chorionic villus 
sampling (p = 0.8512). These data suggest that the magnitude of fetomaternal transfusion depends on 
the amount of villi obtained but not on the chorionic villus sampling method used. (Am J OBSTET GYNECOL 


1990;162:1 185-8.) 


Key words: Fetomaternal transfusion, chorionic villus sampling 


Transcervical and transabdominal chorionic villus 
sampling are believed to result in fetomaternal trans- 
fusion, as deduced indirectly by the presence of fetal 
erythrocytes,' increased a-fetoprotein,” * and fibrino- 
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peptide A* in the maternal circulation after chorionic 
villus sampling. In the present study we sought to de- 
termine whether (1) the increase in maternal serum 
a-fetoprotein after chorionic villus sampling correlated 
with a-fetoprotein concentration of villus aspirate, 
thereby providing a simpler method for estimation of 
the magnitude of fetomaternal transfusion, and (2) 
whether the chorionic villus sampling method or 
amount of villi aspirated correlated with the magnitude 
of fetomaternal transfusion. 


Material and methods 

Subjects for this study were recruited from women 
undergoing chorionic villus sampling at the University 
of Tennessee, Memphis. Choice of procedure was de- 
termined either on the basis of obstetric considerations 
(e.g., active genital herpes precluded transcervical- 
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chorionic villus sampling, placental accessibility dic- 
tated a specific approach) or by randomization allot- 
ment in accordance with our participation in the 
National Institute of Child Health and Development 
Cooperative Clinical Comparison of Chorionic Villus 
Sampling and Amniocentesis Study.®-° Eligible patients 
were those in whom transcervical chorionic villus sam- 
pling was performed with a single passage.of a Tro- 
phocan catheter (Portex, Inc., Wilmington, Mass.) or 
transabdominal chorionic villus sampling was per- 
formed with a single insertion of an 18 gauge spinal 
needle (Becton, Dickinson and Co., Rutherford, N.J.). 

After ultrasonographic examination, genetic coun- 
seling, and informed consent, but before chorionic vil- 
lus sampling, 7 ml peripheral blood was collected for 
maternal serum a-fetoprotein analysis. Our techniques 
for transcervical and transabdominal chorionic villus 
sampling have been described in detail elsewhere." ° 
Briefly, a 20 ml syringe containing exactly 5 ml of trans- 
port medium (Alpha-MEM supplemented with 15% 


Chang medium, 15% fetal bovine serum, 0.5 pg/ml 


gentamicin, 100 mg/ml streptomycin, 100 IU/ml pen- 
icillin, and 100 IU/ml heparin sodium was used to as- 
pirate chorionic villus specimens, both transcervical and 
transabdominal-chorionic villus sampling. Chorionic 
villi were obtained by repeated (15 to 20) rapid aspi- 
rations of the syringe plunger to 20 ml negative pres- 
sure. Aspirated contents of the syringe (medium and 
villi) were transferred to a Petri dish for inspection. 
Transport medium free of chorionic villi or debris was 
used for determination of a-fetoprotein. Villi were 
weighed and processed for appropriate analyses in the 
cytogenetics laboratory. Thirty minutes after the pro- 
cedure, a second peripheral blood specimen was col- 
lected for maternal serum e-fetoprotein analysis. 
Concentration of a-fetoprotein in maternal blood 
and culture medium was determined with the an en- 
zyme immunoassay (Abbott Laboratories, Abbott Park, 
HI). Specimens were coded so that laboratory person- 
nel were unaware of clinical history or procedure per- 
formed. Submitted for concurrent analysis were two 
coded blood specimens from nonpregnant females, one 
from a male, and three that contained only transport 
medium. All specimens were analyzed during regular 
triweekly maternal serum a-fetoprotein runs. 
Outcomes sought included chorionic villus sampling 
method, amount (milligrams) of villi obtained, change 
in maternal serum «-fetoprotein after chorionic villus 
sampling, and o-fetoprotein concentration (nanograms 
per milliliter) in the transport medium. Because of 
the effect of maternal weight on maternal serum 
a-fetoprotein values,’ maternal serum a-fetoprotein 
values were corrected according to a loglinear cor- 
rection equation.® Both corrected and uncorrected 
the change in maternal serum a-fetoprotein levels af- 
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‘ter chorionic villus sampling data were analyzed with 


the SAS statistical software (SAS Institute Inc., Cary, 
N.C.). Univariate analyses included calculating Pearson 
correlation coefficients and making comparisons be- 
tween chorionic villus sampling methods with the Stu- 
dent ¢ test. Stepwise multiple regression analysis (SAS 
Institute Inc.) was used to identify which variables 
were predictive of the change in maternal serum 
a-fetoprotein levels after chorionic villus sampling 
rather than merely correlated with a predictor. Results 
from the stepwise procedure were confirmed with anal- 
ysis of covariance. 


Results 


During the period of this study, 42 patients under- ' 
went chorionic villus sampling at the University of Ten- 
nessee, Memphis. Four patients (9.5%) were ineligible 
for the study because their procedures required more 
than one catheter passage or needle insertion. Of the 
38 potentially eligible patients, eight patients (19.0%) 
elected not to enter the study. Of the 30 subjects who 
elected to participate in the study, 15 underwent 
transcervical-chorionic villus sampling and 15 under- 
went transcervical-chorionic villus sampling. Mean age 
of subjects in the study was 36.1 years + 1.9 SD; mean 
gestational age at the time of chorionic villus sampling 
(as determined by ultrasonographic examination im- 
mediately before chorionic villus sampling) was 11.1 
weeks + 0.7 SD. All procedures were performed by 
one of three obstetrician-geneticists. 

Table I shows outcome results. All 30 subjects had 
increased maternal serum «-fetoprotein levels after 
chorionic villus sampling. Predictably, a-fetoprotein 
was not detected in any of the six control specimens 
(two nonpregnant female bloods, one male blood, and 
three transport media). Correction of maternal serum 
a-fetoprotein values with maternal weight failed to alter 
any Statistical analysis; therefore, all analyses used un- 
corrected maternal serum a-fetoprotein data. Univar- 
iate analysis (Student ¢ test) revealed that the amount 
of villi obtained was significantly correlated with cho- 
rionic villus sampling method (transcervical-chorionic 
villus sampling significantly greater than transabdom- 
inal-chorionic villus sampling; p < 0.0003); however, 
chorionic villus sampling method was not correlated 
with any of the other outcome variables (p >0.1). On 
the other hand, the change in maternal serum a-feto- 
protein levels after chorionic villus sampling was cor- 
related not only with the amount of villi obtained 
(p < 0.028) but also with the a-fetoprotein concentra- 
tion in the transport medium (p < 0.035; univariate 
analysis with Pearson correlation coefficients, Table II). 
Together these findings indicate that the amount of 
fetomaternal transfusion incurred as a result of cho- 
rionic villus sampling depends on the amount of villi 
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Table I. Relationship of chorionic villus sampling method to variables (chorionic villus sampling specimen 
size, change in maternal serum «-fetoprotein levels after chorionic villus sampling, a- -fetoprotein 
concentration in aspirate, and maternal.surface area) studied in 30 subjects : 







villus sampling 


(range) 


Specimen size (mg) . 25.3 + 3.76 
(10-50) 

Change in maternal serum ` 6.8 + 1.62 
a-fetoprotein levels after - (0.8-20) 
chorionic villus sampling Ne Re 
(ng/ml) Ty 

a-Fetoprotein concentration 281.2 + 49.9 
in aspirate (ng/ml) . (31.6-702.6) 

Maternal weight (Ib) `> ‘139.2 + 14.0" 

. (110-205) 





Table II. Univariate analysis of variables studied 





Transcervical chorionic 


(n = 15) mean + SEM 











Transabdominal 
_ chorionic villus 
sampling (n = 15) 

` mean + SEM (range). 






Overall (n = 30) 
mean +: SEM (range) 





‘9.5 + 0.91 17.4 + 2.41 
(4-15) (4-50) 

3.4 + 1.64 5.18 + 1.18 
(0.4-26) (0.4-26) 

211.7 + 30.4 246.5 + 29.4 

(83.8-442) (31.6-702.6) 

128.7 + 12.2 133.9 + 13.3 

(110-168) (110-205) 










Change in maternal serum a-. 
fetoprotein levels after chori- 
onic villus sampling 

Amount of villi (mg) 

a-Fetoprotein in aspirate (ng/ml) 


*Pearson correlation coefficients. 
tp Values. 


obtained rather than on the specific technique. After 
adjustment of the chorionic villus sampling method for 
the amount of sample by analysis of covariance, the 
change in maternal serum a-fetoprotein levels after 
chorionic villus sampling was no longer correlated with 
the chorionic villus sampling method (p = 0.8512). 


Comment 
Our data are consistent with previous reports by 
ourselves’ and others" ** that. indicate that chorionic 


villus sampling leads to fetomaternal transfusion. With 
the use of changes in maternal serum a-fetoprotein 


levels after chorionic villus sampling as an estimate of. 


the magnitude of fetomaternal transfusion, we ob- 
served that maternal serum a-fetoprotein. levels in- 
creased in all subjects after chorionic villus sampling. 
Brambati and coworkers? also have shown that the 


change in maternal serum a-fetoprotein levels after - 


chorionic villus sampling is correlated with the amount 
of villi obtained. In the present study we show that this 
increase in maternal serum a-fetoprotein after chori- 
onic villus sampling also correlates with the amount of 
a-fetoprotein in the transport medium into which 
chorionic villi were aspirated. We found .no signifi- 
cant difference in the magnitude of fetomater'nal trans- 
fusion as related to the method (transcervical or 


. Change in maternal serum 
a-fetoprotein levels after 
chorionic villus sampling 


0.0279+ 
0.0350 ° 













Amount of a-Fetoprotein in 


villi (mg) aspirate (ng/ml) 
0.4013, 0.3862* 

— 0.4216* 
0.0203}: ` = 


transabdominal-chorionic villus sampling) used. Be- 
cause the amount of villi obtained is dependent on the 
method of chorionic villus sampling, method affects 


_ the magnitude of fetomaternal transfusion only indi- 


recily as a result of influencing specimen size. Thus our 
observation that the change in maternal serum a- 


___ fetoprotein levels after chorionic villus sampling is cor- 
_related with the a-fetoprotein concentration in the 

. transport medium and with the amount of sample ver- 

` ifies use of these simple methods (a-fetoprotein, sample 


size) for estimation of the magnitude of fetomaternal 
transfusion. Moreoever, these methods are not influ- 
enced by measurements of maternal weight, surface 


-area, or volume. Although a very large sample size 


would be necessary to prove that the magnitude of 


.fetomaternal transfusion is correlated directly ‘with 


pregnancy complications or outcome, it would be log- 
ical to recommend obtaining the minimal amount of 


‘chorionic villi. necessary to reliably obtain prenatal di- 


agnostic results. One would reason that this would de- 
crease the likelihood of fetomaternal transfusion and 


optimize the safety of chorionic villus sampling. 


Because volumes of Rh-positive cells as low as 0.1 ml 
can cause Rh-immunization,® our findings emphasize 
the necessity of administering RH,(D) immune globulin ° 


_ to all unsensitized, Rh-negative patients undergoing 
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chorionic villus sampling. In fact, sensitized subjects are 
currently ineligible for chorionic villus sampling in our 
program. Of course, a prospective study that correlates 
the magnitude of fetomaternal transfusion after cho- 
rionic villus sampling with pregnancy complications 
and perinatal outcome will be required to determine 
the precise effect of fetomaternal transfusion on con- 
tinuing pregnancies. 
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Benefits of placental biopsies for rapid karyotyping in the 
second and third trimesters (late chorionic villus sampling) in 


high-risk pregnancies 
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In a total of 301 placental biopsies in the second and third trimesters, 225 were performed because of 
suspicious ultrasonographic findings. In this group there was a high rate of aneuploidies (20%). As 
opposed to the alternative methods for rapid karyotyping, placental biopsies can easily be performed even 
in pregnancies with abnormal amounts of amniotic fluid. Oligohydramnios and polyhydramnios were key 
ultrasonographic findings in 38% of cases and were found to be associated with 22% of abnormal 
chromosomal findings. Suggestive ultrasonographic findings seem to justify the exciusive use of direct 


preparation. (AM J OBSTET GYNECOL 1990; 162:1188-92.) 


Key words: Placental biopsy, ultrasonographically abnormal pregnancy, chromosomal 


anomalies 


After the successful introduction of first-trimester 
chorionic villus sampling (early chorionic villus sam- 
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pling)'* and some early work on second- and third- 
trimester placental biopsies (late chorionic villus sam- 
pling)*” in 1986, Nicolaides et al. asked, “Why confine 
chorionic villus (placental) biopsy to the first trimester?” 
Even though it has been shown recently by several 
groups®'® that cytogenetic and molecular genetic di- 
agnoses can be obtained with late chorionic villus sam- 
pling, the special benefits of this new method have not 
been demonstrated in a larger number of high-risk 
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pregnancies. In this group the alternative and well- 
established method of cordocentesis, which now has an 
excellent safety record,” can sometimes be more dif- 
ficult (e.g., because of abnormal amniotic fluid vol- 
umes). We performed late placental biopsies for rapid 
karyotyping in 301 patients for various indications; 
however, the primary reason was amniotic fluid or fetal 
anomalies. 


Patients and methods 


The three groups for different indications are sum- 
marized in Table I. Because the West German law re- 
quires a 3-day waiting period between communication 
of the fetal diagnosis and termination of pregnancy, we 
routinely offer confirmation of an abnormal result by 
placental biopsy within this period. In the second group 
rapid karyotyping was requested because the pregnan- 
cies were close to 22 weeks’ gestation (legal limit for 
termination for fetal disease). The majority of proce- 
dures were performed after the detection of suspicious 
ultrasonographic findings. The key finding in 38% of 
the cases (Table II) was an abnormal amount of am- 
niotic fluid. In this series placental biopsies were carried 
out after 12 completed postmenstrual weeks of preg- 
nancy up to 41 weeks (Fig. 1) with peaks at 22 to 23 
weeks (because of the legal limit mentioned above) and 
31 to 32 weeks (at the time of the second ultrasono- 
graphic evaluation in the West German screening 
scheme). 

We used the same gynecologic and cvtogenetic tech- 
niques as described previously.'''* In the vast majority 
of cases direct preparation and chorionic cell cultures 
were performed simultaneously; in a few cases amniotic 
fluid cells were cultured in addition to direct chro- 
mosomal preparation. We already have addressed the 
safety aspects of the procedure in an earlier commu- 
nication.” 


Results 


In the first group all previous results were confirmed 
as expected with the exception of two cases of mosai- 
cism in amniotic fluid cells. In these two cases placental 
biopsies were performed simultaneously with fetal 
blood sampling. In the second group rapid karyotyp- 
ing revealed normal chromosomal counts with the ex- 
ception of a familial balanced reciprocal translocation, 
a de novo presumably balanced reciprocal translocation 
involving three chromosomes and a trisomy 21. In this 
latter case an additional acrocentric chromosome had 
been seen in another laboratory but because of poor 
cell growth and technical quality, differentiation be- 
tween a chromosome 21 and a Y chromosome had not 
been possible. We therefore performed late chorionic 
villus sampling at 23 weeks of pregnancy and confirmed 
trisomy 21. All pregnancies in group | were terminated 
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Table I. Indications for placental biopsies in 
second and third trimesters of pregnancy 


Indication | n 





Confirmation of abnormal result after chorionic 28 
villus sampling or amniocentesis 

Late booking or unsuccessful amniotic fluid cell 48 
culture 

Suspicious ultrasonographic findings 225 

TOTAL 301 


with the exception of an X/XX mosaicism in amniotic 
fluid cells not confirmed in fetal blood and also not in 
trophoblastic tissue. All pregnancies in group 2 resulted 
in live births or are still ongoing uneventfully except 
the pregnancy with trisomy 21 in the fetus and two 
pregnancies that were terminated for ornithine trans- 
carbamylase deficiency and B-thalassemia, respectively. 

All cytogenetic anomalies in group 3 are listed in 
Table II with reference to the key ultrasonographic 
indication for karyotyping. The one case of trisomy 9 
mosaicism was confirmed in amniotic fluid cells and the 
+21/+18,+21 mosaicism by characteristic autopsy 
findings. The clinical significance of the two other mo- 
saics is doubtful. Karyotyping was successful in all but 
three cases. There were no obvious short- or long-term 
complications associated with the placental biopsies 
such as hematomas or directly related intrauterine fetal 
demise. In the group of 45 cases of normal or balanced 
chromosomal counts and normal ultrasonographic 
findings of group 2, there were no spontaneous abor- 
tions. In the group of 180 cases of suspicious ultrasono- 
graphic findings and normal karyotypes, however, 
there were 16 intrauterine fetal deaths of which 13 were 
in association with severe oligohydramnios or intra- 
uterine growth retardation and three with nonimmune 
hydrops fetalis. 


Comment 


Even though the mitotic index in the cytotrophoblast 
is known to decrease toward the end of pregnancy, 
rapid karyotyping after placental biopsy has been 
shown to be a reproducible technique even in the third 
trimester of pregnancy. In our series the fastest avail- 
able method for karyotyping was indicated in several 
cases even beyond 35 weeks of gestation because be- 
ginning fetal distress in the presence of previously un- 
diagnosed ultrasonographic anomalies required ob- 
stetric decisions immediately after referral. In some 
cases a cytogenetic result was obtained on the same day, 
which is not possible by alternative methods (e.g., fetal 
blood sampling” * or the pipette method according to 
Claussen,” which uses selectively collected mitosis from 
a growing cell culture). A similar urgency was occa- 
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weeks of pregnancy 


Fig. 1. Number of procedures per gestational week. W, Suspicious ultrasonographic findings; O, 


confirmation; £&i, late booking. 


Table II. Cytogenetic anomalies in pregnancies with suspicious ultrasonographic findings 








Key ultrasonographic finding* 


Oligohydramnios or ahydramnios with or 70 

without intrauterine growth retar- 

dation 
Intrauterine growth retardation 24 
Hydrocephaly 14 
Nonimmune hydrops fetalis 16 
Omphalocele 10 
Polyhydramnios 16 
Hygroma colli 15 
Hydronephrosis and dysplastic kidneys 16 
Thoracoschisis and gastroschisis 4 
Partial mole 4 
Unilateral chorioid plexus cyst 4 
Other abnormalities 36 
TOTAL 225 





| a |] Cytogenetic anomalies n 


Triploidy 
Trisomy 21 
Monosomy X 
Trisomy 18 
Triploidy 
Trisomy 13 
46,XY/92,XXYY 
Monosomy X 
47,XX, +21/48,XX,+18,+21 
Trisomy 18 
Trisomy 13 
46,XY/49,XY,+2,+7,+19 
Trisomy 21 
Trisomy 18 
Trisomy 13 
Monosomy X 
Trisomy 21 
Trisomy 18 
Trisomy 13 
Trisomy 18 
46,XX/46,XXK, +9 
Trisomy 13 
Triploidy 


NO e o ele NO e No ee et ee a OO t NO a NOC est 


Trisomy 18 2 
Trisomy 21 1 


45 (20%) 





*Only the most obvious anomaly per case is listed. Usually there were several associated abnormalities detected by ultraso- 


nography. 


sionally given at 24 menstrual weeks of pregnancy be- 
cause of the legal situation regarding termination of 
pregnancy. 

In accordance with the results of our series that the 
majority of chromosomal anomalies are either lethal or 
incompatible with longer survival, most investigators, 
with a few exceptions,” would agree that the detection 
of, for example, trisomy 18 after the legal limit for 
termination could nevertheless infiuence the perinatal 
management (i.e., stopping tocolysis or refraining from 


cesarean section). Among the 88 patients with suspi- 
cious ultrasonographic findings detected after the 
twenty-fourth week of pregnancy, four fetuses had tri- 
somy 18 and two each had trisomies 21 and 13 or trip- 
loidy. In all 10 of these cases the obstetric management 
was changed because of the abnormal cytogenetic re- 
sult. The diagnosis of triploidy (surprisingly frequent 
[4%] in our series) at any gestational age not only es- 
tablishes a definitely poor fetal prognosis but also allows 
a timely therapeutic intervention preventing typical 
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maternal complications such as early and severe pre- 
eclampsia or late complications such as bleeding from 
the placenta. Interestingly, triploidies in our series fell 
into two categories: those (n = 3) with typical partial 
molar degeneration of the placenta in association with 
increased a-fetoprotein and human chorionic gonad- 
otropin levels as opposed to those (n = 6) with intra- 
uterine growth retardation and: severe oligohydram- 
nios associated with normal a-fetoprotein and human 
chorionic gonadotropin levels: . 
Abnormal amounts of amniotic fluid, especially oli- 
gohydramnios and ahydramnios, were a key finding in 
about 40% of the patients with aneuploidies. In such 
cases placental biopsies are easier to perform than the 
pipette method because of lack of sufficient amniotic 
fluid cells or fetal blood sampling, which might require 
instillation of fluid into the amniotic space first. There 
was no difference in sampling success with regard to 


placental positions in our series, and amniotic fluid for’ 


further tests such as a-fetoprotein determination can 
be obtained with the same needle before oe the 
placental biopsy specimen. 

Based on the extensive experiences with ‘hie 


trimester chorionic villus sampling, it is obvious that 


cytogenetic diagnoses from trophoblastic tissue bear a 
small but appreciable risk of discrepant results." How- 
ever, this seems to be mainly a problem of mosaicism 
and exclusive application of direct preparation, which 


_is also documented ‘for second- and third-trimester pla-' 


cental biopsies by the only two discrepant results after 
late chorionic villus sampling reported so far.” * The 


only discrepancy we encountered was a confirmation . 


case at 15 weeks after first-trimester diagnosis by direct 
preparation and in cultured cells of trisomy 21, in which 
a first placental biopsy specimen showed a normal 
chromsomal count, and mosaicism was present on re- 


peat biopsy. Chromosomal counts from amniotic fluid — 


and fetal blood (50 cells each) were normal and because 
there were also no suspicious ultrasonographic find- 


ings, the pregnancy went to term resulting in the. 


birth of a healthy child. Chromosomal analysis from 
blood post partum showed trisomy 21 in 4 out of 100 
cells. Regarding the published reports and our own 
experience” with discrepancies, we recommend cell 
cultures in addition to direct preparation even though 
this requires more effort and time.’ However, in cases 
of specific ultrasonographic findings suspicious of chro- 


mosomal anomalies, which was by far the most frequent 


indication for rapid karyotyping, it seems justified to 
rely on direct preparation alone, when the cytogenetic 
result confirms the suspected aneuploidy. 

As shown by Monni et al." for the diagnosis of B- 
thalassemia, late chorionic villus sampling samples are 
also suitable for deoxyribonucleic acid diagnoses. We 
have used second- and third-trimester chorionic villus 
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sampling for deoxyribonucleic acid and biochemical in- 


_ vestigations in patients at risk for hemophilia A, B- 
_ thalassemia, ornithine transcarbamylase deficiency, and 


rubella virus infection (complementary deoxyribonu- 
cleic acid hybridization). The risk of maternal cell con- 
tamination detectable by studies in deoxyribonucleic 
acid polymorphism is even lower in the second and 
third trimesters compared with the first trimester.” 

` In view of the apparently low risk of placental biopsy 
in the second.and third trimesters, probably not higher 
than that of fetal blood sampling,* '* * some investi- 
gators have already started to offer late chorionic villus 
sampling in ‘low-risk cases (e.g, advanced maternal 
age).!*.'!8 We have so far restricted late chorionic villus 
sampling to high-risk pregnancies (20% chromosomal 
abnormalities in our series), in which the special 
benefits of this technique are most convincing. The 
surprisingly high aneuploidy rate is in accordance 
with previously published series of amniocentesis per- 
formed because of suspicious ultrasonographic find- 
ings. *” To further evaluate risks and benefits of this 
new procedure a plea for an international registry has 
been made,” and this is currently being pursued. 


We thank Magdalene Roling and BngiBEE Schloo for 
data recording. 
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Flow velocity waveforms in uterine and umbilical arteries 
during the angiotensin II sensitivity test 


Risto U. Erkkola, MD, PhD, and Jouko P. Pirhonen, MD 


Turku, Finland 


The angiotensin I! sensitivity test has been used to predict the development of hypertension during 
pregnancy. We investigated the systolic/diastolic ratios of flow velocity waveforms in the uterine and 
umbilical arteries by means of a color Doppler system in 15 healthy women at 24 to 26 weeks’ gestation. 
A significant increase {p < 0.001) was observed in the systolic/diastolic ratio in the uterine artery, which 
was unaffected by the location of the placenta. In five women a differential effect of angiotensin II on the 
systemic diastolic blood pressure and on the systolic/diastolic was observed: the uterine circulation 
appeared to have a slower response and a faster recovery than the diastolic blood pressure. No changes 
in the systolic/diastolic ratio in the umbilical artery were observed. (Am J OsstEet GYNECOL 1990; 


162:1193-7.) 


Key words: Angiotensin II sensitivity test, Doppler ultrasonography, flow velocity waveform, 


umbilical artery, uterine artery 


Pregnancy-induced hypertension is related to an in- 
creased peripheral sensitivity of blood vessels to endog- 
enous vasopressor agents. Among the vasopressors, an- 
giotensin II appears to be of special importance, since 
pregnant women who develop hypertension lose an- 

_ giotensin refractoriness several weeks before clinical 
hypertension can be recorded.' An angiotensin II 
sensitivity test has been developed on the basis of 
these findings. The test may be used to predict the 
development of hypertension during pregnancy.'? Al- 
though the physiologic background of the angiotensin 
II sensitivity test has been extensively investigated,” the 
effects of the test on the human uterine circulation and 
on fetal circulation are not known. 

Blood flow velocity waveform analysis is a useful non- 
invasive clinical method for the evaluation of fetal well- 
being." > In blood flow velocity waveform analysis, 
Doppler ultrasonography is used to obtain the ratio of 
the peak-systolic frequence/end-diastolic frequence 
(systolic/diastolic ratio). This ratio has been used for 
evaluation of the uterine and fetal blood flow both in 
normal and high-risk pregnancies. 

The purpose of study was to investigate the effects 
of increased maternal diastolic blood pressure induced 
during the angiotensin II sensitivity test on the systol- 
ic/diastolic ratios of the uterine and umbilical arteries. 


From the Department of Obstetrics and Gynecology, Turku Universtty 
Hospital. 

Received for publication September 25, 1989; revised January 25, 
1990; accepted February 6, 1990. 

Reprint requests: R. U. Erkkola, MD, PhD, Department of Obstetrics 
and Gynecology, University Central Hospital, SF 20520 Turku, 

. Finland: 

GLITLISLA- 


Subjects and methods 


Fifteen healthy women with singleton pregnancies 
participated in this study (group 1). The maternal age 
and weight ranges were 20 to 40 years (mean, 27.6 
years) and 53 to 81 kg (mean, 64.8 kg). The range of 
the gestational ages was 24 to 26 weeks (mean, 25.2 
weeks). The duration of pregnancy was ascertained by 
accurate menstrual history and second-trimester ultra- 
sonographic examination. Ten patients were nullipa- 
rous and five patients were parous with uneventful pre- 
vious pregnancies. 

Group 2 consisted of five healthy women with sin- 
gleton pregnancies. The maternal age and weight 
ranges were 20 to 32 years (mean, 24.8 years) and 53 
to 72 kg (mean, 61.8 kg). The range of gestational age 
was 24 to 26 weeks (mean, 24.8 weeks). The gestational 
age was ascertained as for group 1. Two patients were 
nulliparous and three patients were parous. All subjects 
in both groups were healthy and had normal blood 
pressure. None of the patients used any medications 
except oral iron therapy. A routine ultrasonographic 
examination was performed before the angiotensin H 
test to check the state of the fetus and to determine the 
location of the placenta. 

This study was approved by the local ethical com- 
mittee and written informed consent was obtained. 

The angiotensin II sensitivity test was performed as 
previously described.’ The women were in the left lat- 
eral semirecumbent position in a quiet room. Maternal 
blood pressure and heart rate were automatically mea- 
sured from the right arm every 4 minutes by means of 
an oscillometer (sphygmomanometer, BP-203; Nippon 
Colin Co., Tokyo, Japan). After the diastolic blood pres- 
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sure had been stable for at least 20 minutes, an intra- 
venous line for infusion was inserted in the left arm. 
The line was connected to an infusion pump with a 
syringe containing angiotensin H amide (1000 ng/ml 
in 0.9% sodium chloride, Hypertensin, Ciba-Geigy, 
Basel, Switzerland). The angiotensin II infusion was 
started at a rate of 1.5 ng/kg/min and the dose rate 
was increased by 1.5 mg/kg/min at 4-minute intervals. 
After a 20 mm Hg rise of the diastolic blood pressure 
was obtained, the infusion rate was kept stable until the 
Doppler examinations were performed. 

Before the angiotensin I] infusion was started, the 
flow velocity waveforms of the umbilical artery and both 
uterine arteries were recorded by a color Doppler sys- 
tem with a 3.5 MHz transducer (model SSD 870; Aloka 
Co., Tokyo, Japan). Angle correction was made and a 
100 Hz high-pass filter was used to remove signals from 
slow-moving tissues. Measurements were made only 
when the fetus was still, and breathing and gross body 
movements were not seen. The peak-systolic and least- 
diastolic frequencies were measured and the systol- 
ic/diastolic ratio was calculated. The second Doppler 
examination was made when the angiotensin II infu- 
sion had raised the maternal diastolic blood pressure 
by 20 mm Hg. 

The subjects in group 2 were monitored as follows: 
the maternal heart rate and blood pressure were mea- 
sured with ]-minute intervals throughout the test and 
extended to include a 10-minute recovery period after 
the 20 mm Hg rise of the diastolic blood pressure had 
been reached. The uterine artery flow velocity wave- 
forms were obtained at the 10 and 20 mm Hg incre- 
ment in maternal diastolic blood pressure and also at 
l-minute intervals after the test until the systolic/dia- 
stolic ratio had returned to the initial level. 

All data are expressed as mean + | standard devia- 
tion. For statistic analysis, Student’s ¢ test for paired 
data and correlation analysis were used. The signifi- 
cance of the changes in the systolic/diastolic ratio and 
the relation between the changes in diastolic blood 
pressure and the systolic/diastolic ratio (group 2) 
were tested by analysis of variance for repeated 
measurements, with time as the within factor. When 
pooled athogonal components showed nonsphericity, 
Greenhouse-Geisser—adjusted’ probability values: were 
used. When a statistically significant time effect was 
observed, the analysis was continued by calculating the 
95% Tukey intervals between the starting point and the 
other time points. 


Results 


At the beginning of the test, the diastolic blood pres- 
sure was 66 +7 mm Hg in group | and 63 + 
4 mm Hg in group 2. The baseline heart rates were 
80 + II and 83 + 4 beats/min and 73 + 13 and 
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77 + 7 beats/min at the end of the angiotensin lH sen- 
sitivity test, respectively. The effective pressor doses 
of angiotensin II were 15.9 + 4.2 and 15.1 + 2.7 
ng/kg/min. 

The systolic/diastolic ratio in the uterine artery at the 
beginning of the test was 1.65 + 0.13 (groups | and 
2). At the end of the test it was 2.09 + 0.29 (significantly 
higher, p < 0.001), which yielded a mean increase of 
21% + 8%. All individual values are shown in Fig. 1. 
There was no statistically signficiant correlation be- 
tween the changes of the uterine artery systolic/dia- 
stolic ratio and maternal heart rate (r = 0.38). 

The placenta was clearly unilateral in four women. 
The mean systolic/ diastolic ratio of the ipsilateral uter- 
ine artery was 1.60 + 0.10 and that of the contralateral 
artery 1.95 + 0.45 (NS). At the end of the angiotensin 
II test, the mean systolic/diastolic ratios in these sub- 
jects were 2.02 + 0.17 and 2.21 + 0.45, respectively 
(NS). Fig. 2 shows the changes in flow velocity waveform 
patterns in both uterine arteries. 

In group 2 the systolic/diastolic ratio in the 
uterine artery in the beginning of the test was 1.71 + 
0.18. After a rise in the diastolic blood pressure of 
10 mm Hg, the systolic/diastolic ratio was unchanged 
(1.72 + 0.16), but at the end of the test the ratio rose 
to 2.11 + 0.18 (F = 15.5, p < 0.001). Fig. 3 shows the 
effect of discontinuation of the angiotensin II infusion 
on the diastolic blood pressure and systolic/diastolic 
ratios in group 2. The diastolic blood pressure de- 
creased to the preinfusion level within 4 minutes 
(range, 3 to 5 minutes) after the test. The systolic/di- 
astolic ratio in the uterine artery decreased even faster 
and reached the initial level within 2 minutes in all 
subjects. Table I shows the time dependency of the 
diastolic blood pressure and systolic/diastolic ratio. A 
third variable, the quotient between the diastolic blood 
pressure and systolic/diastolic ratio, was also created to 
determine whether the changes in these principal vari- 
ables were equal. However, analysis of variance shows 
that there is a significant time effect on the quotient 
(F = 4.36, p = 0.041) (Table 1). 

The flow velocity waveform in the umbilical artery 
did not change. The mean systolic/diastolic ratio before 
angiotensin infusion was 3.01 + 0.41 and at the end of 
the test it was 2.95 + 0.25. 


Comment 


The use of the angiotensin II sensitivity test in clinical 
research has gained increased popularity.* Despite ex- 
tensive animal research on the effects of angiotensin II 
on uterine circulation,”’® little is known about the ef- 
fects of angiotensin II on human pregnancy. 

Doppler ultrasonography provides a convenient 
method for assessment of the qualitative changes in 
vascular beds.** It has also been used for the investi- 


Volume 162 
Number 5 


3.0 


2.5 


2.0 


S/D RATIO IN UTERINE ARTERY 


| EEE 
BEFORE AFTER 


Fig. 1. Systolic/diastolic ratio in flow velocity waveform in 
uterine artery during the angiotensin II sensitivity test 
(n = 15). 


gation of blood flow velocity waveform in the uterine 
and umbilical arteries and for clinical purposes.* The 
use of color Doppler ultrasonography has simplified 
the identification of the uterine artery and is more re- 
liable than ultrasonography without color. 

In this study we found an increase of 21% in the 
uterine artery systolic/diastolic ratio at the end of the 
angiotensin II test. This reflects an increase of resis- 
tance in the uterine vascular bed, and is in accordance 
with animal studies in which a decrease of the uterine 
blood flow has been documented after raising the ma- 
ternal blood pressure in sheep’® and other species.'° 
These findings are essentially similar with regard to 
human pregnancy. 

The localization of the placenta has been claimed to 
affect the flow velocity waveforms in the uterine arter- 
ies; the systolic/diastolic ratio has been stated to be 
lower in the uterine artery under the placenta than in 
the contralateral artery. A similar phenomenon has 
also been observed in sheep: the uterine arteries of the 
nonpregnant horn had a greater increase of flow re- 
sistance to angiotensin II infusion than those of the 
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Fig. 2. Systolic/diastolic ratio in fow velocity waveform in 
uterine arteries under the placenta (O0— —9) and on contra- 
lateral side (e——¢) during the angiotensin I sensitivity test 
(n = 4). 


pregnant horn." In four subjects in this study the pla- 
centa was clearly on either side of the uterus, and a 
lower systolic/diastolic ratio was measured in the uter- 
ine artery under the placenta compared with the con- 
tralateral artery, although the difference was not sta- 
tistically significant. However, during the angiotensin 
II test there was a parallel increase in the systolic/di- 
astolic ratio in-both uterine arteries. 

A dual effect of angiotensin II has been observed in 
a study of the pregnant ewe; at low infusion rates there 
was a decrease in the resistance of the uterine circu- 
lation, whereas the opposite was true for higher infu- 
sion rates.’ Therefore we investigated the How velocity 
waveforms after a 10 mm Hg increment in the diastolic 
blood pressure (group 2). Despite the rise in the sys- 
temic diastolic blood pressure, the uterine artery How 
velocity waveform remained unchanged and only when 
the diastolic blood pressure clearly exceeded 10 mm 
Hg were changes in the waveform detectable. Fur- 
thermore, during the recovery phase the change in the 
systolic/diastolic ratio returned to the initial level 
significantly faster than the systemic diastolic blood 
pressure. 

These data provide the first evidence that there is 
relative refractoriness in the uterine circulation to the 
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Fig. 3. Effect of angiotensin IT sensitivity test on diastolic blood pressure and systolic/diastolic ratio 


in flow velocity waveform in uterine artery (n = 


Table I. Analysis of variance, with time as 
within factor, over the time from the start 
until the end of the procedure 


Factor 
Variable (time) 
F = 29.51 
p< 0.001 
F = 15.49 
p < 0.001 
F = 4.36 
p = 0.041 


Diastolic blood pressure 
Flow 


Diastolic/flow 





vasopressor effect of angiotensin II in human preg- 
nancy. In a study on pregnant sheep, Naden and 
Rosenfeld™ observed a similar phenomenon, a lower 
vasoconstricting response to infused angiotensin IT in 
uterine than in nonuterine tissues. Several factors may 
cause this differential response in the uterine vascular 
bed compared with the systemic vasculature. First, in- 
activation of angiotensin I] may be faster in the uterus 
than systemically. Second, the quantity or quality of the 
angiotensin receptors in the uterine vasculature may 
be different than those found in the systemic circula- 
tion. Finally, local production of vasodilating substances 
in the uterine vascular bed may attenuate the effect of 
angiotensin II. Such substances are prostanoids, which 
are known to diminish the diastolic pressure response 
to angiotensin II." Conversely, when angiotensin II is 
injected into the maternal side of the isolated human 
placental cotyledon, prostanoid release into maternal 
circulation was not enhanced." Furthermore, prosta- 
cyclin reverses the vasoconstriction after angiotensin II 
administration in the nonplacental uterine bed, which 
leads to further vasoconstriction in the placenta." Al- 
though prostanoids do participate in the regulation of 


5). 


uterine blood flow and resistance, their precise role is 


yet unsettled. 

An increase in the systolic/diastolic ratio is generally 
considered predictive of the intrauterine growth retar- 
dation and correlates with the degree of fetal hypoxia.” 
In this study we found a constant elevated  systol- 
ic/diastolic ratio at the end of angiotensin II test, which 
may raise doubts about the safety of the test. However, 
two findings suggest that the test is safe when per- 
formed at 24 to 26 weeks of pregnancy. First, there was 
no change in the flow velocity waveform pattern in the 
umbilical artery, which implies undisturbed fetal well- 
being. > Second, the effect of angiotensin IJ on the 
systolic/ diastolic ratio in the uterine artery disappeared 
within 2 minutes after discontinuation of the angi- 
otenin II infusion. There are only a few studies in hu- 
mans of the fetal effects of angiotensin II infusion to 
the mother. In one report increased fetal movements, 
fetal tachycardia, and an elevated uterine tone during 
infusions close to term were observed.” In another 
study no fetal changes were observed when doses from 
0.4 to 1.4 g/min were infused to healthy pregnant 
women at 27 to 37 weeks. The average end dose in 
our study was | pg/min. However, fetal reactions have 
been observed in studies of sheep. When a tenfold dose 
of angiotensin II (11.5 g/min) was infused to the preg- 
nant sheep for 10 minutes, both a decrease in the fetal 
oxygen and an increase in the carbon dioxide levels 
were observed; these changes correlated with the de- 
crease of the uterine blood flow.'® In addition, fetal 
mean arterial blood pressure increased in the absence 
of fetal hypoxia, which may indicate the transfer of 
angiotensin IJ or its metabolite across the ovine pla- 
centa. Therefore these and other findings’ suggest that 
high doses of angiotensin II to the mother may have a 
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direct or indirect depressing effect on fetal well-being. 
Despite the fact we did not observe any changes in flow 
velocity waveform pattern in the fetal’ umbilical circu- 
lation, it must be emphasized that our subjects were 
healthy women at 24 to 26 weeks of pregnancy. The 
angiotensin II sensitivity test appears to be safe when 
performed during normal pregnancy; however, if it 


leads to increased uterine vascular resistance in cases ` 


with primary disturbances in uterine circulation or fetal 


well-being, the fetal effects might be more detrimental. 
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The relationship between the umbilical artery systolic/ diastolic 
ratio and umbilical blood gas measurements in specimens 


obtained by cordocentesis 


Carl P. Weiner, MD 


Towa City, Iowa 


The purpose of this investigation was to prospectively determine the relationship between the umbilical 
artery systolic/diastolic ratio and the umbilical blood gases in samples obtained from 165 fetuses during 
diagnostic cordocenteses. In each instance the sample was the umbilical vein. The systolic/diastolic ratio 
was measured in a midsection of the umbilical cord. Analyses used stepwise, multiple linear regression: 
The mean + SEM gestation was 29 + 0.4 weeks; 72% of fetuses were =25 weeks and were considered 
potentially viable. There was no relationship between the umbilical artery systolic/diastolic ratio and pH, 
Pco,, or Po, in fetuses either <25 weeks’ gestation or = 25 weeks’ gestation but with systolic/diastolic 
ratios greater than or equal to the 95th percentile for control fetuses at 25 weeks’ gestation with normal 
blood gas values (3.5). In fetuses =25 weeks’ gestation with systolic/diastolic ratios that exceeded 3.5 

(n = 37), there was a strong relationship between the systolic/diastolic ratio and the umbilical venous Po, 
(r = —0.68, p < 0.0001), which was independent of gestational age. Each fetus with repetitively 
absent-reversed umbilical artery diastolic blood flow and a heart rate >90 beats/min (n = 6) had blood 
gas measurements consistent with hypoxia and acidosis. This investigation suggests that factors that lead 
to an increase in the umbilical artery systolic/diastolic ratio are associated with a progressive impairment 
of placental gas exchange and that by the time diastolic flow is lost, hypoxemia is present. (AM J OBSTET 


GYNECOL 1990;162:1 198-1202.) 


Key words: Cordocentesis, Doppler velocimetry, umbilical artery, oxygenation, placenta 


Umbilical artery Doppler velocimetry measurements 
have been used to predict a variety of perinatal out- 
comes such as growth retardation, fetal distress (vari- 
ably defined), admission to the neonatal intensive care 
unit, and perinatal death.'’ Less well explored is the 
relationship between the umbilical artery Doppler in- 
dices and discrete physiologic parameters.*'* We pre- 
viously reported that fetal intravascular transfusion for 
the treatment of hemolytic disease was associated with 
an acute decline in the systolic/diastolic (S/D) ratio. The 
magnitude of the decline correlated positively with the 


baseline umbilical venous Pos." It has also been noted: 


that an elevated S/D ratio can be associated with an 
otherwise normal fetal evaluation (i.e., nonstress test, 
oxytocin challenge test).™ Because the identification of 


From the Fetal Diagnosis and Treatment Unit, Division of Maternal- 
Fetal Medicine, Department of Obstetrics and Gynecology, Uni- 
versity of lowa College of Medicine. 

Supported in part by National Institute of Child Health and Devel- 
opment Grant No. HD24494. : . 

Received for publication September 26, 1989; revised February 6, 
1990; accepted February 8, 1990. 

Reprint requests: Carl P. Weiner, MD, Division of Maternal-Fetal 
Medicine, Department of Obstetrics and Gynecology, University of 
Towa College of Medicine, Iowa City, IA 52242. 

6/1/19948 


1198 


fetal hypoxia at an early stage is a primary goal of 
antenatal fetal testing, it is important to determine the 
relationship, if any, between the Doppler waveform 
measurement and umbilical blood gas measurements, 
and whether the identified relationship reflects a 
threshold or gradient phenomena. The purpose of this 
investigation was to prospectively determine the rela- 
tionship between the umbilical artery S/D ratio and the 
blood gas measurements of human fetuses at steady 
state in specimens obtained from the umbilical vein by 
cordocentesis. 


Material and methods 


A total of 165 women underwent 165 diagnostic cor- 
docenteses for a variety of clinical indications that have 
been reviewed previously (Table I). Immediately be- 
fore the cordocentesis, the umbilical artery S/D ratio 
was measured within a free loop of cord with the use . 
of pulse-gated Doppler equipment with the use of a 
5 mHz transducer (GE 3600, General Electric, Ran- 
cho Mirage, Calif.) as previously described.* The mid- 
loop was selected because under a variety of circum- 
stances neither the placental nor the fetal cord origin 
can be reproducibly identifiable. The low-pass filter was 
set at 100 mHz. A series of 6 to 8 consecutive waveforms 
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were recorded between fetal respirations. The S/D ra- 
tio was calculated with on-screen software with the im- 
age magnified 50% to 100%. At least three separate 
waveforms were measured and averaged. The equip- 
ment used permits measurement of diastolic how when 
the S/D ratio is >10. However, because cursor place- 
ment could be difficult in such instances, $/D mea- 
surements >10 and those characterized by the absence 
or reversal of diastolic how were assigned a value of 10 
for the purposes of this presentation. 

Our technique for cordocentesis was previously de- 
scribed in detail.” In this series, only the umbilical vein 
was punctured. The vessel punctured was identified by 
sonographic image, the direction that saline solution of 
pancuronium bromide flowed after its injection, and 
the absence of a pulsatile waveform on a blood pressure 
monitor." A combination of these three methods elim- 
inates any ambiguity concerning the vessel's identifi- 
cation. 

The specimen for blood gas measurement was as- 
pirated into a 1 ml tuberculin syringe with a hub that 
had been prefilled with heparin (1000 U/ml). The spec- 
imen was analyzed immediately with an automated 
blood gas analyzer (1312 blood gas manager, Instru- 
mentation Laboratories, Lexington, Mass.). The pH, 
Pco, (mm Hg), and Pco, (mm Hg) were measured di- 
rectly, assuming a temperature of 37° C. Calculated 
parameters such as base excess (milliequivalent per li- 
ter) and oxygen saturation (percentage) were excluded 
from these analyses. The norms for umbilical venous 
blood gas measurements were determined on the basis 
of 101 fetuses from 18 to 36 weeks’ gestation under- 
going cordocentesis that were ultimately shown to be 
normal or unaffected by a disorder that could con- 
ceivably alter the values (Table II). It should be noted 
that the mothers undergoing cordocentesis were nèi- 
ther sedated nor in labor at the time of the procedure. 

The results are presented as the mean + SEM. The 
relationships between the S/D ratio and the blood gas 
measurements were assessed with a stepwise multiple 
regresson analysis with the S/D ratio as the dependent 
variable and gestational age and blood gas measure- 
ments as the independent variables. An independent 
variable was added to the regression when p < 0.10. In 
our cordocentesis data bank, there were 15 fetuses be- 
tween 24 and 26 completed weeks’ gestation that were 
ultimately shown to be free of any disease. Their mean 
umbilical artery S/D ratio was 3.18 + 0.2 with a 95th 
percentile of 3.5. Because the umbilical artery S/D ratio 
declines with gestational age, 3.5 would exceed the nor- 
mal range for all older fetuses and thus was selected as 
the break point for analyses. The r and p values re- 
ported in the Results section are those from the mul- 


Doppler ultrasonography and fetal blood gases 1199 


Table I. Indications for cordocentesis 





No.* 
Hemolytic disease 91 
Rapid karyotype 51 
Possible fetal infection 41 
Growth retardation 29 
Drug treatment 5 


*Some fetuses have >1 indication. 


tiple regression equations unless noted. A p = 0.05 was 
considered to reflect either a significant difference be- 
tween two means or the presence of a relationship be- 
tween two or more variables. 


Results 

The mean gestation at the time of study was 
29.0 + 0.4 weeks (range, 19 to 42 weeks). A total of 
118 procedures (72%) were performed at or after 
25 weeks’ gestation. Although the S/D ratio of this 
population declined with advancing gestational age 
(r = 0.15, p = 0.05) as noted in studies of normal pop- 


_ ulations," the fetuses referred for cordocentesis and 


investigated here clearly do not constitute a normal 
population. A total of 31% (n = 37) of fetuses >25 
weeks’ gestation had an umbilical artery S/D ratio >3.5. 

Multiple regression analyses revealed a significant re- 
lationship between the umbilical artery S/D ratio and 
both pH (r = —0.31,p = 0.0002) and Po, (r = — 0.31, 
p = 0.0003) with a multiple r of 0.54. However, there 
was no relationship between the umbilical artery S/D 
ratio and any of the blood gas parameters when con- 
fined to pregnancies either previable (<25 weeks’ ges- 
tation and thus not candidates for fetal surveillance) or 
viable (=25 weeks’ gestation) but with an S/D ratio of 
<3.5 (maximum multiple r = +0.11). With confine- 
ment of analyses to those potentially viable fetuses with 
an umbilical artery S/D ratio that exceeded 3.5 
(n = 37), the S/D ratio was highly related to Po, 
(r = —0.68, p < 0.0001) (Fig. 1). This relationship per- 
sisted even after those fetuses with S/D ratios = 10 
(r = —0.49, p < 0.005) were deleted from analyses. 
There were six fetuses with a heart rate 90 to 160 
beats/min and absent or reversed diastolic flow (Table 
III). Each fetus was acidotic and hypoxic by nonlabor- 
ing norms. 


Comment 

A major thrust of umbilical artery Doppler studies 
in obstetrics has been the prediction of undesirable 
perinatal events. There seems little controversy that as 
a group, pregnancies complicated by an elevated um- 


_ bilical artery Doppler index (such as the S/D ratio) are 
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Fig. 1. Relationship between umbilical artery S/D ratio and umbilical venous Po, in potentially viable 
fetuses with umbilical artery S/D ratio that exceeds 90th percentile for 25 weeks’ gestation. 


Table II. Normal fetal blood gas measurements from 101 nonlaboring, nonsedated pregnancies (+ 1 SD) 


Gestation (wh) 


Oxygen saturation (%) 





18-19.9 6 742 + 02 33.9 + 3 44+ 11 ae eae 22.141 77 + 15 
20-21.9 15 = 7.43 + .02 32.6 + 1 43.8 +6 —0.8 + 1 22 tot) 80+ 6 
22-23.9 14 7.43 + .02 33.9 + 3 42.8 + 6 ~0.6 + I 22.6 + 2 78 + 10 
24-25.9 18 7.41 + .03 35.3 + 3 38.9 +6 —.08 + | 22.6 + I 7547 
26-27.9 14 7.42 % .02 34.6 + 2 42.2 -8I 22.5. +1] 7947 
28-29.9 10 7.42 + .02 37.0 + 2 35.7 0.01 + 2 23.9 + ] 67 + 12 
30-31.9 10 7.41 + .02 35.9 + 3 35.9 -0.4 42 23.1 + 2 70+7 
32-33.9 9 TA4l+ .02 | 371243 35.6 -0.5 +1 23.4 + 1 + 10 
34-35.9 5 7.41 .02 36.1 + 3 34.6 ~0.6 + ] 23.0 + | 67 + 8 


Table III. Absent or reversed diastolic flow 


Gestation PCO, Po 
Patient (wk) pH (mm Hg) |. (mm Hg) 


sociation with the rise in the S/D ratio, fetal. PO; de- 
clined significantly, whereas pH remained stable. Sim- 
ilar studies on the effect of maternal hypoxia on the 
umbilical artery S/D ratio have not been reported. Fer- - 


1* 29 7.34 43.6 22 , . : : 

Q# 26 7.32 47.8 4 razzi et al.” reported observations on the relationship 
3* 35 7.37 39.1 25 between the umbilical artery pulsatility index and the 
A l A i ne E umbilical blood gas parameters of nine fetuses. Solely 
6* 26 7.33 38.5 27 on the basis of sonographic criteria, six of the blood 





*Cordocentesis followed by positive oxytocin challenge test 
results or biophysical profiles <4. Frank distress developed in 
remaining fetus within 7 days. 


at greater risk of growth retardation, stillbirth, and ad- 
mission to a neonatal intensive care unit. But these 
undesirable events are end points within a clinical spec- 
trum of severity that may be reached by differing path- 
ways. Prior studies have not determined what an ele- 
vated umbilical artery Doppler index 1 means in terms 
of the fetal metabolic status. 

Trudinger et al.” embolized the ovine fetal placental 
circulation with microspheres and observed an increase 
in both placental resistance and the S/D ratio. In as- 


samples were considered to be from the umbilical vein 
and three from the umbilical artery. On the basis of 
the six venous samples, the authors concluded that 
there was a significant relationship between the um- 
bilical artery pulsatility index and the umbilical venous 
Pco, and pH. Unfortunately, a sample size of six is too 
small for the four-factor multiple regression analyses 
needed (includes gestational age and the measured 
blood gas parameters). Further, each patient studied 
was receiving one or more potent oral antihypertensive 
agents that have been reported to alter descending 
aorta Doppler parameters’? and thus might conceivably 
alter umbilical artery Doppler determinations. 

The present study applied stepwise multiple regres- 
sion analyses to a large data base. None of the women 
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Table IV. Doppler velocimetry and umbilical venous blood gas measurements (+ SEM) 











SID ratio Gestational age (wh) PO, (mm Hg) | HCO, (mEq/L) | Oxygen saturation (%) 
<4 75 28.8 (0.5)* 7.41 (0.003)t 34.9 (0.3)* 39.8 (0.8) 22.7 (0.1) 74.4 (1.3)t 
>4 27 26.0 (0.8) 7.40 (0.006) 37.2 (0.9) 36.7 (2) 22.4 (0.9) 66.9 (4.1) 








Because pH, PO, and oxygen saturation decline and Pco, rises with gestational age, the bias introduced by the differences in 
gestational ages tend to cancel the observed differences rather than explain them. 


*p < 0.002, one-tailed test. 
tp = 0.01, one-tailed test. 
4p = 0.05, one-tailed test. 


were receiving antihypertensive medication. Further, 
the identity of the umbilical vessel sampled was certain. 
There was a strong relationship in the umbilical artery 
S/D ratio and umbilical venous Po. in fetuses =25 
weeks’ gestation with umbilical artery S/D ratios >3.5. 
If the cause of an elevated umbilical artery S/D ratio 
is increased placental resistance, which in turn reflects 
widespread dysfunction, it should come as no surprise 
that placental blood gas exchange would be altered and 
that measurements in samples from the umbilical vein 
would reflect this dysfunction. Whether the relation- 
ship between the S/D ratio and fetal oxygenation is 
cause-effect or an association cannot be stated but from 
the data presented the relationship appears to be a 
gradient. 

Studies on the effect of maternal oxygen supple- 
mentation on the fetal umbilical artery S/D ratio have 
not been published. Arduini et al.” observed an im- 
provement in the descending aorta and internal carotid 
artery pulsatility indices in growth-retarded fetuses 
with abnormal indices during maternal hyperoxygen- 
ation. Maternal hyperoxygenation had no influence on 
the descending aorta pulsatility indices of control fe- 
tuses. In parallel, Nicolaides et al.. observed an in- 
crease in descending aorta mean blood flow velocity 
during maternal hyperoxygenation. If one assumes 
these vessels have a relatively fixed diameter, the find- 
ing of increased flow velocity suggests maternal oxygen 
supplementation increased. blood flow to the trunk- 
placenta of the compromised fetus. However, given the 
anatomy of the placenta with its lack of a dominant 
muscle bed, hyperoxygenation may have no effect on 
placental resistance. A relationship between fetal oxy- 
genation and blood flow outside the fetal-placental unit 
has been reported. Soothill et al." correlated arcuate 
artery resistance indices with umbilical venous blood 
gas measurements made on specimens obtained during 
cordocentesis. These authors observed a strong positive 
correlation between the resistance index of the arcuate 
artery and hypoxia. 

Only one potentially viable fetus with an abnormal 
blood gas value by our nonlaboring, nonsedated norms 
had a umbilical artery S/D measurement <3.5. This 
fetus had nonimmune hydrops as a result of atrial flut- 


ter and ventricular rate that exceeded 190 beats/min. 
Only one fetus with absent or reversed diastolic 
flow was normoxic. This fetus had a complete heart 
block with a rate <70 beats/min. Each of the angle- 
independent Doppler indices can be altered by ex- 
tremes of heart rate. These findings indicate that a 
normal umbilical artery S/D ratio would predict a nor- 
mal fetal blood gas in the absence of maternal com- 
promise. Thus Doppler velocimetry may have appli- 
cation as a screen for disorders that culminate in hyp- 
oxia inasmuch as the specificity of a normal S/D ratio 
for normal umbilical blood gases was so high in the 
absence of heart rate abnormalities. 

Whereas the meaning of a normal umbilical artery 
S/D ratio seemed clear, that of an elevated S/D ratio 
was less clear. If one compares the umbilical venous 
blood gases of potentially viable fetuses with normal 
and abnormal S/D measurements, the latter group had 
worse measurements. However, there was no significant 
difference between the two groups until the umbilical 
artery S/D break point was set at 4.0 (Table 1V). Even 
then the range of values overlap considerably. Thus the 
degree of blood gas abnormality observed, even when 
the S/D ratio was >4.0 after 25 weeks’ gestation but 
diastolic flow was present, is not sufficient in and of 
itself to advocate preterm delivery. From the standpoint 
of human fetal oxygenation and clinical decision mak- 
ing, the umbilical artery S/D ratio is, for the most part, 
too sensitive on which to act. However, each of the 
potentially viable fetuses studied with absent or re- 
versed diastolic ow and a heart rate within the norm 
were both hypoxic and acidotic. Eight other fetuses with 
absent diastolic flow cared for at our unit who did not 
undergo cordocentesis either died shortly thereafter or 
were hypoxic and acidotic when delivered by primary 
cesarean section without labor. These findings support 
the opinion that the repetitive lack of measurable um- 
bilical artery diastolic How in a potentially viable fetus 
is ominous.” If delivery is not planned, considerauon 
should be given to a fetal blood sampling procedure to 
prove that fetal acidosis does not exist. 

In conclusion, the role of umbilical artery Doppler 
velocimetry in obstetric care requires additional animal 
and human study. This human investigation of the re- 
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lationship between the umbilical artery S/D ratio and 
the umbilical blood gas values documents that a strong 
inverse relationship between the umbilical artery S/D 
ratio and the umbilical venous Po, and that the repet- 
itive absence or reversal of diastolic flow in a fetus with 
a normal heart rate is predictive of hypoxia, which can 
lead to acidosis. 
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Abruptio placentae after percutaneous umbilical cord sampling: 


A case report 


Leonard Feinkind, MD, Deepak Nanda, MD, Isaac Delke, MD, and Howard Minkoff, MD 


Brooklyn, New York 


The use of umbilical cord sampling is becoming more widespread. The full risk of the procedure, however, 
is not completely known. Reported here is a case of abruptio placentae immediately after percutaneous 


umbilical cord sampling. (Am J Osstet GYNECOL 1990;162:1203-4.) 


Key words: Abruptio placentae, percutaneous umbilical cord sampling 


The development of techniques to sample the fetal 
circulation has increased the range of prenatal diag- 
nostic and therapeutic modalities available to obstetri- 
cians. Previously, when a sample of fetal blood was 
needed for analysis, fetoscopy had to be used despite 
its increased rate of complications. More recently, with 
ultrasonic improvements, percutaneous fetal sampling 
using a spinal needle has become possible. Previous 
reports have described many of the indications for cord 
blood sampling. These diverse uses have included 
karyotype analysis and intrauterine transfusions and 
have documented the apparent safety of the procedure. 
Some morbidity, however, has been noted. Fetal brady- 
cardia, for example, usually with recovery has not been 
unusual and there are several reports of fetal brady- 

‘cardia occurring before fetal death.' Rupture of mem- 
branes and preterm labor have also been attributed to 
the procedure. In addition, fetal blood loss after needle 
withdrawal is extremely common and has been re- 
ported in up to 32% of cases. Bleeding, however, usu- 
ally lasts less than 1 minute. Placental hematomas have 
been documented and in at least one case, a smal] sub- 
amniotic hematoma may have been directly responsible 
for a fetal death. We present here the first reported 
case of abruptio placentae after cord blood sampling. 


Case report 


M. M. was a 30-year-old (para 1001) woman who at 
39 weeks’ gestation was referred to Kings County Hos- 
pital Center for evaluation of fetal hydronephrosis. 
The patient was first seen at 24 weeks, with no antenatal 
problems. A sonogram at 34 weeks to evaluate a size- 
dates discrepancy showed moderate polyhydramnios 
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and left hydronephrosis (left pelvis measured 2 cm). 
Because of the association of chromosomal abnormal- 
ities with polyhydramnios and hydronephrosis, per- 
cutaneous cord sampling was offered. The patient was 
informed that in view of the higher risk of fetal distress 
with chromosomal abnormalities, knowledge of the 
karyotype in this circumstance might help avert a ce- 
sarean section. The patient then missed subsequent vis- 
its and when she returned at 39 weeks agreed to un- 
dergo percutaneous sampling. 

Results of a repeat ultrasound examination at 39 
weeks were essentially unchanged. The placenta was 
noted to be fundal with its margin reaching the anterior 
surface. Because the cord insertion could not be visu- 
alized, a loop of cord that appeared to be relatively 
fixed posteriorly, overlying the chorionic plate, near the 
fundus was chosen for sampling. On entering the 
uterus, the 20-gauge needle was observed to pass 
through the margin of the placenta. Because of exces- 
sive fetal movement the needle had to be redirecied 
several times to obtain a sample. The entire procedure 
lasted 7 minutes. After entering the uterine cavity, sev- 
eral strong contractions were palpated, and at the end 
of the procedure tetanic contractions were noted that 
did not respond to 250 wg of subcutaneous terbutaline. 

After obtaining the sample and withdrawing the nee- 
dle, fetal bradycardia was noted sonographically. After 
5 minutes of continuous ultrasonic monitoring, a fetal 
heart rate of 70 beats/min persisted and fetal gasping 
movements were noted. The patient was then trans- 
ferred to the delivery suite. Approximately 10 minutes 
after the initial bradycardia, a sonogram noted the fetal 
heart rate still to be 70 beats/min and a cesarean sect:on 
was performed, with the delivery of a male infant 3 
minutes later. The amniotic fluid was tinged with blcod 
with several small clots and the Apgar scores were 3, 
5, and 7 at I, 5, and 10 minutes, respectively. Fetal 
weight was 3330 gm and venous cord blood gases were 
analyzed (pH 7.40, Pco, 57 mm Hg, Po, 26 mm Hg, 
57% oxygen saturation). The baby, initially intubated, 
was on room air breathing spontaneously at 30 minutes 
of life. Blood pressure was 60/40 mm Hg and the he- 
matocrit was 48% with no evidence of hypovolemia. At 
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20 minutes of life arterial blood gas values were pH 
7.28, carbon dioxide 62 mm Hg, oxygen 28 mm Hg, 
and 94% saturation. 

Examination of the placenta revealed a 1.5 cm lac- 
eration at the margin of the placenta at the insertion 
of the membranes. Subchorionic fresh blood was evi- 
dent, in addition to blood clots on the maternal surface 
of the placenta representing a small marginal abruptio. 
The fetal blood that was obtained by percutaneous um- 
bilical sampling revealed a hemoglobin of 14 gm/dl, a 
hematocrit of 40%, a mean cell volume of 101 fl, a 
positive activated partial thromboplastin time test for 
fetal blood, and a normal karyotype (46,XY). Pediatric 
examination revealed a left central cataract. No other 
dysmorphic features were present and metabolic work- 
up has been negative. 

The fetal hydronephrosis has resolved. The baby suf- 
fered a seizure at 24 hours of life without recurrence 
and was subsequently discharged with normal neuro- 
logic follow-up at 6 months. 


Comment 


In experienced hands, percutaneous cord sampling 
appears to be a safe procedure. Daffos et al.” published 
a preliminary report of 53 cases in 1983 and more 
recently have accumulated 1050 pregnancies, with only 
two fetal losses that might have been related to the 
procedure. The spontaneous abortion rate was 0.8% 
with a 1.1% occurrence of intrauterine fetal death.' 
Percutaneous umbilical sampling therefore appears to 
be a relatively safe procedure that certainly has a lower 
loss rate than the 4% loss associated with fetoscopy. The 
safety of percutaneous cord sampling, however, re- 
quires further documentation, particularly as it be- 
comes a more widespread diagnostic tool, to allow.more 
informed pretest counseling of patients. In addition, 
the circumstances in which morbidity occurs may pro- 

_vide guidance about techniques to help minimize future 
risk. 

In our case, persistent fetal bradycardia was dem- 
onstrated after 5 minutes of continuous ultrasonic 
monitoring and again at 10 minutes. Bradycardia last- 
ing more than 2 minutes is uncommon and not related 
to vagal stimulation from insertion into the cord but 
may represent fetal compromise. Arterial blood gas 
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analysis in this case, however, showed only mild hyp- 
oxia, perhaps because the patient was delivered within 
13 minutes under general anesthesia and the insult was 
short lived. 

Abruptio placentae after cord sampling has not been 
previously reported. We reported its occurrence here 
in association with the sampling of a fundal placenta. 
In a fundal placenta, the anteriorly placed needle (near 
the placental margin) may seem to demonstrate in- 
creased mobility because it may not transverse the full 
thickness of the placenta. In this case, however, moving 
the needle from side to side at the placental margin 
may have caused laceration and disruption of the pla- 
centa. Thus it would seem reasonble to use alternative 
means to avoid excessive needle manipulation at the 
placental margin or when transversing the placenta in 
an anterior or fundal placenta when the cord insertion 
site is not visualized and sampling of a free loop of cord 
is attempted instead. Alternatively, intramuscular or 
intravenous diazepam, pancuronium, or another mus- 
cle blocker as used when transfusing fetuses can be used 
to decrease fetal activity.” These agents may be less use- 
ful, however, when only a cord sampling is planned. 
Finally, fetal monitoring after the procedure must be 
routine and should be performed in an area in which 
an immediate cesarean section can be performed. 

Each institution offering percutaneous umbilical 
sampling must analyze the risk of the procedure based 
on their own experience. We have been offering the 
procedure when indicated to’ patients over the past 2 
years without significant morbidity. This case occurred 
in the beginning of that experience. It is possible, there- 
fore, that when this procedure becomes more wide- 
spread, morbidity may increase as it is performed by 


less experienced personnel. 
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SonoVu USA visible improvement 
in ultrasound-guided aspiration. 


The clearly visible bright echoes on the real-time sonogram 
below mark a breakthrough in accuracy and safety for fine- 
needle aspiration under ultrasound guidance. 
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hole creates a highly visible echo on the US display. 


The side holes also Provide a significant increase in needle 
flow rate, and ensure free flow should the tip become 
occluded—often the case with spinal or chiba needles, 


Developed for use in amniocentesis, the SonoVu design 


Standard Spinal Needle 





Reference: Amniocentesis Needle with Improved Sonographic Visibility. Radiology 1989: 171-57" _ s77 
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TRI-LEVLEN® 28 Levonorgestrel and ethinyl estradiol 
TRI-LEVLEN® 21 tablets—Triphasic regimen 


BRIEF SUMMARY 

Tri-Levien®—6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne-3, 17- 
diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic regimen). 

Indications and ri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OCs) as a method of contraception. 

OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4, Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 
developed during the use of OCs or other estrogen-containing products. 











Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk increases with age and 
site taney smohing (1 wre: Cqnetion por Gay) an gals marknd omen Dia SS soot ef sau, Women wha ior are 
Contraceptives should be strongly advised not to smoke, 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, peir disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers te develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
Mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use, The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49—140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not 
possible, however, to examine the interrelationships of age, smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of 
these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis), Should any of these occur or be suspected, the drug should 
be discontinued immediately. A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported in OC 
users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased risk of 
thromboembolism or prolonged immobilization 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. in the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
adenocarcinoma of the endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
women who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
cancer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. In summary, there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

4, Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pass should be ruled out before continuing. If the 
patient has not adhered to the prescribed schedule, the possibility pabo Should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Tri- 
Levlen Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of these 
findings remains to be defined. 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 
9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
Severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. In 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal Saang from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary, 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly poenas, may also occur in women without previous irregularities. 
11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than 1 year 
without another physical examination and PAP smear being performed. 2. Under the infiuence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which 
may result in a relative pyridoxine deficiency. The clinical significance of this is yet to be 
Since the pregnant 
incidence of 


® determined. 8. Serum folate levels may be by OC therapy. Si 
Y woman is predisposed to the development of folate deficiency and 
deficiency increases with increasing gestation, it is possible that if a woman becomes 
pregnant shortly after stopping OCs, she may have a greater chance of developing folate 
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deficiency and complications attributed to this deficiency. 9. The pathologist should be 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine- 
and liver-function tests and blood components may be affected by estrogen-containing 
OCs: a. Increased sulfobromophthalein retention. b. Increased prothrombin and factors 
Vil, Vill, IX and X; decreased antithrombin 3; increased norepinephrine-induced platelet 
aggregability. c. Increased thyroid-binding poe (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay. Free T3 resin uptake 
h — wernt the elevated TBG; free T4 concentration is unaltered, d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 
Information for the Patient—See Patient Package Labeling 
Drug Interactions—Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use cf 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 
Pregnancy—Pregnancy Category X. See “Contraindications” and “Warnings.” 
Nursing Mothers—See “Warnings.” 
Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
ere disease, benign hepatomas, congenital anomalies. 

ere is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related; Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow; dysmenorrhea; amenorrhea during and after 
treatment; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; ee increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted : 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 
Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
Dosage and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information in package insert. 60611-1 5/86 
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Pregnancy hemoperitoneum and placenta percreta in a patient 
with previous pelvic irradiation and ovarian failure 


Gabriella Pridjian, MD,* Nancy E. Rich, MD, and Anthony G. Montag, MD? 


Chicago and Hinsdale, Illinois 


Placenta percreta in a patient with previous pelvic irradiation has never been described. Reported is a 
case of placenta percreta with hemoperitoneum associated with a second-trimester incomplete abortion in 
a patient with previous pelvic irradiation and ovarian failure. (Am J OBsteT GYNECOL 1990;162:1205-6.) 


Key words: Pelvic irradiation, ovarian failure, placenta percreta, uterine perforation, g 


hemoperitoneum 


Pregnancy in patients with previous pelvic irradiation 
has been associated with preterm labor, preterm deliv- 
ery, and low birth weight. This case report indexes a 
new concern, that of abnormal placentation. 


Case report 


A 23-year-old primigravid white woman was seen 
with incomplete abortion, vaginal hemorrhage, abdom- 
inal pain, and hypotension. At age 7 years the patient 
had been treated for a 12 cm clear cell sarcoma of the 
left gluteus maximus tendon sheath with wide excision 
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and 4000 rad preoperative and 3000 rad postoperative 
external beam radiation. She remained free of disease 
but had left hemipelvic hypoplasia and delayed pu- 
berty. Evaluation at age 13 years revealed mild adren- 
arche, minimal telarche, bone age of 10% years, serum 
estrogen level of 10 pg/ml, luteinizing hormone level 
of 31.3 mIU/ml, and follicle-stimulating hormone level 
of 104 mI U/ml (normal levels for reproductive women: 
estrogen >25 pg/ml; luteinizing hormone 5 to 20 
mIU/ml; and follicle-stimulating hormone 5 to 20 
mIU/ml). One year later serum follicle-stimulating 
hormone level was 114 mIU/ml. She was treated with 
cyclic high-dose estrogen and progestin with no with- 
drawal bleeding. She subesquently married and had 
successful intercourse after vaginal dilatation. At age 
23 years, 6 months after electively discontinuing re- 
placement therapy, she saw her gynecologist with a 4- 
day history of vaginal bleeding. Cervical stenosis pre- 
cluded endometrial sampling. Pelvic ultrasonography 
revealed a viable 8-week intrauterine pregnancy, fundal 





Fig. 1. Implantation of villous trophoblast directly onto myometrium of attenuated uterine wall 
(arrow). (Hematoxylin and eosin stain; original magnification X 100 [arrow length is 0.1 mm].) 
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Fig. 2. Cytotrophoblast and syncytiotrophoblast infiltrate to the serosal surface of the uterus (arrow). 
(Hematoxylin and eosin stain; original magnification x 200 [arrow length is 0.05 mm].) 


placenta, and thin uterine wall. The patient was hos- 
pitalized at 11 weeks with severe abdominal pain and 
discharged after extensive evaluation with a diagnosis 
of threatened abortion. She was seen at 13 weeks with 
vaginal bleeding, severe abdominal pain, and hypoten- 
sion. A 13-week fetus was passed without placental tis- 
sue and she was transferred to a tertiary care center. 
The uterus was found to be 10 weeks in size and passage 
of a suction curette tip into the uterine cavity met with 
no resistance. Exploratory laparotomy revealed 1 L of 
predominantly old blood in the peritoneal cavity and 
an elongated, thin-walled uterus with a 2 cm ragged 
anterior fundal defect. The left ovary was atrophic and 
the right ovary measured 2.0 by 1.5 by 1.5 cm and had 
a smooth surface. Because of extensive parametrial and 
paracervical fibrosis, a supracervical hysterectomy and 
left salpingo-oophorectomy were performed with res- 
olution of bleeding. She was discharged in good con- 
dition on the fifth postoperative day. 

Gross examination of the uterus revealed a fundal 
wall thickness of 0.2 to 0.5 cm (Fig. 1). Histologically 
there was a marked absence of decidua, with a wide 
area showing implantation of chorionic villi directly 
into the attenuated myometrium. In several foci, in- 
cluding the area of perforation, the villi extended to 
the serosal surface (Fig. 2). The male fetus had no gross 
or microscopic abnormalities. 


Comment 


Placenta accreta, increta, and percreta reflect differ- 
ing degrees of abnormal implantation of chorionic villi 
directly into the myometrium as a result of a preexisting 
deficiency of decidua. The reported incidence varies 
but ranges from 1 in 540 to 1 in 93,000 births, with 
recent reports of approximately | in 2500 births.' Risk 
factors include placenta previa and conditions that dis- 
rupt the normal endometrial lining such as prior in- 


strumentation, Asherman’s syndrome, uterine congen- 
ital abnormalities, and multiple pregnancies or miscar- 
riages. 

The pelvic radiation dose received by the patient re- 
ported here was sufficient to produce a decidual defect 
and clinical ovarian failure. Permanent sterility can re- 
sult in young women after a dose of 1200 to 1500 rad 
to the ovaries.* Although the uterus is relatively resis- 
tant to radiation, the premenopausal uterus develops 
fibrosis and endometrial atrophy with doses of 4000 to 
6000 rad.* The prepubertal uterus is possibly even 
more prone to develop endometrial atrophy, as evi- 
denced in our patient by lack of withdrawal bleeding 
despite cyclic hormonal therapy. The generalized en- 
dometrial atrophy and thin uterine wall led to the re- 
markable extent of placenta percreta seen in this pa- 
tient. In reviewing the literature, no similar example 
of placenta percreta as a late complication of radiation 
therapy was found. 

Because patients who have ovarian failure after pel- 
vic irradiation may be candidates for in vitro fertiliza- 
tion with donor ova or ovum transfer, the potential 
development of abnormal placentation should be con- 
sidered. Assessment of the thickness of the myome- 
trium and integrity of the endometrium by ultraso- 
nography and endometrial biopsy, respectfully, may be 
warranted in their counseling and management. 
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The ferning test for detection of amniotic fluid contamination 


in umbilical blood samples 


Andrew Chao, MD, James P. Herd, MD, and Khalil M. A. Tabsh, MD 


Los Angeles, California 


There is currently no standard means of detecting amniotic fluid contamination in fetal blood obtained by 
percutaneous umbilical blood sampling. The ferning test is proposed for this purpose. An in vitro model, 
using centrifuged serial dilutions of neonatal cord blood and amniotic fluid, showed that ferning of the 
supernatant occurs in proportion to the degree of contamination. A system for grading ferning was 
devised, and tested in a blind trial. For the detection of amniotic fluid contamination of 10% or more, the 
method showed a sensitivity of 98% and a specificity of 81%. The method may be useful in percutaneous 
umbilical blood sampling, and in the diagnosis of spontaneous rupture of membranes with vaginal 


bleeding. (Am J OssTeT GYNECOL 1990;162:1207-13.) 


Key words: Percutaneous umbilical blood sampling, cordocentesis, amniotic fluid, 


ferning test 


Fetal blood specimens obtained by percutaneous um- 
bilical blood sampling (cordocentesis) may be contam- 
inated by maternal blood or amniotic fluid. Although 
maternal blood contamination can be identified with 
Kleihauer-Betke stain or mean red cell volume mea- 
surement,' there is no standard method to detect partial 
contamination with amniotic fluid. 

Amniotic fluid smears form ferning patterns on 
drying, whereas human serum does not. * We there- 
fore proposed that the presence of ferning in plasma 
from heparinized cordocentesis specimens indicates 
amniotic fluid contamination, and that the extent of 
ferning is proportional to the degree of contamination. 
This hypothesis was tested in vitro with mixtures of 
amniotic fluid and neonatal cord blood specimens. 


Material and methods 


Ten amniotic fluid specimens were obtained from 
third-trimester pregnant women at the University of 
California Los Angeles Center for Health Sciences by 
one of the following techniques: (1) intrapartum trans- 
cervical needle amniotomy for indicated artificial rup- 
ture of membranes, (2) indicated amniocentesis, or (3) 
needle aspiration through intact membranes at cesar- 
ean delivery. Patients were selected serially. Cases of 
chorioamnionitis were excluded because umbilical 
blood sampling would not generally be considered with 
chorioamnionitis present. 
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For transcervical aspirations, a 20-gauge, 6-inch nee- 
dle and introducer of the type used for pudendal nerve 
block were used. Fluid in amounts of 2 to 6 ml was 
obtained at each sampling. Specimens visibly contam- 
inated with blood were not used to ensure accuracy of 
the serial dilutions described below. 

Each amniotic fluid specimen was paired with a cord 
blood specimen obtained within the same 24-hour pe- 
riod. Blood (2 to 6 ml) was drawn from a cord vessel 
immediately after placental delivery by means of a nee- 
dle and syringe wetted with 1:1000 heparin sodium. 
Blood and amniotic fluid from the same pregnancy 
were paired when possible; otherwise, blood from an- 
other third-trimester delivery was substituted. 

The amniotic fluid was stored at 4° C until the cor- 
responding blood sample was obtained. Serial dilutions 
of blood containing 10% to 90% amniotic fluid (by vol- 
ume) in 10% increments then were prepared with a 
calibrated micropipette. Net volume per dilution was 
100 pl. Aliquots of about 70 wl were drawn into pre- 
heparinized microhematocrit capillary tubes. In addi- 
tion, one tube each of pure blood and pure amniotic 
fluid were prepared. 

The tubes were sealed and centrifuged for 6 minutes 
at 12,000 rpm. The hematocrit of the pure blood spec- 
imen was measured. Each tube was then cut with wire 
strippers at the cell-supernatant interface, and the cel- 
lular fraction was discarded. Two drops of supernatant 
were shaken onto a microscope slide from the uncut 
end of the tube. The fluid was smeared with a coverslip, 
and dried under a 100 W incandescent lamp at a dis- 
tance of 4 to 6 inches. 

The entire smear on each slide was examined under 
low power (X32), advancing to X80 or X200 as 
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Fig. 1B. “Curling” pattern, 100% plasma. (Original magnification x 80.) 


needed to characterize specific patterns. Slides were 
classified by the degree of complexity of their geometric 
patterns. 

After a four-grade classification system was estab- 
lished based on examination of these first 10 specimens, 
a blind trial was performed to test the accuracy of the 
system. 

From each of 8 new plasma—amniotic fluid mixtures, 
eight slides (two of 0%, one each of 10%, 20%, 30%, 
40%, 50%, and 60%) were prepared. The labels were 


masked with tape, and the slides were read in assorted 
sets of 16 or 24 by two of us (A. C. and J. H.) working 
independently. Our predicted grade was then com- 
pared to the actual grade, and the specificity, sensitivity, 
and efficiency of the method in detecting contamina- 
tion were determined. 


Results 


The gestational ages of the 16 donors contributing 
to the first 10 mixtures ranged from 31 to 41 weeks, 
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Fig. 1C. “Thorn” (left) and “pseudoferning” (right) patterns, 100% plasma. (Original magnification 


X 32.) 


Table I. Characteristics of ferning patterns 


% Aminiotic 
Grade fluid Pattern of foreign particles 


Secondary branching patterns 
contiguous with particles 


0 0 Thorn 
I 10 
I 20 
Il 30 
Il 40 
HI =50 


As in 10%, plus discrete secondary 
branching near foreign particles 


Discrete tertiary complexes 


Discrete teritary complexes 


Discrete tertiary complexes 


Background pattern 


Crystalline, curling, and/or 
pseudoferning 

Primary branching with 
=4 terminal points 

Primary branching with 
many 4- and 5-terminal- 
point figures 

Simple secondary com- 
plexes, >5 terminal 
points 

Simple secondary com- 
plexes, few tertiary 

Multiple fields filled with 
tertiary complexes 





with a median of 39.5 weeks. The cord blood hemat- 
ocrit range was 42% to 58% (median 46%). 

Pure plasma most often presents as a background of 
fine polygonal crystals of under 10 pm diameter. In 
addition, four other patterns that must be distinguished 
from true ferning are seen in pure plasma. 

First, geometric “crystalline” figures of 200 to 400 
um in diameter (Fig. 1A) were seen in five of 10 
samples. 

Second, “curling,” elongated structures up to 300 pm 
in length (Fig. 1B) were seen in six samples. These 
figures have a broad central spine and a wide serrated 
border, and some produce starfish-like patterns. 

Third, “pseudoferning,” branching complexes of 
200 to 500 um diameter (Fig. 1C) were seen in five 
samples. These differ from true ferning by having 


broad serrated branches (rather than narrow ones with 
smooth edges), and by lacking a narrow central spine 
that appears alternately bright or dark as the fine-focus 
is adjusted. 

Finally, thickly interlaced, linear complexes sur- 
rounding foreign particles were seen in seven samples 
(Fig. 1C). These complexes may have secondary 
branching, but are always in direct continuity with the 
foreign particle and do not form freestanding adjacent 
complexes. The foreign particles were thought to be 
dust, cellular debris, and glass fragments from cutting 
the capillary tubes. 

The preceding patterns were seen with decreasing 
frequency as amniotic fluid content increased. They 
were absent from all specimens at 50% contamination 
or greater. 
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Fig. 2. Pattern around a foreign particle, 10% amniotic fluid. Note the loose pattern caused by lack 


of tertiary buds. (Original magnification X 200.) 





Fig. 3. Background pattern, 10% amniotic fluid. Note the majority of figures terminate in four or 
fewer points. Narrow arrow indicates a primary branching pattern with three terminal points. Broad 
arrow indicates a secondary branching pattern with five terminal points. (Original magnification 


x 80.) 


With increasing amniotic fluid content, primitive 
ferning patterns are first seen around the foreign par- 
ticles. At any given level of contamination, the pattern 
of the background (that is, those areas at least one x 200 
field away from foreign particles) is less complex than 
the pattern around foreign particles. 

The characteristic patterns are summarized in Table 


I. A pattern is described only if present in six or more 
of the 10 specimens at that dilution. Examples of the 
ferning patterns at various dilutions are shown in Figs. 
2 to 6. A fully developed ferning pattern has primary 
stems radiating from a central point, secondary 
branches arising from the primaries, and tertiary buds 
from the secondary branches. 
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Fig. 4. Pattern around a foreign particle, 30% amniotic fluid. Note the discrete, closely packed fern 
clusters with tertiary buds. (Original magnification x 200.) 
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Fig. 5. Background pattern, 40% amniotic fluid. Note the prominent secondary branching, with 


well over five terminal points per complex. Arrow indicates an example of a secondary branching 
pattern. (Original magnification x 80.) 
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To simplify the clinical application of this method, a 
four-grade system was devised. Grade 0 represents 0% 
contamination, grade I includes 10% and 20%, grade 
II includes 30% and 40%, and grade III includes 50% 
and higher. Ferning patterns within each grade are 
quite similar. 

The blind trial to evaluate the grading system in- 
cluded two readings from each of 64 slides from eight 


samples, for a total of 128 readings. The efficiency for 
assigning the correct grade to each slide was 80% 
(102/128). All incorrect diagnoses varied by one grade 
from the correct grade. 

To evaluate this method for the detection of any 
contamination of 10% or more, the grades were trans- 
formed into two nominal groups: not contaminated 
(grade 0), and contaminated (grades I, I, or IIT). Thus 
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Fig. 6. Background pattern, 50% amniotic fluid. Two different types of ferning patterns are seen. 
Arrows indicates an example of a tertiary budding pattern. (Original magnification X 80.) 


the sensitivity in detecting contamination was 98% 
(94/96); the specificity was 81% (26/32), and the effi- 
ciency was 94% (120/128). 


Comment 


Daffos et al.‘ reported specimen contamination with 
amniotic fluid or sodium citrate anticoagulant in 2.4% 
of 606 fetal blood specimens, although the method of 
determination was not described. Contamination pre- 
sumably occurs during aspiration if the needle tip is 
displaced from the vessel lumen, or if the puncture 
wound is large enough to permit ingress of fluid. A 
color change caused by amniotic fluid in the specimen 
may be hard to detect, particularly if contamination 
occurs in midaspiration. In this experiment the tint of 
the mixture was not remarkably lighter until grade III 
contamination was present. 

We therefore suggest that the ferning preparation 
be used as a quality assurance test for each cordocen- 
tesis specimen intended for quantitative analysis. The 
materials required are inexpensive and readily avail- 
able. Only 50 to 70 wl of the specimen would be needed, 
using a capillary tube applied directly to the syringe tip 
after gentle mixing. 

The method has good sensitivity and efficiency in 
detecting contamination of 10% or more. When evi- 
dence of significant contamination accompanies quan- 
titative abnormalities in the blood specimen, a repeat 
sampling should be considered. 

The specificity of 80% reflected a tendency to over- 
diagnose grade 0 slides as grade I. In retrospect, this 
error was primarily a result of overinterpretation of the 


thorn-like pattern around foreign particles. Even when 
the branching appeared more complex than expected 
of grade 0, such patterns appeared less frequently (once 
or twice) on true grade 0 slides than on grade I. It is 
therefore important that the entire smear be examined. 

We recommended that clinicians who choose to use 
this technique make their own slides from in vitro mix- 
tures for practice instead of relying solely on the photo- 
micrographs provided. These unstained slides cannot 
be used for permanent reference because the patterns 
disintegrate or become coarse after standing for several 
days. Centers that use sodium citrate for umbilical 
blood sampling should substitute that anticoagulant for 
heparin in making the practice slides. 

For use in percutaneous umbilical blood sampling, 
we do not recommend attempts to correct quantitative 
data on the basis of the estimated degree of contami- 
nation because there is no assurance of uniform mixing 
of amniotic fluid throughout the specimen in the sy- 
ringe. 

This method could be useful in second-trimester um- 
bilical blood sampling, particularly in management of 
the Rh-immunized pregnancy. Amniotic fluid is capable 
of ferning as early as 9 weeks’ gestation.’ To show that 
the same grading system is appropriate, the in vitro 
experiment should preferably be repeated with second- 
trimester amniocentesis samples and cord blood ob- 
tained directly, as from prostaglandin-induced mid- 
trimester abortuses. 

An alternative proposal for indirect detection of am- 
niotic fluid contamination involves the observation of 
concurrent low hematocrit, white blood cell count, and 
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platelet count in the specimen. The amount of contam- 
ination required to lower all three parameters below 
the normal limits has not been described in the liter- 
ature. In this study complete blood counts were not 
performed on the contaminated specimens. 

The ferning test may also be useful for the rapid 
confirmation of suspected ruptured membranes in the 
presence of vaginal bleeding, as in cases of placenta 
previa. The method would be much faster and more 
economical than assaying the vaginal specimen for 
a-fetoprotein or prolactin. 

In summary, the ferning test is a simple, inexpensive, 
rapid, and accurate means of detecting amniotic fluid 
contamination of blood specimens, and holds promise 
for quality control application to the technique of per- 
cutaneous umbilical blood sampling. 
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Is pH test paper as accurate as the electronic measurement of 


the pH of vaginal secretions? 


Jessica L. Thomason, MD, Sheldon M. Gelbart, PhD, Lisa M. Monagle, RN, 


Janine A. James, MD, and Fredrick F. Broekhuizen, MD 


Milwaukee, Wisconsin 


A comparison was made of two brands of pH test paper and electronic instrumentation for measuring the 
pH of vaginal secretions. When the pH of vaginal secretions was >4.5 (abnormal), there was no significant 
difference between the methods, showing that pH test paper is reliable for pH determination of vaginal 


secretions. (AM J OssteT GYNECOL 1990;162:1213-4.) 


Key words: pH, vaginal secretions 


Increased pH of vaginal secretions is an important 
sign that aids in the diagnosis of several vaginal dis- 
orders (e.g., bacterial vaginosis and trichomoniasis).' 
Vaginal pH is generally determined by the use of test 
papers as recommended by Gardner and Dukes? in 
1955. Despite vast improvements in technology of both 
pH instrumentation and test papers, a comparison of 
these methods for measuring vaginal pH has not been 
reported since 1955." The purpose of this study was to 
compare two types of pH test papers to state-of-the-art 
pH instrumentation to determine how reliable pH test 


From the Department of Obstetrics and Gynecology, University of 
Wisconsin Medical School. 

Received for publication July 20, 1989; accepted December 4, 1989. 

Reprint requests: J. L. Thomason, MD, Division of Gynecology, Sinai 
Samaritan Medical Center, P.O. Box 342, Milwaukee, WI 53201- 
0342. 

6/1/18610 


paper measurements were when used in the clinical 
situation. 

Vaginal secretions were collected from 64 randomly 
selected, nonmenstruating, premenopausal women, 
who had given consent. Samples were obtained from 
the lateral vaginal fornix on three dry cotton-tipped 
swabs. Care was taken to avoid any cervical mucus. 
Swabs were unlabeled when presented to the techni- 
cian. This was done to obtain randomization of sam- 
pling because the technician did not know the order in 
which the swabs were obtained. Vaginal secretions were 
tested immediately for pH by the following methods: 
one swab was touched to the surface of Nitrazine pH 
test paper (E. R. Squibb & Sons Inc., Princeton, N.J.). 
The pH was read according to the color indicated per 
manufacturer’s instructions. A second swab was probed 
with an MI415 Microcombination pH probe (Micro- 
electrodes, Inc., Londonderry, N.H.), and the pH was 
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Table I. Comparison of vaginal pH determinations by pH test papers and pH instrumentation in 61 


evaluable patients 








ColorpHast vs meter 


Mean 4.55 i 4.51 
Variance 0.35 0.48 
SD 0.59 0.69 
SE 0.08 0.09 
t Value 1.040 
p Value 0.303 


read from an Orion model 301 pH meter (Orion Re- 
search Inc., Cambridge, Mass.). The electrode can mea- 
sure quantitites as small as 0.5 ul, and the meter is 
accurate to +0.04 pH units. The meter was calibrated 
with pH reference buffers at pH 4.01 + 0.0] and pH 
7.00 + 0.01 (American Hospital Supply Corp., McGaw 
Park, Il.). A third swab was touched to ColorpHast pH 
test paper (E. Merck, Darmstadt, West Germany). The 
pH was read according to the color indicated per man- 
ufacturer’s instructions. Statistical evaluation was per- 
formed with Student’s paired ¢ test. 

Three (5%) patients were found to have insufficient 
amounts of discharge to allow any measurement. The 
data from 61 evaluable patients are presented in Table 
I. There was no statistically significant difference be- 
tween ColorpHast pH test paper and the pH instru- 
mentation, but there was a statistically significant dif- 
ference between Nitrazine pH test paper and both 
ColorpHast paper and instrumentation. The reason for 
this difference was not the accuracy of Nitrazine paper 
but rather the lower limit of pH that can be determined. 
Nitrazine shows all pH values =4.5 as 4.5. This limits 
the data obtained by this method because more than 
one third of our patients (n = 23) had vaginal pH of 
3.8 to 4.0, as determined by the instrumentation 
method. When examining data only from women 
whose vaginal pH was >4.5 as determined by instru- 
mentation, there was no statistical difference between 
the Nitrazine and ColorpHast papers. 

We conclude that pH test paper is as reliable as pH 
instrumentation for obtaining pH measurements of 
vaginal secretions for diagnostic purposes because val- 


Nitrazine vs meter 


Nitrazine vs ColorpHast 


4.74 4.51 4.74 4.55 
0.21 0.48 0.19 0.37 
0.41 0.69 0.44 0.61 
0.06 0.09 0.05 0.08 
2.101 2.036 
<0.05 <0.05 


ues up to 4.5 have, by tradition, been considered nor- 
mal. Therefore either pH paper examined in this study 
accurately reflected pH as determined by more so- 
phisticated instrumentation. pH paper is readily avail- 
able in the clinical setting. As determined in this study, 
clinicians may be assured that pH determinations ob- 
tained with this method are accurate. However, one 
limitation of the pH determinations by test paper is the 
requirement that the patient must have enough vaginal 
secretions present to allow adequate sampling onto the 
test paper. In this study 5% of subjects did not produce 
adequate amounts of vaginal secretions. In these pa- 
tients the only accurate assessment of vaginal secretions 
would be to place an electrode within the vagina onto 
the vaginal walls. An alternative would be to ask the 
patient to return at another time in her menstrual cycle 
to allow the possibility of vaginal secretions to accu- 
mulate. It is interesting that ColorpHast was found to 
be less absorbent than Nitrazine. Theoretically this 
finding would support the premise that more sample 
is required to obtain a measurement with ColorpHast. 
However, in this study any sample that was sufficient 
for Nitrazine was adequate for ColorpHast. In all three 
patients found to have too little secretion, neither paper 
could be used. 
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Pharmacokinetics and pharmacodynamics of ritodrine after 
intramuscular administration to pregnant women 


Steve N. Caritis, MD, Raman Venkataramanan, PhD, Margaret Cotroneo, RN, 
Marilyn Smith, RN, Jye Ping Chiao, MS, and Karen Habucky, BS, RPh 


Pittsburgh, Pennsylvania 


To define the pharmacokinetics and pharmacodynamics of ritodrine after intramuscular injection, we 
administered 5 or 10 mg ritodrine into the gluteus or deltoid muscles of 12 pregnant volunteers. Six - 
women received 5 mg and six received 10 mg into each muscle group on different days. We withdrew 
blood samples before and 12 times in the 6 hours after ritodrine injection. Blood pressure and heart rate 
were recorded at each time. Ritodrine was measured by high-performance liquid chromatography. Peak 
ritodrine concentrations (mean + SD) after a single 5 mg injection in the deltoid or gluteus were 38 + 13 
and 26 + 8 ng/ml, respectively. After a 10 mg dose in the deltoid or gluteus, peak concentrations were 
59 + 30 and 47 + 22 ng/ml, respectively. Although higher, the peak plasma concentrations after 
injections into the deltoid were not significantly greater than those after injection into the gluteus. None of 
the pharmacokinetic parameters differed according to dose or injection site. The pharmacodynamic effects 
of ritodrine were unaffected by injection site, but ritodrine caused a dose-related increase in heart rate and 
systolic blood pressure and a dose-related decrease in diastolic blood pressure. After a 10 mg injection, 
the maximal changes in heart rate, systolic, and diastolic blood pressure were 22%, 10%, and 19%, 
respectively. However, mean blood pressure was not altered by either the 5 or 10 mg dose. These 
findings indicate that there are few differences in pharmacokinetic parameters between deltoid and gluteal 
injection of ritodrine. The single intramuscular injection of 5 or 10 mg ritodrine results in labor-inhibiting 
concentrations with clinically insignificant cardiovascular effects. (Am J OssteT GYNECOL 1990;162:1215-9.) 


Key words: Ritodrine, kinetics, intramuscular injection, pregnancy 


Ritodrine is the only agent approved by the Food and 
Drug Administration for the treatment of preterm la- 
bor. Although the drug is approved for intravenous 
and oral administration, it is not approved for intra- 
muscular administration. In certain situations, how- 
ever, the intramuscular route of administration may be 
superior to either the intravenous or oral routes. For 
example, because intravenous administration of a 
B-adrenergic receptor agonist is occasionally associated 
with serious side effects, this route of administration is 
not ideal for women in preterm labor who are being 
transferred to a tertiary center. Similarly, oral admin- 
istration of B-adrenergic receptor agonists is unlikely 
to achieve labor-inhibiting plasma concentrations in 
such cases, and is therefore not a good alternative.' In 
the absence of any Food and Drug Administration ap- 
proved B-agonist for intramuscular or subcutaneous 
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use, terbutaline has been used in many clinical situa- 
tions when intravenous or oral routes of administration 
are not appropriate. Terbutaline is an effective tocolytic 
agent when administered subcutaneously,” * but the 
drug is not approved for the treatment of preterm 
labor. 
Considerable data following intramuscular admin- 
istration of ritodrine were obtained from clinical trials 
preceding the drug’s release in 1980. Approval for this 
route of administration, however, was not sought or 
obtained, but the drug appeared to be safe and effi- 
cacious. Recently, ritodrine was shown to be equally 
effective in treating preterm labor when administered 
either intramuscularly or intravenously.‘ In this and in 
previous studies the dose of ritodrine, (5 to 10 mg), 
frequency of injection, (every 2 to 4 hours), and site of 
injection, (vastus lateralis or deltoid) were based on lim- 
ited pharmacologic data. Pharmacokinetic data after 
intramuscular injection of ritodrine to pregnant women 
are not available. We undertook this study to define the 


‘pharmacokinetic and pharmacodynamic parameters of 


ritodrine after intramuscular administration to preg- 
nant women. We evaluated pharmacokinetic parame- 
ters according to the injection site and pharamcody- 
namic effects according to dose and injection site. 
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Table I. Injection of 5 and 10 mg ritodrine 
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Ritodrine 

















10 mg 





Dose. (mg) 10 
Cases 6 6 6 6 
Observed peak concentration (ng/ml) 26 + 8 38 + 13 47 + 22 59 + 30 
Observed time to peak (min) 1444 7 + 3* 1345 10 + 6 
Concentration 
At 2 hr (ng/ml) 5.2 + 2.1 5.7 + 2.7 13.8 + 5.3 9.7 + 1.6 
At 4 hr (ng/ml) 3.0.+ 1.7 2.3 + 1.2 4.34 1.5 4.3 + 1.9 
AUC (ng/ml/min) 2392 + 1400 2361 + 894 4543 + 990 4186 + 981 
*Significant difference between injection sites. 
AUC, Area under the plasma concentration time curve. 
Table II. Pharmacokinetic parameters 
Ritodrine 





Apparent volume of distribution 4.92 + 1.98 
at steady state (L/kg) 
Apparent plasma clearance 35.65 + 14.41 


(ml/min/kg) 
Disposition rate constant (min~') 
Disposition half-life (min) 
Mean residence time (min) 


0.0065 + 0.0015 
112 + 25 
138 + 24 


Material and methods 


We recruited 12 pregnant nonlaboring women for 
this study after approval by the Research Review and 
Human Experimentation Committee at the University 
of Pittsburgh, Magee-Womens Hospital. The pregnan- 
cies were between 22 and 34 weeks’ gestation. The 
women had not received tocolytic agents before the 
study nor were they involved in other clinical trials 
reported from our institution. We excluded women 
with medical or obstetric contraindications to the use 
of tocolytic agents. Before the study we obtained an 
electrocardiogram, hemoglobin and hematocrit stud- 
ies, and performed a general physical examination to 
rule out any medical complications. 

Each woman received two injections of ritodrine, one 
into the gluteus, and on a different day, the same dose 
was injected into the deltoid muscle. Six women re- 
ceived 5 mg and six received 10 mg of ritodrine. The 
mean + SD height and weight were 65 + 7 kg and 
153 + 24 cm for the women receiving the 5 mg dose 
and 65 + 4 kg and 159 + 32 cm for the women re- 
ceiving the 10 mg dose. The injection site was randomly 
selected in each case. At least 3 days elapsed between 
studies. The women fasted on the morning of study 
and an indwelling intravenous cannula was placed be- 


3.52 + 1.04 4.48 + 0,90 4.80 + 0.51 
33.61 + 9.33 32.63 + 9.98 35.0 + 8.26 
0.0078 + 0.0016 0.0075 + 0.0022 0.0072 + 0.0021 
93 + 23 99 + 27 107 + 33 
108 + 27 136 + 27 143 + 33 


fore the injection of ritodrine. Blood (7 ml) was re- 
moved for measurement of ritodrine before, and at 2, 
5, 10, 15, 30, 60, 90, 120, 150, 180, 240, and 360 min- 
utes after injection of ritodrine. Blood pressure and 
heart rate were recorded at each of the above time 
intervals. During the period of study, subjects were al- 
lowed to ambulate freely. Before and during the study, 
they were prohibited from drinking beverages contain- 
ing caffeine. The women were not taking any medi- 
cation that would interfere with the assay or metabolism 
of ritodrine. 

Within 15 minutes of withdrawal into heparinized 
syringes, blood was centrifuged at room temperature 
for 10 minutes at 2500 rpm. The supernatant plasma 
was immediately frozen at — 20° C until analyzed for 
ritodrine concentration by high-performance liquid 
chromatography with electrochemical detection.’ 

Pharmacokinetic parameters were estimated by the 
LAGRAN program with model-independent meth- 
ods.*” Repeated measures analysis of variance was used 
to compare plasma concentrations or blood pressure 
or heart rate in the various groups under study.’ In the 
analysis of pharmacokinetic parameters, an unpaired 
t test was used to compare group means.® For all sta- 
tistical analyses, values of p less than or equal to 0.05 
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were considered significant. For Fig. 3, plasma ritodrine 
concentrations after repeated injections of 10 mg were 
simulated. We averaged the ritodrine concentration 
data from the 12 subjects receiving a 10 mg dose. 
Concentrations between measured values and to drug 
disappearance were determined by the averaged phar- 
macokinetic parameters of these 12 subjects. The rito- 
drine concentration-time profile was used as a temp- 
late and superimposed on the previous injection’s 
concentration-time profile at the selected dosing inter- 
val (i.e., every 1, 2, or 4 hours). 


Results 


Fig. 1 depicts the mean plasma ritodrine concentra- 
tions at various times after injection of 5 mg (top) or 
10 mg (bottom) ritodrine into the gluteus or deltoid. 
Ritodrine was rapidly absorbed from either site of in- 
jection and with either dose. Peak concentrations were 
higher and achieved sooner after injection into the del- 
toid with either dose (Fig. 1, Table I). Differences in 
peak plasma concentrations between deltoid and glu- 
teal injection sites averaged 25% to 45%, however, these 
differences were not statistically significant and by 15 
minutes after injection, mean values were similar ir- 
respective of injection site (Fig. 1). 

Plasma ritodrine concentrations decreased rapidly 
after peak concentrations were reached. Two hours 
after injection of 10 mg, plasma concentrations aver- 
aged <15 ng/ml and by 4 hours <5 ng/ml (Table I). 
The area under the plasma concentration time curve 
was proportional to the dose administered but was not 
affected by site of injection. 

Pharmacokinetic parameters were analyzed accord- 
ing to dose and site of injection and are listed in Ta- 
ble II. There were no significant differences attribut- 
able to dose or site of injection. Ritodrine is widely 
distributed and extensively bound to extravascular sites 
as evidenced by the large volume of distribution. The 
high clearances suggest that the drug is cleared both 
by hepatic (average blood flow 1500 ml/min) and non- 
hepatic routes. 

Heart rate, systolic, diastolic, and mean blood pres- 
sures after ritodrine injection were evaluated according 
to dose and site of injection. These parameters were 
dose dependent but were not affected by site of injec- 
tion. Repeated measures analysis of variance demon- 
strated no significant differences in any of the above 
variables with identical doses. Cardiovascular data were 
therefore combined for the 12 studies performed with 
the 5 mg dose and the 12 studies performed with the 
10 mg dose. The effect of ritodrine on these cardio- 
vascular variables is depicted in Fig. 2. Statistically sig- 
nificant changes were observed in heart rate and dia- 
stolic blood pressure with both doses. However, neither 
dose significantly reduced mean blood pressure from 
the control value of 77 + 9 mm Hg. The maximal 
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Fig. 1. Mean ritodrine plasma concentrations after injection 
of ritodrine 5 or 10 mg into the gluteus or deltoid. There 
were no significant differences in plasma concentrations re- 
lated to site of injection. Each point represent mean of six 
subjects. 


changes in heart rate, systolic, and diastolic blood pres- 
sures after the 10 mg dose were 22%, 10%, and 19%, 
respectively. 

Fig. 3 shows simulated plasma ritodrine concentra- 
tions during intramuscular injection of 10 mg ritodrine 
at a frequency of 1, 2, and 4 hours. Steady-state peak 
and trough concentrations are reached by 4 hours ir- 
respective of injection frequency. Steady-state peak and 
trough concentrations for the 10 mg dose injected every 
1, 2, or 4 hour(s) were 93 and 54, 62 and 19, 50 and 
6 ng/ml, respectively. For the 5 mg dose injected every 
1, 2, or 4 hour(s), peak and trough concentrations were 
60 and 39, 40 and 13, and 33 and 4 ng/ml, respectively 
(data not shown). 


Comment 


This is the first study to define the pharmacokinetics 
and pharmacodynamics of ritodrine after intramus- 
cular injection in pregnant women. Ritodrine is rapidly 
absorbed after intramuscular injection. Peak concen- 
trations are higher after deltoid injection but this dif- 
ference is short-lived. Fifteen to 30 minutes after in- 
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Fig. 2. Mean values for heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), and ritodrine concen- 
tration (ng/ml) in subjects receiving 10 mg (solid squares, 
n = 12) or 5 mg (open squares, n = 12) of ritodrine intramus- 
cularly. For cardiovascular data only, asterisk indicates value is 
significantly different than control value. 


360 


jection, the plasma concentrations after gluteal or del- 
toid injection are similar. The large volume of 
distribution (Table II), which ranged from 130 L to 
182 L, indicates that ritodrine is widely distributed and 
is extensively bound to extravascular tissue. After the 
drug is distributed it has a disposition half-life ranging 
from 60 to 154 minutes in individual subjects. As shown 
in Fig. 2, plasma concentrations decrease rapidly after 
peak concentrations are achieved, indicating extensive 
distribution of ritodrine. Thus 2 hours after a 10 mg 
dose, the plasma concentration is <15 ng/ml and 4 
hours after injection it is less than 5 ng/ml. The ther- 
apeutic concentration of ritodrine varies widely ac- 
cording to the intensity of the labor stimulus, but when 
the drug is infused intravenously, concentrations from 
28 to 196 ng/ml appear to be inhibitory in most 
cases.® ° These concentrations are achieved with con- 
stant infusions of 50 to 350 g/min.’ Once labor is 
inhibited a lower concentration is commonly necessary 
to sustain inhibition during intravenous therapy.*" At 
the University of Pittsburgh, the labor of 75% of women 
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Fig. 3. Simulated plasma ritodrine concentrations after injec- 
tion of 10 mg every hour (top), 2 hours (middle), and 4 hours 
(bottom). See Material and methods section for description of 
simulation. 
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can be inhibited with a maintenance infusion of 50 
g/min, which is equivalent to an average plasma con- 
centration of 28 ng/ml.*" Thus when ritodrine is ad- 
ministered intramuscularly plasma concentrations 
should probably exceed this value at sometime, if not 
continuously. Gonik et al.! reported that the dose of 
ritodrine required to inhibit labor ranged from 5 to 10 
mg every 2 to 4 hours after multiple injections. These 
doses provide a range of peak concentrations of 40 to 
62 ng/ml and a range of trough concentrations of 13 
to 19 ng/ml. The peak concentrations are comparable 
to those produced at steady state by an infusion of 50 
to 100 pg/ml.*” It is unclear whether ritodrine con- 
centrations must continuously exceed a certain concen- 
tration to be effective. Our data and the observations 
of Gonik et al. suggest that sustained high ritodrine 
concentrations may not be necessary to inhibit labor. 
Ritodrine has a dose-related effect on heart rate and 
systolic and diastolic blood pressures. These cardiovas- 
cular effects are unrelated to injection site. Although 
diastolic blood pressure is reduced by both the 5 and 
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10 mg doses, mean blood pressure is not altered. Thus 
adverse effects on uterine blood flow are unlikely in 
women receiving these doses of ritodrine. From the 
clinical perspective, it is unimportant whether ritodrine 
is injected into the gluteus or deltoid. The transiently 
higher ritodrine concentrations after deltoid injection 
were not accompanied by comparable changes on any 
of the measured cardiovascular parameters. 

In conclusion, we have defined the pharmacokinetics 
and pharmacodynamics of ritodrine when the drug 
is administered intramuscularly. The intramuscular 
route provides labor-inhibiting concentrations rapidly, 
and single injections of 5 or 10 mg are associated with 
minimal cardiovascular effects. Gonik et al.‘ reported 
that ritodrine is equally effective in treating preterm 
labor when the drug is administered either intrave- 
nously or intramuscularly. Study design did not permit 
an in-depth comparison of side effects in the study of 
Gonik et al., but these were uncommon when ritodrine 
was administered intramuscularly. Additional studies 
are needed to determine if the intramuscular route is 
superior to the intravenous route for treating preterm 
labor. The intramuscular route certainly is preferable 
for treating women in preterm labor when they are 
being transferred to a tertiary facility. 
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Surrogate pregnancy: Clinical features of forty-four cases 


Nancy E. Reame, RN, PhD," and Philip J. Parker, MD* 


Ann Arbor and Detroit, Michigan 


This record analysis describes the obstetric outcomes of a series of 44 pregnancies occurring in 41 
women who underwent donor insemination as participants in a private surrogate parenting program 
between 1981 and 1985. The typical surrogate mother was 25 years old with a high school education and 
married with one child 2 years old. Twenty-nine percent of the sample reported no source of income other 
than welfare. Two thirds of the histories included at least one of the following perinatal risk factors: 
smoking (n = 19), low annual income (n = 15), unmarried status (n = 12), or parity of 0 or >4 (n = 5). 
Six losses occurred in the first or second trimester. Thirty-nine viable infants were born to 37 women and 
include one set of fraternal twins. Three of the singleton newborns weighed <2500 gm; newborn morbidity 
after preterm delivery occurred in one case. Women with complications (n = 14) were similar in maternal 
age, education, parity, annual income, marital status, and smoking history to women without complications 
(n = 24). A role for psychosocial stress and financial motivation in the etiology of these outcomes is 


explored. (Am J Ossret GYNECOL 1990;162:1220-5.) 
Key words: Surrogate mother, pregnancy outcome 


A new obstetric population has emerged as a result 
of the pursuit by infertile couples of additional options 
for producing biologically related children. A surrogate 
mother has been defined as a woman who contracts 
with a couple to be artificially inseminated with the 
husband’s semen, carry the pregnancy, and, at the time 
of delivery, relinquish the child and all parental rights 
to the biologic father.' In addition to payment of med- 
ical expenses, there is usually a fee for service paid to 
the woman for pregnancy-related costs such as lost 
wages and time away from family, as well as for poten- 
tial threats to emotional and physical health. 

It has been estimated that as of 1987, some 17 sur- 
rogate parenting programs, many of which are private 
physician-attorney firms, had arranged up to 600 such 
births nationwide.” * Although a storm of controversy 
has surrounded the legal,’* ethical,’® and social® '° im- 
plications of this reproductive alternative, little is 
known of the maternal and fetal health risks for these 
individuals. The Ethics Committee of the American 
Fertility Society" has expressed dismay at the scarcity 
of empiric evidence about how the surrogacy process 
affects those involved. This report describes the ob- 
stetric characteristics of 44 pregnancies occurring in 4] 
women who participated in a private, attorney-affiliated 
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surrogate parenting program and delivered of infants 
between November 1981 and June 1985. 


Methods 


Women were recruited by newspaper advertisement 
for paid volunteers to serve as surrogate mothers. Ap- 
plicants were required to meet the following criteria: 
good general and gynecologic health, <35 years old, 
no previous obstetric complictions or cesarean section, 
no medical or family history of diabetes, cardiovascular 
disease, or other chronic illness, negative findings for 
herpes and trichomoniasis by wet mount, negative 
gonococcal culture and VDRL test result, and serum 
human chorionic gonadotropin levels indicating non- 
pregnancy. Marital status and parity were not used as 
criteria for candidacy. No standard tests of psycholog- 
ical function were performed. All women were judged 
by a psychiatrist to be competent to sign contracts and 
to understand the psychological benefits and risks of 
the surrogate pregnancy experience.” The psycholog- 
ical motivations of 125 applicants to this program have 
been described previously.” 

Prospective surrogate mothers were selected by the 
infertile couple after review of life histories and per- 
sonal or phone interview. Women agreed to abide by a 
contractual arrangement with the childless couple to 
abstain from intercourse during and after the cycle of 
insemination, to refrain from smoking, alcohol, and 
nonprescription drug use, and to undergo a minimum 
of nine regular obstetric examinations. 

After selection by a couple, prospective surrogate 
mothers underwent medical examination. In those 
women who met screening criteria, donor insemination 
was performed by either a family practice physician or 
a gynecologist at midcycle for 1 to 2 days on the basis 
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of menstrual cycle history and quality of cervical mucus. 
Ovulation induction therapy was not used. Women who 
became pregnant were offered the option of attending 
a peer support group, childbirth preparation classes, 
and the services of a labor coach.'* Private psychiatric 
counseling was available on request. The choice of ob- 
stetric health care provider and delivery site were based 
on personal preference of the woman. 

Permission for release of hospital records was ob- 
tained and the records of those women in whom preg- 
nancy was medically confirmed were then reviewed for 
perinatal health characteristics, risk factors, and birth 
outcomes. Prenatal records were assessed for risk fac- 
tors for low birth weight and premature delivery." A 
term pregnancy was defined as one that resulted in 
delivery at 36 to 42 completed weeks from the last 
menstrual period. An obstetric complication was de- 
fined as any abnormality of pregnancy, labor, or deliv- 
ery with a moderate to high risk of leading to maternal 
or newborn morbidity.” 


Results 


Demographic background. The average level of ed- 
ucation for this sample was 12.3 + 2 years. Twelve of 
the 41 women (29%) were welfare recipients or re- 
ported no source of income at the time of insemination 
(two women were full-time students). For the remaining 
29 subjects, the mean annual income was $15,709 
(range $10,000 to $35,000; median $12,000). Marital 
status was as follows: 74% married, 10% divorced, and 
16% never married. The majority of women (78%) 
were living in the metropolitan Detroit area. All of the 
women were white. 


Maternal characteristics 

Forty-one participants experienced 44 pregnancies 
between November 1981 and June 1985. Two women 
who suffered losses at 8 weeks continued in the pro- 
gram and were delivered of term infants after subse- 
quent inseminations. One other woman experienced 
two term births 36 months apart. ‘The women ranged 
in age from 20 to 32 years at the time of delivery 
(mean + SEM 25 + 0.6 years). Thirty-seven of the 41 
women had been delivered of at least one prior live 
infant (mean + SEM 1.7 + 0.2; range 0 to 5). Two 
women as unwed adolescents had previously relin- 
quished a newborn; eight others (20%) had had at least 
one prior elective abortion. By self-report, previous 
pregnancy histories were without major complications 
or perinatal morbidity. Half of the sample had expe- 
rienced their last delivery within 18 months of the time 
of insemination (range 6 to 60 months; mean + SEM 
24 + 3 months). 

In spite of an initial agreement to abstain from smok- 
ing, 17 women (41%) identified themselves as smokers 
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at the time of admission for delivery. In all cases women 
denied the use of alcohol or nonprescription drugs ex- 
cept on rare occasions. Fourteen women (32%) contin- 
ued their employment during the pregnancy (work in 
child care, retail, food service, and secretarial posi- 
tions). 

When prenatal records were reviewed for risk factors 
for preterm delivery and low birth weight, 29 of the 
44 records (66%) included at least one of the following: 
smoking (n = 19), annual family income below $12,000 
(n = 15), unmarried status (n = 12), and parity of 0 or 
>4 (n = 5). In addition to low income, at least one other 
factor was included in 22 of the 44 records (50%). 

Fourteen women (38%) participated in some form of 
a childbirth education program; labor partners in- 
cluded the woman’s husband, mother, a nurse- 
counselor, or the adoptive mother. All women but one, 
who elected a clinic service, chose to have the pregnancy 
managed by an obstetrician in private practice. ` 

Pregnancy course. For the 44 pregnancies, six losses 
(13.6%) occurred in the first or second trimester: four 
at 8 weeks, one at 17 weeks, and one at 21 weeks. The 
latter two losses were due to unknown factors and cord 
abnormalities, respectively. For the remaining 38 preg- 
nancies, the length of gestation ranged from 32 to 43 
weeks (mean + SEM 39 + 0.3 weeks). The mean preg- 
nancy weight gain was 33 + 13 pounds with a range 
of 10 to 59 pounds. 

Labor and delivery characteristics. Fourteen hos- 
pital sites were used for delivery. Thirty-nine viable 
infants, including one set of fraternal twins, were born 
to 37 women. Table I summarizes the labor and delivery 
features of these births. Twenty-one women (55%) ex- 
perienced a spontaneous vaginal delivery at 36 to 4] 
weeks of pregnancy. Twelve (32%) underwent labor 
induction or augmentation by either amniotomy or in- 
travenous oxytocin infusion. The mean length of labor 
during hospitalization was 7.5 + 1.4 hours (range 0.3 
to 36 hours). The following methods of anesthesia were 
used for the 33 vaginal deliveries: paracervical (36%), 
epidural (12%), spinal (8%), and pudendal (4%); vag- 
inal delivery without anesthesia was performed in 13 
cases (39%). Forceps-assisted delivery occurred in one 
case. 

The cesarean section rate was 13%. In three cases 
term pregnancies in multiparous women terminated in 
cesarean section delivery because of labor complica- 
tions. In two other cases emergency cesarean section 
was performed before 40 weeks’ gestation because of 
abruptio placentae and placenta previa. There were no 
maternal complications reported at the time of hospital 
discharge; length of hospital stay did not exceed 5 post- 
partum days. 

Newborn characteristics. Of the 37 singleton births, 
22 were female (59.5%) and 15 were male (40.5%), 
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Table I. Labor and delivery outcomes of 38 
pregnancies in 37 surrogate mothers 





Gestation 


Delivery method (completed wk) n % 


Vaginal 

Spontaneous 36 I 3 
37-4] 20 52 
Induced/augmented 35 1 3 
37-41 10 26 
43 1 3 

Cesarean section 
Labor complications 40 3 8 
Emergency 32, 38 2 5 





giving a male/female sex ratio of 0.7 (p = NS, x’). The 


mean 5-minute Apgar score was 8.9 + 0.1 (range 8 to 
10). One pregnancy resulted in the birth of fraternal 
twin girls. For the singleton births the mean weight of 
the newborns was 3.3 + 0.1 kg (range 2.2 to 4.1 kg). 
Babies born to women who smoked weighed less 
(3.1 + 1 kg) than babies born to nonsmokers (3.5 + 0.1 
kg; p < 0.05, ¢ test). 

Although proof of paternity was not a requirement 
of the program, four couples requested human leu- 
kocyte antigen antibody typing at the time of birth. In 
all cases the biologic father was shown to be the husband 
of the infertile woman. 

Fourteen of the 38 live births (37%) met the criterion 
for an obstetric complication with a moderate to high 
risk of leading to maternal or newborn morbidity 
(Table II). The most common problems were related 
to abnormalities of labor (cases 2, 7, 8, and 9), defects 
of the membranes (cases 1, 3, 4, and 6), and placental 
dysfunction (cases 11, 12, and 14). 

Three complicated cases (8%; 95% confidence inter- 
val 1.6% to 21.4%) resulted in preterm delivery before 
36 completed weeks. Three of the newborns of single- 
ton births weighed <2500 gm (8%; confidence interval 
1.7% to 21.9%); two of these births were to women who 
were smokers. When complicated cases (n = 14) were 
compared with uncomplicated cases (n = 24), there 
were no differences between groups in maternal age, 
education, parity, annual income, marital status, smok- 
ing history, and welfare support (Table II). 

Eleven of the 14 newborns experienced a normal 
postnatal course. In cases 11, 12, and 13, newborns 
required intensive medical treatment and/or an ex- 
tended hospital stay beyond the fifth postnatal day. In 
case 11, medical follow-up of the infant was required 
because of renal hypertension resulting from compli- 
cations of the preterm delivery. 


Comment 


Although surrogate parenting programs have been 
in existence in the United States for a decade, published 
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research on maternal-child health outcomes of this 
practice has been nonexistent. This information is nec- 
essary for health care professionals and childless cou- 
ples to assess the place for surrogate pregnancy in in- 
fertility care, as well as to broaden the spectrum of 
informed consent for the potential surrogate mother. 
Such data are also important for social policy decisions 
regarding the nature and degree of medicolegal reg- 
ulation or prohibition advisable for the practice of sur- 
rogate parenting.’ l 

This record analysis describes pregnancy character- 
istics of a select group of women participants in one of 
the earliest and largest surrogate parenting programs 
in the United States.’ Although the sample size is small 
by traditional standards, it represents approximately 
10% of the estimated national population of surrogate 
mothers at the time of the study. A striking feature of 
this sample was the incidence of multiple sociocultural 
risk factors for obstetric complications in the surrogate 
mother participants. The most common annual income 
category reported by the subjects was =$10,000 (46%), 
which is comparable to the national poverty level for a 
family of four in 1983." A similar demographic profile 
was previously observed for a pool of the first 125 ap- 
plicants to this same program.’ Taken together, these 
findings suggest that women from low socioeconomic 
groups were most likely to consider and undertake a 
surrogate pregnancy during the early 1980s and sup- 
port the view that financial compensation serves to at- 
tract the most disadvantaged groups of women.’ 

It is interesting to note that in this program, as well 
as others, low income and unmarried status (both well- 
known correlates of adverse birth outcomes) are not 
viewed as exclusionary criteria for eligibility by either 
the agency obstetrician or the adoptive couple. In a 
1987 survey of surrogate mother agencies conducted 
by the U.S. Office of Technology Assessment, two 
thirds of the women from 13 agencies were drawn from 
the income groups below $30,000 per year (average 
$18,000) and seven programs did not exclude women 
on welfare.’ Forty percent of the 334 births from these 
programs were to surrogate mothers who were single. 
(The agency cited in the present study was not a survey 
respondent.) It may be that surrogate mother programs 
and adoptive couples are willing to accept women with 
minimal socioeconomic resources given the contractual 
arrangements for subsidized prenatal health care, as 
well as a perceived likelihood for relinquishment. Sin- 
gle women also may be desirable candidates for agen- 
cies wishing to avoid legal issues of a spouse’s paternity. 

As the perinatal risk factors for income, parity, mar- 
ital status, and smoking behavior were not unduly rep- 
resented in the group of women who experienced ad- 
verse childbirth outcomes, other explanatory factors 
may have played a role in the predisposition to com- 
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Table II. Cases of obstetric complications in 38 live births to 37 surrogate mothers 








Casé Complication 


1° Prolonged+ rupture of 
membranes at 37 wk 


2 Meconium-stained fluid, de- 
celeration of FHR at 
43 wk 
3 Prolonged? rupture of 
: membranes at term 
4 Polyhydramnios, nausea and 


vomiting in 3rd trimester; 
late decelerations of FHR; 
meconium-stained fluid at 
‘ term 

5 Nausea and vomiting, diar- 
rhea, urinary tract infec- 
tions, dehydration; weight 
gain of 4.9 kg 

6 ` Multiple pregnancy; PROM 
at 36 wk; chorioamni- 
onitis 

7 Frank breech presentation, 
meconium-stained fluid at 
term 

8 Persistent posterior presen- 
tation of fetal head; fail- 
ure to progress in labor 
with late decelerations of 

' FHR at term 

9° Late decelerations of FHR 
with labor at term; cord 
around neck 

10 Pregnancy-induced hyper- 
tension at term; weight 
gain of 8.2 kg 


1 Abruptio placenta at 35 wk 

12 Abruptio placenta at 32 wk 

13 Rh incompatibility; asymp- 
tomatic 

14 Placenta previa; cervical cer- 


clage and ritodrine at 36 
wk; labor onset at 38 wk 


Postnatal 
Newborn status complication* 
Small for gesta- None 
tional age; birth 
weight < 2500 
gm 
Post-mature syn- None 
drome 
Normal None 
Normal; cesarean None 
section 
Normal None 
Normal; premature None 
Normal; cesarean None 
section 
Normal; cesarean None 
section 
Normal None 
Normal None 
Birth weight Hypertension 
< 2500 gm; re- 
spiratory distress 
with acute renal 
failure 
Cesarean section; None 
birth weight 
< 2500 gm 
Hemolytic disease None 
Normal cesarean None 
section 





FHR, Fetal heart rate; PROM, premature rupture of membranes. 


*At the time of hospital discharge. 
t > 24 hours. 


plications. The recognition of psychosocial stress as one 
of the potentiators of preterm delivery and low birth 
weight" © may be of special significance for this new 
population of obstetric patients. 

Maternal anxiety has been shown to have a negative 
effect on the outcome of reproductive events.'**° The 
American College of Obstetricians and Gynecologists”! 
has suggested that significant psychological stress may 
exist for surrogate mothers. Although no measurable 
indicators of stress were studied, unpublished clinical 
observations of the authors suggest that the relation- 


ship of the surrogate mother with the infertile couple 
becomes stressful around the time of labor, delivery, 
and relinquishment, especially when there has been 
limited interaction between parties during the preg- 
nancy. In a preliminary report” of the psychological 
responses of eight of these women who used the nurse- 
counselor as a labor coach, six surrogate mothers felt 
they had come to love the baby by the ninth month of 
gestation and reported at least a moderate degree of 
perinatal loss after the birth. In another preliminary 
report,” all of the 30 surrogate mothers who were de- 
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Table II. Characteristics of surrogate mothers experiencing complicated and uncomplicated live births* 








| Complicated (n = 14)T Uncomplicated (n = 24) 


Age (mean + SE; yr) 24.9 + 6 25.248 
Parity (mean + SE) 3.0 + 0.3 2.5 + 0.2 
Level of education 121+ 1 124 +2 


(mean + SE, yr) 
Annual income 
(mean + SE) 
Smokers (%) 
Single, separated, di- 
vorced (%) 
Welfare recipients (%) 


$12,929 + $1,127 


$15,738 + $1,625 


44 
24 


29 





*No significant differences by ¢ test or x? analysis. 


tAn abnormality of pregnancy, labor, or delivery with a moderate to high risk of leading to maternal or newborn morbidity 


(n = 14). 


livered of infants experienced at least some degree of 
grief after relinquishment, and three required psycho- 
therapy or psychological treatment. 

The high incidence of smoking among the surrogate 
mothers during pregnancy is noteworthy. Surrogate 
mothers were willing to undertake a health risk behav- 
ior that was prohibited by contract and could serve as 
possible grounds for rejection of the baby by the couple 
and forfeiture of any financial compensation. Such be- 
havior is incompatible with the intended goal and raises 
further questions about the level of ambivalence and 
emotional distress experienced during the pregnancy. 

An additional explanation to account for the likeli- 
hood of pregnancy complications among this sample 
of surrogate mothers also must be considered. Because 
many of the health histories were based on self-report 
and were not documented from medical records, the 
possibility that women may have been influenced to 
conceal health risk factors by the financial compensa- 
tion or other motives cannot be ruled out. In a study 
of the psychological motivations of the first 125 appli- 
cants to this program, the most common reason for 
serving as a surrogate mother was the financial com- 
pensation; 89% reported they would require a fee of 
at least $5000 as a necessary condition but that other 
psychological benefits could be gained by engaging in 
surrogate pregnancy.” l 

In summary, the subsidized health care and living 
expenses for surrogate mothers who are predominantly 
of low socioeconomic status may not be sufficient to 
adequately offset maternal health deficits, prevent 
health risk behaviors and stress, and consequent ob- 
stetric complications. These findings raise questions 
about the criteria used for selection of surrogate moth- 
ers in private programs and reaffirm the critical need 
for adequate health screening requirements and psy- 
chological support both before and during a surrogate 
pregnancy. 

Given the unique nature of the surrogate pregnancy, 
including donor insemination, contractual arrange- 
ment, and relinquishment of the child, it is difficult to 


make meaningful comparisons among birth outcomes 
and complication rates with other nonsurrogate pop- 
ulations of healthy pregnant women. In addition, the 
small sample size and “rare event” nature of these com- 
plications further compromise the precision of these 
findings. The intent of this report has been to present 
preliminary clinical observations to stimulate further 
study in larger, case-controlled samples before any gen- 
eralizable conclusions can be drawn about the magni- 
tude of maternal-fetal health risks for the surrogate 
mother and child. 


We acknowledge the assistance of Noel Keane, JD, 
for providing access to his client population. We are 
indebted to the women who permitted review of their 
patient records. 
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Maternal indomethacin therapy in the treatment 


of polyhydramnios 


Michael Mamopoulos, MD, Efstratios Assimakopoulos, MD, E. Albert Reece, MD, 
A. Andreou, MD, Xue-Zhong Zheng, MD, and Serge Mantalenakis, MD 


Thessaloniki, Greece, and New Haven, Connecticut 


Fifteen patients with polyhydramnios and clinical symptoms related to excess amniotic fluid volume were 
treated with indomethacin therapy that was started at a mean gestational age of 27.4 + 2.79 weeks and 


discontinued at a mean gestational age of 32.9 + 1.83 weeks. Patients were treated with 2.0 to 2.2 mg of 
indomethacin per kilogram of body weight per day, either orally or by rectal suppositories. No therapy was 
administered after 35 weeks, and the duration of therapy was no longer than 4 weeks. The majority of fluid 
reduction occurred within the first week of treatment. Subsequently, a smaller but steady reduction of fluid 


was observed. All patients were delivered after 38 weeks with a mean birth weight of 3543 + 586.3 gm. 
Examinations of newborns at birth and follow-up at 3 months, 6 months, and 1 year revealed no adverse 
effects of indomethacin administration. (Am J Osstet GYNECOL 1990;162:1225-9.) 


Key words: Polyhydramnios, indomethacin, amniotic fluid volume, ultrasonography 


Amniotic fluid volume in excess of 1.5 to 2.0 L is 
termed “polyhydramnios” and often is associated with 
fetal abnormalities, poor perinatal outcome, or both. 
Slightly increased quantities of amniotic fluid are some- 
times seen in patients with diabetes and are often con- 
sidered to be associated with fetal polyuria, decreased 
fetal swallowing, and increased amniotic fluid glucose.” 
This excessive amount of fluid is associated with ma- 
ternal discomfort resulting from the upward pressure 
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of the amniotic fluid on the diaphragm, which may 
eventuate in respiratory embarrassment. Additionally, 
abdominal pain and premature uterine contractions 
may lead to premature rupture of membranes and pre- 
term delivery. When the latter occurs in the late second 
trimester or early third trimester, a perinatal death rate 
of 25% to 30% may result. Furthermore, rupture of 
membranes may lead to sudden decompression of the 
uterus and cause abruptio placentae.° 

Severely affected patients are often treated with pe- 
riodic amniocenteses for removal of varying quantities 
of fluid. Unfortunately, reaccumulation of fluid some- 
times occurs within 48 hours and infections may follow 
repeated procedures. 

Prostaglandin synthetase inhibitors have been used 
for many years in the treatment of newborns with pa- 
tent ductus arteriosus; however, transient oliguria is 
often observed as a consequence of this therapy.’ Be- 
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Table I. Summary of patients treated with indomethacin therapy and pregnancy outcome 















Patient no. Gravidity 
























Gestational age Gestational 
at start of age by fundal Associated 
treatment height medical 
measurement condition 


1 24 i 32 38 6 GDM 
2 31 2 31 38 7 GDM 
3 38 3 29 36 7 IDDM 
4 31 1 28 35 7 GDM 
5 30 1 29 33 5 None 
6 30 1 32 36 4 GDM 
7 24 l 30 35 5 IDDM 
8 32 I 29 36 7 IDDM 
9 27 2 25 33 7 None 
10 26 l 30 35 5 GDM 
11 27 1 28 31 3 None 
12 24 2 31 35 4 GDM 
13 29 l 30 33 3 None 
14 27 2 25 29 4 IDDM 
15 34 3 28 32 4 GDM 
Mean + SD 28.9 + 3.97 1.53 + 0.74 27.4 + 2.79 34.3 + 2.5 5.2 + 1.52 





GDM, Gestational diabetes mellitus; JDDM, insulin-dependent diabetes mellitus. 


*Therapy was withdrawn because of acute oligohydramnios. 


{Therapy was discontinued for 1 week because of indomethacin side effects or oligohydramnios and restored subsequently. 


cause fetal urinary production is a major source of am- 
niotic fluid, prostaglandin synthetase inhibitors such as 
indomethacin have been proposed as potential thera- 
peutic agents for polyhydramnios. In this article we 
present our experience with 15 patients with polyhy- 
dramnios who were successfully treated with indo- 
methacin therapy. 


Material and methods 

Fifteen patients with polyhydramnios ranging in age 
from 24 to 34 years (mean + SD 28.9 + 3.97) and with 
a mean gravidity of 1.53 + 0.74 (mean + SD) were 
treated during a 2-year period from August 1987 to 
May 1989. All patients experienced clinical symptoms 
relating to the excess amniotic fluid. These symptoms 
included abdominal tenderness, abdominal pain, uter- 
ine contractions, and in some cases, respiratory discom- 
fort. The patients’ gestational age was 27.4 + 2.79 
weeks (mean + SD, range 25 to 32 weeks). Of these 
patients, seven had gestational diabetes (Patients 1, 2, 
4, 6, 10, 12, and 15), four had insulin-dependent dia- 
betes mellitus (nos. 3, 7, 8, and 14), and the remaining 
four showed no obvious cause or associated medical 
condition (nos. 5, 9, 11, and 13) (Table I). Given that 
the measurements in centimeters of the fundal height 
are equal to the gestational age in weeks, all patients 
had a symphysis-to-funda] height of >3 cm above the 
expected measurement for that gestational age. Ultra- 
sonographic examination revealed the depth of the 
largest pocket of amniotic fluid to be >8 cm. Quanti- 
tative estimation of the amniotic fluid was performed 
according to the method of Chamberlain et al. in which 
polyhydramnios was characterized as the depth of the 


largest pocket of amniotic fluid >8 cm; a depth of 2 to 
8 cm was considered a normal amount of amniotic fluid, 
and a depth <2 cm defines oligohydramnios. All pa- 
tients had level II ultrasonographic examinations to 
exclude fetal anomalies. 

After signed informed consent was obtained, treat- 
ment with indomethacin was begun when patients be- 
came symptomatic and the diagnosis of worsening 
polyhydramnios was confirmed by multiple examina- 
tions. On the basis of the patient’s preference, indo- 
methacin was administered either orally or as rectal 
suppositories at a dose of 2.0 to 2.2 mg/kg body weight 
per day. In addition, patients were admitted to the hos- 
pital for bed rest and close surveillance of both mother 
and fetus. Mothers were evaluated daily for clinical 
symptoms and possible side effects of indomethacin. 
Antepartum surveillance included weekly biophysical 
profiles, daily fetal movement counting, and weekly 
ultrasonographic examinations to assess amniotic fluid 
volume. 


Results 


Diagnosis of polyhydramnios was made between 25 
and 32 weeks’ gestation by ultrasonographic exami- 
nations in all 15 patients. The longest duration of 
continuous indomethacin administration was 4 weeks, 
and the shortest duration was 1 week (mean + SD 
3.3 + 1.04 weeks) (Table I). Treatment was discontin- 
ued in three patients for 7 days, 1 week after starting 
therapy, because of stomachache (patients 4 and 5) and 
diarrhea (no. 7). The latter occurred in patients using 
rectal suppositories. Treatment was discontinued for | 
week in patient no. 6, 2 weeks for patient no. 3, and 3 
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Largest vertical pocket of amniotic fluid (cm) 















Before treatment 


; After treatment’. 


Duration of 
ir eatment 


indomethacin in treatment of polyhydramnios 
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Gestational 
age at 
delivery 





i 












Birth weight 
(gm) | 


Reduction - Delivery 


` route 





13.2 (32 wk) 7.6 (35 wk) 3 42 38 Vaginal 2700, 
8.5 (31 wk) 3.0 (32 wk) EE ba 64 38 C/S 3150! 
9.0 (29 wk) 7.0 (35 wk) 4t 22 38 Vaginal _ 3850 

11.5 (28 wk) 6.4 (33 wk) 4 _ 44 39 Vaginal 2850. 
9.4 ` (29 wk) 4.5 (34 wk) At 52 40 Vaginal 3350! 

10.2 (32 wk) 6.0 (35 wk) | QF 40. 38 Vaginal 3800. 

10.4 (30 wk) 7.0 (34 wk) 3$ 82 38 Vaginal 4100; 

12.0 (29 wk) 5.2 (33 wk) ‘4 56 38 Vaginal 3600, 

13.5 (25 wk). 6.5 (29 wk) 4 - 52, ` 39 Vaginal 3260, 

10.7 (30 wk) 4.0 (33 wk) 4. 62 40 - Vaginal 2980, 

10.0 (28 wk) 7.2 (31 wk) 3 28 39 Vaginal 3450: 

10.5 (31 wk) 6.8 (33 wk) 2 35 7 39 Vaginal 3850. 
9.4 (30 wk) 4.7 (32 wk) 1.5 50 38 Vaginal 3400 

12.0 (25 wk) 5.0 - (30 wk) 3.5f 60 - 38 C/S 4200; 

10.5 (28 wk) 7.5 (34 wk) 3.57 28 39 Vaginal 4600. 

10.7 + 147 (274+ 2.79) 5.9 + 141 3.3 + 1.04 38.6 + 0.85 3543 + 586.3 


(32.9 + 1.83) 





weeks in patients 14 and 15 because of a significant 
reduction of amniotic fluid volume. Therapy was re- 
started in these patients after the above-mentioned res- 
pite because fluid reaccumulation was observed. No 
treatment was given after 35 weeks, and no other drugs 
except insulin were administered. 

In all patients reduction of amniotic fluid volume 
was noted, from 10.7 + 1.47 cm (mean + SD) depth 
of the largest vertical pocket at 27.4 + 2.79 weeks 
(mean + SD) to 5.9 + 1.41 cm (mean + SD) when 
therapy ended. In patient no. 3 (Fig. 1), a dramatic 
decrease in the amniotic fluid was observed after 3 
weeks of treatment. In patient no. 2, there was acute 
reduction of fluid 1 week after therapy began; however, 
termination of treatment resulted in reaccumulation of 
the fluid. The majority of fluid reduction occurred 
' within. the’ first week of treatment. Subsequently, a 
smaller but steady reduction of fluid was observed (Fig. 
2). All women were delivered of term, appropriately 
grown infants (38.6 + 0.85 weeks; mean + SD). Thir- 
teen were delivered vaginally and two by repeat cesar- 
ean section. Apgar scores at 1 and 5 minutes were be- 
tween 8 and 10. Newborns weighed 3543 + 586.3 
(mean + SD) kg. 


0 


cessation of therapy resulting in reaccumulation of 


fluid and reinstitution of therapy followed by fluid re- 
duction. Although spontaneous resolution of amniotic 
fluid has been reported to occur in 40% to 50% of 
cases,° it is unpredictable and seems to occur in less 
severe cases of polyhydramnios. l 
The major source of amniotic fluid, especially in 
the second half of pregnancy, is fetal urine. Indo- 


. methacin has been reported to freely pass the placental 


The results of routine laboratory tests on the neo- ` 


nates were within normal limits. Fetal cardiac function 
at birth and clinical evaluation revealed no signs of 


either premature closure of the ductus arteriosus or- 


pulmonary hypertension. Urinary production was also 
normal, Follow-up examinations of infants by neona- 
tologists at 3 months, 6 months, and 1 year of age were 
within normal limits. 


Comment 


Indomethacin reduced amniotic fluid volume in all 
15 patients in our study. This effect was confirmed by 


barrier and can be detected in the fetal blood within 
15 minutes. After 2 hours indomethacin levels in the 
fetus are approximately 50% of those in the mother.’ 
Nevertheless, the precise mechanism(s) by which in- 
domethacin reduces the amniotic fluid volume is not 
known. Possible mechanisms include effects on ‘fetal 
urine production, respiratory function, fetal mem- 
brane fluid production, and an increase in antidiuretic 
hormone.”® l 
Clinical studies with ultrasonographic techniques for 
assessing hourly fetal urine output? have shown signif- 
icant reduction in urine production even after short- 
term indomethacin therapy. Oligohydramnios has also 
been observed after indomethacin treatment for a va- 
riety of other indications.** '° ! 
Despite the unclear role of prostaglandins, indo- 


- methacin is known to reduce urinary protein loss in 


nephrotic patients by lowering transcapillary glomer- 
ular hydraulic pressure.'' Another mechanism ;pro- 
posed includes the enhanced effect of indomethacin on 
fetal respiratory movements, resulting in an increase 
in the amniotic fluid reabsorption via the lungs.* " Fi- 
nally, indomethacin could also act on fetal membranes, 
amnion, and chorion, which are known to contain large 


‘amounts of prostaglandins.* The precise mechanism of 


indomethacin therapy in reducing amniotic fluid vol- 
ume is unclear and is only speculative at this point. 


: 
i 
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Fig. 1. a, Patient no. 3 at 29 weeks; the largest vertical pocket of amniotic fluid was 9 cm (polyhy- 
dramnios). b, The same patient 3 weeks after therapy showed oligohydramnios. c, Discontinuation 
of therapy led to reaccumulation of fluid 2 weeks later. 


cm 


Weeks of Therapy 


Fig. 2. Histogram depicting the difference in the vertical di- 
mension of the largest pocket of amniotic fluid after indo- 
methacin therapy. As shown, the majority of fluid reduction 
occurred within the first week of treatment. Subsequently, a 
smaller but steady reduction of fuid was observed. 


Indomethacin is not an innocuous drug; therefore, 
despite our rather successful pregnancy outcomes, 
multiple complications may arise. The ad hoc usage of 
indomethacin without comprehensive etiologic evalu- 
ation and periodic ultrasonographic follow-up should 
be discouraged. In our study five patients had oligo- 
hydramnios (nos. 2, 3, 6, 14, and 15), which was acute 
in one patient (no. 2). This underscores the need for 
intensive surveillance with frequent ultrasonographic 
examinations of the amniotic fluid volume. Some pa- 
tients experienced minor side effects from indometh- 
acin, such as stomach ache and diarrhea. Discontin- 
uation of indomethacin for 1 week resulted in resolu- 
tion of these symptoms and permitted continuation of 
therapy. 

Because indomethacin has been used to constrict pa- 
tent ductus arteriosus after birth with varying success 
rates, concern has been raised about this effect in 
utero. Itskovitz et al. reported fetal deaths after in- 
domethacin therapy for tocolysis. These deaths were 
thought to be the result of in utero constriction of duc- 
tus arteriosus; however, the daily indomethacin dose 





administered. was much higher than that used in other 
studies. Furthermore, similar results have not been re- 
ported by other investigators. In a recent study fetal 
ductus arteriosus was monitored by echocardiography 
and Doppler blood velocity measurements in 13 fetuses 
treated with indomethacin. They found reversible con- 
striction of the ductus in three fetuses within 24 hours 
after initiation of treatment, and in one fetus constric- 
tion was observed after 23 days of therapy." 

To prevent renal and cardiopulmonary complica- 
tions in our patients, administration of indomethacin 
was stopped at 35 weeks of gestation. Although am- 
niotic fluid did reaccumulate shortly after discontin- 
uation of therapy, pregnancy was allowed to progress 
to term if the patients were not symptomatic. A treat- 
ment protocol should include proper consultation and 
weekly ultrasonographic evaluations with discontin- 
uation of medication when fluid reduction exceeds two 
thirds of its initial volume. Beyond this level, oligohy- 
dramnios rapidly ensues. Fetal echocardiography or 
evaluation for evidence of fetal hydrops might assist in 
the evaluation of the effect of indomethacin on the 
ductus arteriosus. 

In conclusion, the results of this study demonstrate 
that prostaglandin synthetase inhibitor (indomethacin) 
reduces amniotic fluid volume, with its primary effect 
possibly being a reduction in fetal urine output. Al- 
though this drug may cause transient constriction of 
the fetal ductus arteriosus, prudent use combined with 
intensive fetomaternal surveillance may permit the suc- 
cessful treatment of polyhydramnios. 


We thank Ms. Lisa Cabral for her assistance in the 
preparation of this manuscript. 
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Antenatal origin of neurologic damage in newborn infants 


II. Multiple gestations 


Raul Bejar, MD; Gustavo Vigliocco, MD," Hector Gramajo, MD," Claudio Solana, MD,” 
Kurt Benirschke, MD,” Charles Berry, PhD, Ronald Coen, MD, and Robert Resnik, MD* 


San Diego, California 


Necrosis of the cerebral white matter may be identified in living infants with echoencephalography. 
Echoencephalographic studies were performed in 89 twins and 12 triplets at less than 36 weeks of 
gestation to determine the incidence and complications associated with antenatal necrosis of the cerebral 
white matter. Antenatal necrosis of the cerebral white matter was identified when brain atrophy or cavities 
in the white matter were present by day 3 of life. Fourteen infants (13.8%) were considered to have 
antenatal necrosis of the cerebral white matter. The incidence of antenatal necrosis of the cerebral white 
matter was higher in monochorionic than in dichorionic infants (30% vs 3.3%; p < 0.001). Univariate 
analysis showed that antenatal necrosis of the cerebral white matter was significantly associated with 
polyhydramnios, intrauterine fetal death of the cotwin, hydrops, multiple placental vascular connections, 
and placental artery-to-artery, vein-to-vein, and artery-to-vein anastomosis. Logistic regression analysis 
showed that antenatal necrosis of the cerebral white matter was predicted by the presence of either 
artery-to-artery or vein-to-vein anastomosis and by intrauterine fetal death of a cotwin. Vein-to-vein 
anastomosis had the strongest association, because 89% of seven infants with vein-to-vein anastomosis 
demonstrated antenatal necrosis of the cerebral white matter (jp = 0.003). Monochorionic multiple 
gestations frequently are complicated by antenatal necrosis of the cerebral white matter. Multiple vascular 
connections with vein-to-vein anastomosis appear as the most important associated factor for antenatal 
necrosis of the cerebra! white matter in this population. (Am J OssteT GYNECOL 1990;162:1230-6.) 


Key words: Twins, multiple gestation, brain damage, white matter necrosis, periventricular 


leukomalacia, echoencephalography, placenta 


Cerebral palsy, microcephaly, porencephalia, and 
multicystic encephalomalacia occur more frequently in 
preterm twins than in preterm singletons.’’ The un- 
derlying reasons for these findings are not clearly un- 
derstood. Abnormal parturition and prematurity do 
not fully account for the increased incidence of brain 
lesions in infants of multiple gestations.? Ischemic ne- 
crosis and cavitary brain lesions in twins have been de- 
` scribed as associated with intrauterine death of one 
cotwin.*7* Emboli of thromboplastic material from the 
dead fetus through placental fetofetal vascular shunts 
have been proposed as the pathogenic factor for the 
ischemic lesions found in the surviving twin. In twins 
with cerebral ischemic lesions, arterial embolization and 
deposit of fibrin have been confirmed on angiography 
and autopsy studies.*7* 
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In a previous study we found that multifocal necrosis 
of the cerebral white matter, an ischemic brain lesion 
associated with cerebral palsy and developmental delay, 
occurred antenatally in 13 of 127 preterm infants at 
less than 36 weeks of gestation.’ In that study placental 
vascular connections in monochorionic multiple ges- 
tations, funisitis (inflammation of the umbilical cord), 
and purulent amniotic fluid were the conditions asso- 
ciated with antenatal necrosis of the cerebral white mat- 
ter. The relationship of antenatal necrosis of the ce- 
rebral white matter with vascular connections in the 
placenta prompted us to study the incidence and com- 
plications associated with antenatal necrosis of the ce- 
rebral white matter in preterm infants of multiple ges- 
tations. We speculated that monochorionic multiple 
gestations with placental vascular connections should 
have a higher incidence of antenatal necrosis of the 
cerebral white matter than dichorionic or monocho- 
rionic gestations without placental anastomosis. 


Material and methods 

Subjects. This study reports findings in 101 infants 
(89 twins and 12 triplets) with a gestational age of less 
than 36 weeks. These infants were the product of 52 
multiple gestations. They represent 74.2% of all the 
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Table I. Gestations with fetofetal transfusion syndrome 











IUFD, Intrauterine fetal death; AWMN, antenatal necrosis of the cerebral white matter; AV, artery to vein; AA, artery to artery; 


VV, vein to vein anastomoses. 


The nine surviving infants produced by these gestations were studied. Five of the surviving infants were considered to have 


AWMN. 


Antenatal brain damage in twins 1231 


Hematocnit 
difference 
(%) 


Birth weight 
difference 


(%) 










Placental 
anastomosis 


AWMN 


AV — — - 
AV-AA — — + 
AV -— — - 
AV-AA-VV 50.0 33 $ 
AV 55.0 7 — 
AV-AA-VV 25.0 4 + 


*Polyhydramnios and hydrops disappeared after intrauterine fetal death of cotwin. 


infants of multiple gestation admitted consecutively to 
our unit during the study period. Inclusion criteria 
consisted of full pathologic assessment of the placenta 
and one or more echoencephalographic studies by day 
3 after delivery. 

Echoencephalographic technique. Echoencephalog- 
raphy was performed with a sector scanner (ATL, Belle- 
vue, Wash.) with 5 and 7.15 MHz transducers. The ce- 
rebral anatomy was visualized in three planes (coronal, 
axial, and sagittal) through the fontanelles and cranial 
sutures. The telencephalic white matter was imaged 
extensively by modifying the coronal and sagittal planes 
as described previously.'® The white matter anterior to 
the frontal horns and superior to the bodies and atria 
was visualized by sweeping the transducer in the co- 
ronal plane anteriorly and posteriorly. Similarly, the 
white matter superior and lateral to the cerebral ven- 
tricles was imaged extensively by angling the transducer 
more laterally in the sagittal plane. Axial plane scans 
were obtained by placing the transducer on the pos- 
terior fontanelle. By angling the transducer upward 
and downward, the cerebral white matter adjacent to 
the occipital and temporal horns was seen. 

Diagnosis of white matter necrosis. Infants were 
considered to have antenatal necrosis of the cerebral 
white matter when either echolucent areas in the white 
matter adjacent to the lateral ventricles or cerebral atro- 
phy was observed with echoencephalography by the 
third day after birth. Cerebral atrophy was identified 
when the subarachnoid space and the interhemispheric 
fissure were greater than 0.5 cm in infants with normal 
head circumference for their gestational age. The tim- 
ing of necrosis of the cerebral white matter to have 
occurred antenatally was established by requiring that 
these changes be present by day 3 of life. This is a 
conservative criteria, because cavitary lesions appear 
2 or more weeks after the initial insult and brain atro- 
phy develops weeks later.'*'* Patients without antenatal 
necrosis of the cerebral white matter constituted a con- 
trol group. 


Pathologic studies. All the placentas were studied by 
a pathologist who was unaware of the echoencepha- 
lographic findings. If prolonged rupture of membranes 
(>24 hours), chorioamnionitis, and fetid or purulent 
amniotic fluid was present, bacterial cultures and mi- 
croscopy of the placenta and the umbilical cord were 
obtained. Vascular connections were determined by 
gross examination or injection of the vessels as de- 
scribed previously.'* Anastomoses were classified as ar- 
tery to artery, artery to vein, and vein to vein. The 
fetofetal transfusion syndrome was diagnosed in mono- 
chorionic twins with documented vascular anastomosis 
by using several clinical manifestations such as hydrops 
fetalis, polyhydramnios, oligohydramnios, intrauterine 
fetal death of one cotwin in the absence of cord entan- 
glement or knots in the umbilical cord, and 20% or 
greater discordance in birth weights (Table I). 

Statistical analysis. The clinical records were re- 
viewed for relevant data related to the perinatal period. 
Univariate analysis was performed with unpaired ¢ tests 
for difference in means and the Fisher exact test or x” 
test for difference in proportions as appropriate. To 
control for confounding as a result of the association 
among variables, stepwise logistic regression analysis 
was used to assess the relationship between the variables 
and the presence of antenatal necrosis of the cerebral 
white matter. Forward logistic regression based on the 
score statistic also was used to control for confounding 
variables. This program has an option to determine the 
permutation distribution of the likelihood ratio statistic 
of the final model, allowing adjustment for the effect 
of screening many candidate predictor variables. This 
option also avoids dependence on asymptotic statistical 
theory used in logistic regression, which is of dubious 
validity in small data sets. 


Results 

Incidence and mortality. Eighty-nine of the 101 in- 
fants studied were twins and 12 were triplets. Sixty-one 
were diamniotic dichorionic, 38 were diamniotic mono- 
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Fig. 1. Echoencephalogram of patient 7 obtained 2 hours after delivery. Note the enlargement of 


the interhemispheric fissure and the lateral ventricles. There are moderate to large cavitary lesions 


in the white matter adjacent to the lateral ventricles. 


chorionic, and two were monoamniotic monochorionic. 
The infants had a mean birth weight of 1500 gm (range, 
320 to 2500 gm) and a mean gestational age of 31.0 
weeks (range, 25 to 35 weeks). 

Antenatal necrosis of the cerebral white matter was 
present in 14 of the 101 infants. The incidence of an- 
tenatal necrosis of the cerebral white matter was 13.9% 
with a 95% confidence interval of +0.084. The 95% 
confidence interval was calculated according to a tech- 
nique that allows for the lack of independence of the 
occurrence of antenatal necrosis of the cerebral white 
matter among siblings. Antenatal necrosis of the ce- 
rebral white matter was diagnosed on the first day in 
12 infants and by the third day in the remaining 2. Of 
the 14 infants with antenatal necrosis of the cerebral 
white matter, 9 had echolucent lesions in the white mat- 
ter, one had atrophy and echolucencies, and four had 
atrophy alone (Figs. 1 through 3). Monochorionic in- 
fants accounted for 86% (12/14) of the infants with 
antenatal necrosis of the cerebral white matter. The 
incidence of antenatal necrosis of the cerebral white 
matter was significantly higher in monochorionic in- 


fants because 12 (30%) of the 40 monochorionic infants 
had antenatal necrosis of the cerebral white matter, 
whereas only 2 (3.3%) of the 61 dichorionic infants had 
antenatal necrosis of the cerebral white matter 
(p < 0.001). 

In four of the diamniotic monochorionic twin ges- 
tations, both twins had antenatal necrosis of the cere- 
bral white matter. In two other diamniotic monocho- 
rionic twin gestations one of the twins died in utero 
and the surviving cotwins had antenatal necrosis of the 
cerebral white matter. Only one of the twin pairs had 
antenatal necrosis of the cerebral white matter in the 
remaining four affected twin gestations (two diamniotic 
monochorionic and two diamniotic dichorionic) (Table 
II). The mean birth weight difference (347 gm) in 
monochorionic pairs with antenatal necrosis of the ce- 
rebral white matter was significantly higher than the 
mean birth weight difference (155 gm) of monocho- 
rionic twins without antenatal necrosis of the cerebral 
white matter (p < 0.05). However, the difference in 
birth weight among monochorionic pairs with and with- 


out antenatal necrosis of the cerebral white matter was 
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Fig. 2. Magnetic resonance study of patient 7 performed 2 days after delivery. The subarachnoid 
space and the lateral ventricles are very enlarged. There are large cavitary lesions in the white matter 
adjacent to the lateral ventricles. The bright signals (arrowheads) in the periphery of the cavitary 
lesions most probably correspond to gliosis. 


Table II. Perinatal findings in the gestations with antenatal white matter necrosis 
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AWMN, Antenatal white matter necrosis; FFT, fetofetal transfusion syndrome; JUFD, intrauterine fetal death; DI-DI, diamniotic- 
dichorionic; DI-MO, diamniotic-monochorionic; MO-MO, monoamniotic-monochorionic; AV, AA, VV, artery-to-vein, artery-to- 
artery, and vein-to-vein placental anastomosis. 


*Intrauterine fetal death with macerated fetus; data not included. 
7Infant died a few hours after delivery before the echoencephalogram was obtained. 
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Fig. 3. Brain and placenta of patient 10. The brain weighed 
190 gm, significantly less than the expected weight of 247 gm. 
Parieto-occipital atrophy was found. Noted the large collec- 
tions of cerebrospinal fluid around the occipital lobes. Micro- 
scopically the brain showed leukomalacia, gliosis, and calcifi- 
cation. The placenta had vein-to-vein, artery-to-vein, and 
artery-to-artery anastomoses. 


similar (115 vs 103 gm, respectively) when hydropic 
infants were excluded. 

Autopsy findings. Four infants with antenatal ne- 
crosis of the cerebral white matter by echoencephalog- 
raphy and 13 control infants died during the first week 
after delivery; another infant with antenatal necrosis 
of the cerebral white matter by echoencephalography 
died on day 14. Autopsy examinations were performed 
on the 5 twins with antenatal necrosis of the cerebral 
white matter and 12 control infants. White matter ne- 
crosis was not found in any of the control infants. Three 
monochorionic infants with echoencephalography- 
identified antenatal necrosis of the cerebral white mat- 
ter did have leukomalacia associated with gliosis. Two 
out of the three infants also had cavitary lesions in the 
white matter. The two remaining infants had atrophic 
brains; one had extensive periventricular leukomalacia 
associated with gliosis and calcifications (Fig. 3). Mag- 
netic resonance imaging performed on one monocho- 
rionic infant (gestation 7, Table II) on the second day 
after birth showed atrophy and large cavitary lesions 
in the white matter adjacent to the lateral ventricles 
(Figs. 1 and 2). 

The autopsy studies and magnetic resonance imaging 
studies and findings confirmed the echoencephalo- 
graphic diagnosis. The presence of cavitary lesions, 
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gliosis, calcifications, and atrophy indicates that the in- 
sults to the brains occurred days before delivery. 

Placental studies. Placental vascular anastomoses 
were found in 36 (90%) of the 40 monochorionic in- 
fants. Twelve infants had artery-to-vein, eight had 
artery-to-artery, nine had artery-to-vein and artery-to- 
artery, and seven had artery-to-vein, artery-to-artery, 
and vein-to-vein anastomosis. Antenatal necrosis of the 
cerebral white matter occurred more frequently in in- 
fants with multiple anastomoses. Only 3 (15%) of 20 
infants with artery-to-vein or artery-to-artery anasto- 
mosis alone had antenatal necrosis of the cerebral white 
matter. In contrast, 9 (56%) of 16 infants with multiple 
anastomoses had antenatal necrosis of the cerebral 
white matter (p = 0.014). The incidence of antenatal 
necrosis of the cerebral white matter was higher in in- 
fants with vein-to-vein anastomosis. Six (89%) of 7 in- 
fants with vein-to-vein anastomosis had antenatal ne- 
crosis of the cerebral white matter, whereas 6 (20%) 
of 29 infants with artery-to-vein, or artery-to-artery 
and artery-to-artery without vein-to-vein anastomosis 
had antenatal necrosis of the cerebral white matter 
(p = 0.003) (Table III). 

Fetofetal transfusion syndrome. The fetofetal trans- 
fusion syndrome was present in 9 of the 36 infants with 
placental shunts (Table I). Five (55%) of the 9 infants 
with the fetofetal transfusion syndrome had antenatal 
necrosis of the cerebral white matter, whereas only 7 
(26%) of the remaining 27 infants had antenatal ne- 
crosis of the cerebral white matter. There was no sig- 
nificant association between antenatal necrosis of the 
cerebral white matter and the fetofetal transfusion syn- 
drome, most probably because of the small number of 
cases (Table III). 

Statistical analysis of perinatal complications. Uni- 
variate analysis of the perinatal factors listed in Table 
IV showed that antenatal necrosis of the cerebral white 
matter diagnosed by echoencephalography was signif- 
icantly associated with polyhydramnios, intrauterine fe- 
tal demise of the cotwin, hydrops, multiple placental 
vascular connections, and placental artery-to-artery, 
vein-to-vein, and artery-to-vein anastomosis. Stepwise 
logistic regression analysis demonstrated that antenatal 
necrosis of the cerebral white matter was associated with 
artery-to-artery and vein-to-vein anastomosis (isolated 
or associated with another anastomosis) and intrauter- 
ine fetal demise of the cotwin. The permutation option 
study found that these variables were predictive of an- 
tenatal necrosis of the cerebral white matter (p < 0.05) 
(i.e., the finding of significant predictors of antenatal 
necrosis of the cerebral white matter was not merely 
an artifact caused by screening many variables). The 
same results were found among the subgroup of mono- 
chorionic twins. No variable was found to be associated 
with antenatal necrosis of the cerebral white matter in 
dichorionic twins. 
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Table III. Distribution of the monochorionic infants by the presence of the fetofetal transfusion 
syndrome, antenatal white matter necrosis, and placental anastomosis (n = 36) 









Placental With 
anastomosis AWMN 
AV 1* 3 
AA 0 0 
AV, AA ]* 0 
AV, AA, VV+ 3 l 
TOTAL 5 4 


Fetofetal transfusion syndrome (No.) 


Without With Without 
AWMN AWMN AWMN 






0 8 12 
2 6 8 
2 6 9 
3 0 7 
7 20 36 





AWMN, Antenal white matter necrosis; AV, artery-to-vein; AA, artery-to-artery, VV, vein-to-vein anastomosis. 


*Intrauterine fetal death of cotwin. 


Infants with AV, AA, VV anastomoses had a significantly higher incidence of AWMN than had infants with AV, AA, or 


AV-AA anastomoses (p = 0.003). 


Table IV. Prenatal variables analyzed 
Mother and pregnancy 


Clinical chorioamnionitis 
Urinary infection AV anastomosis* 
Other infection AA anastomosis*+ 
Toxemia VV anastomosis*+ 
Chronic hypertension 
Induced hypertension Chorioamnionitis 
Vaginal bleeding Positive culture 
Diabetes Funisitis 

Heart disease 

Drug abuse 
Previous admissions 
Other complications 


Infarction, acute 


Polyhydramnios§ 
Oligohydramnios 
Placenta previa 


Placental calcifications 
Other complications 


Multiple anastomosis* 


Rupture of membranes > 24 hr 


Purulent amniotic fluid 


Infarction, chronic 
Abruptio placentae 


Placenta and membranes Fetus 


Inborn 

Sex 

Birth weight 

Gestational age 

Small for gestational age 
Intrapartum distress 
IUFD cotwintt 

Apgar score < 3, 1 min 
Apgar score < 3, 5 min 
Hydrops$ 

Sepsis 

Pneumonia 

Fetofetal transfusion syndrome 
Twin donor 

Twin recipient 

Anemia 

Polycythemia 
Thrombocytopenia 
Other infection 
Fetomaternal transfusion 
Other complication 


AV, Artery-to-vein, AA, artery-to-artery, VV, vein-to-vein anastomosis; /UFD, intrauterine fetal death. 


*Significant association by univariate analysis (p < 0.001). 
+Significant association by logistic regression analysis. 
Significant association by univariate analysis (p < 0.05). 
§Significant association by univariate analysis (p < 0.01). 


Further analysis of the data showed that vein-to-vein 
anastomosis had the strongest association with ante- 
natal necrosis of the cerebral white matter. Antenatal 
necrosis of the cerebral white matter occurred in all 
gestations with vein-to-vein anastomosis. Eighty-nine 
percent of the infants (6/7) with vein-to-vein anasto- 
mosis had echoencephalographic diagnosis of antenatal 
necrosis of the cerebral white matter. In contrast, only 
6 (21%) of 29 infants with artery-to-vein or artery-to- 
artery anastomosis without vein-to-vein anastomosis 
had antenatal necrosis of the cerebral white matter 
(p = 0.003). Excluding gestations with intrauterine fe- 
tal demise of the cotwin, only 4 (15%) of 27 infants 


with artery-to-vein or artery-to-artery anastomosis had 
antenatal necrosis of the cerebral white matter (Table 
III). 


Comment 


Pathologic and serial echoencephalographic studies 
in newborn infants provide evidence that cavitary le- 
sions in the white matter and cerebral atrophy develop 
2 or more weeks after the acute stage of necrosis of the 
cerebral white matter.*'* The demonstration of cavitary 
lesions in the white matter and cerebral atrophy during 
the first 3 days after birth in 14 of the 101 infants 
studied indicates that the insults to these infants’ brains 
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occurred antenatally. The magnetic resonance imaging 
study on one infant on day 2 and the pathologic studies 
in four other patients during the first postpartum week 
showing atrophy associated with cavitation, gliosis, or 
calcification of the white matter confirm the accuracy 
of the echoencephalographic studies and the assump- 
tion that the insult leading to white matter injury oc- 
curred before birth. 

The incidence of antenatal necrosis of the cerebral 
white matter (13.8%) in these infants of multiple ges- 
tations was not significantly higher than the incidence 
of antenatal necrosis of the cerebral white matter pre- 
viously found in singletons (8.8%).” Monochorionic in- 
fants had a significantly higher incidence (30%) of 
antenatal necrosis of the cerebral white matter than 
had singletons (p < 0.005) or dichorionic infants 
(p < 0.001). 

The high incidence of antenatal necrosis of the ce- 
rebral white matter in monochorionic twins and the 
association of antenatal necrosis of the cerebral white 
matter with vascular connections in the placenta, and 
with intrauterine fetal demise of one cotwin, agree with 
previous reports indicating that multicystic encepha- 
lomalacia, hydranencephaly, neurodevelopmental ab- 
normalities, and cerebral palsy occur more frequently 
in monozygotic and like-sexed twins than in dichorionic 
twins. 1-3, 7, 8, 14-16 

Cerebral necrotic lesions in twins are more frequent 
when there is intrauterine death of one of the infants. 
Fetal death in monochorionic twins may be explained 
by placental vascular connections leading to the trans- 
fusion syndrome with hypervolemia, hyperviscosity, hy- 
pertension, hyperfibrinogenemia, thrombosis, and 
heart failure in the recipient twin and chronic hypoxia, 
hypotension, and poor perfusion in the donor twin. 
Death of the cotwin predisposes the survivor to dissem- 
inated intravascular coagulation produced by the gen- 
eration of thromboplastin-enriched blood. Throm- 
boemboli from the deceased fetus reach the surviving 
twin through the placental vascular anastomosis and 
cause necrotic lesions in the brain, skin, intestine, liver, 
lung, and kidneys. 

The presence of antenatal necrosis of the cerebral 
white matter in four gestations in which both fetuses 
were born alive and in seven fetuses who had no clinical 
manifestations of the fetofetal transfusion syndrome 
indicates that mechanisms other than the death of a 
cotwin or severe fetofetal transfusion syndrome also 


3, 8. 14 


cause cerebral white matter lesions in monochorionic 
twins. Multiple placental vascular connections may pro- 
duce transitory cardiovascular compromise in both 
twins. These episodes may be severe enough to de- 
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crease brain perfusion without causing the death of a 
cotwin or a full-blown fetofetal transfusion syndrome. 
Dudley and D’Alton' suggested that circulatory stasis 
in monochorionic twins with placental vascular con- 
nections may cause hyperfibrinogenemia and throm- 
boembolism even when both fetuses are alive. The 
thrombi then may disseminate to both fetuses through 
the placental vascular connections and result in visceral 
ischemia. 

In summary, we have demonstrated that in multiple 
gestations necrosis of the cerebral white matter leading 
to cavitary lesions, brain atrophy, and gliosis may occur 
ante partum. Necrosis of the cerebral white matter was 
mainly associated with multiple placental vascular con- 
nections. Our data emphasize the role of intrinsic pre- 
natal factors producing white matter injury in pre- 
mature infants of multiple gestations. 
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Resolution of severe thrombocytopenia in a pregnant patient 
with rhesus-negative blood with autoimmune 
thrombocytopenic purpura after intravenous rhesus 


immune globulin 


Kenneth J. Moise, Jr., MD, Lorraine E. Cano, RN, BSN, and Debra J. Sala, RN, MSN 


Houston, Texas 


Treatment with 120 ug of intravenous rhesus immune globulin at 2912 weeks’ gestation resulted in an 
elevation of the platelet count from 38,000/mm° to 73,000/mm: in a patient with rhesus-negative blood 
with autoimmune thrombocytopenic purpura. Red blood cell immune blockade of the reticuloendothelial 
system is probably not the primary mechanism by which rhesus immune globulin elevates the platelet 


count. (Am J OBsTeT GYNECOL 1990;162:1237-8.) 


Key words: Autoimmune thrombocytopenic purpura, rhesus immune globulin, 


hyperimmune globulin 


Intravenous hyperimmune globulin has been used 
in the successful treatment of severe autoimmune 
thrombocytopenic purpura in both pregnant and non- 
pregnant patients.’ More recently, rhesus immune 
globulin has also proved beneficial in the treatment of 
autoimmune thrombocytopenic purpura in the non- 
pregnant state.’ All reported patients who have re- 
sponded to this therapy have had rhesus-positive blood. 
For this reason, red blood cell immune sensitization and 
secondary reticuloendothelial blockade have been pro- 
posed as the mechanism for increased platelet survival. 

We report a case in which antenatal intravenous rhe- 
sus immune globulin effected an increase in the platelet 
count in a pregnant patient with rhesus-negative blood 
with known autoimmune thrombocytopenic purpura 
that was resistant to standard therapies. 


Case report 

The patient, a 25-year-old gravida 2, para 0-0-1-0 
woman, was first diagnosed with autoimmune throm- 
bocytopenic purpura 8 years before the current preg- 
nancy. At that time the patient had spontaneous 
bruising and was noted to have a platelet count of 
7000/mm*. A bone marrow biopsy specimen revealed 
increased numbers of megakaryocytes. The patient was 
treated with oral prednisone without a clinical response 
in the platelet count. Treatment with danazol and vin- 
cristine was only marginally successful in elevating the 
platelet count. Three years later a splenectomy was per- 
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formed, again with a poor response. The patient 
was lost to follow-up. She had a platelet count of 
20,000/mm* after a motor vehicle accident 1 year 
before the current pregnancy. Treatment with 6- 
mercaptopurine resulted in a transient elevation of the 
platelet count. 

At 24 weeks of gestation the patient was seen for her 
first prenatal visit. She reported no abnormal symp- 
toms. Laboratory workup included a platelet count of 
45,000/mm*, negative antinuclear antibody, and a 
platelet-associated antibody level of 3*. The patient was 
given 40 mg of prednisone daily without significant 
response (Fig. 1). At 29⁄2 weeks’ gestation a decision 
was made to administer antenatal intravenous rhesus 
immune globulin because the platelet count was 
38,000/mm* and a risk for injection site hematoma was 
believed to be possible if intramuscular rhesus immune 
globulin was used. One hundred twenty micrograms of 
rhesus immune globulin (WinRho; Winnipeg Rh In- 
stitute, Inc., Winnipeg, Manitoba, Canada) was admin- 
istered on an outpatient basis without complication. 
The patient did not return to the clinic for 3 weeks, at 
which time the platelet count had risen to 73,000/mm‘*. 
Serial platelet counts had declined to a nadir of 
39,000/mm* at 36.1 weeks when the patient went into 
early labor. The patient was given six units of random 
donor platelets and a cordocentesis was undertaken to 
sample the fetal platelet status. A fetal bradycardia ne- 
cessitated an emergency cesarean section. The 2184 gm 
female infant was assigned Apgar scores of 8 and 9 at 
l and 5 minutes of age. Neonatal studies included blood 
typing, O positive; direct Coombs test, negative; he- 
matocrit level, 47%; and platelet count, 321,000/mm’. 


Comment 


Boughton et al.” recently reported a series of 13 pa- 
tients with rhesus-positive blood with autoimmune 
thrombocytopenic purpura treated with rhesus im- 
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Fig. 1. Serial platelet counts before and after treatment with intravenous (/V) rhesus immune globulin 


(RHIG). 


mune globulin. Eight of the 13 patients were noted to 
respond with elevation of platelet counts of at least 
30,000/mm*. To date 59 patients have been reported 
in the literature with an overall response rate of ap- 
proximately 75%. An increase in the platelet count has 
not been noted in the three patients with rhesus- 
negative blood in this group. 

Because the great majority of patients with rhesus- 
positive blood have a positive direct Coombs test result 
after the administration of rhesus immune globulin, 
several authors have proposed that macrophage inter- 
action with sensitized red cells is the probable expla- 
nation for the increase in platelet count. Boughton 
et al.” have presented data that would contradict this 
theory. In their series no correlation could be found 
between the development or duration of a positive 
erythrocyte direct Coombs test result and the platelet 
response. Splenic tissue from three patients obtained 
after rhesus immune globulin treatment failed to reveal 
evidence of erythrocyte phagocytosis. Finally, in vitro 
testing revealed an increase in platelet-associated IgG 
when platelets from patients with either rhesus-positive 
or rhesus-negative blood were incubated with rhesus 
immune globulin. Because the rhesus antigen is not 
found on platelets, a nonspecific Fc receptor blockade 
would explain why our patient with rhesus-negative 
blood was noted to respond to intravenous rhesus im- 
mune globulin. 

The transplacental passage of maternal antiplatelet 
antibodies in autoimmune thrombocytopenic purpura 
has been associated with fetal thrombocytopenia. Be- 
cause this does not occur in all fetuses, one can only 


speculate whether the normal platelet count in our pa- 
uient’s infant was related to the administration of ma- 
ternal rhesus immune globulin. Any concern regarding 
fetal hemolysis caused by maternal rhesus immune 
globulin would appear unfounded. Signs of hemolysis 
in our patient’s infant with rhesus-positive blood were 
lacking as indicated by a normal hematocrit level and 
negative direct Coombs. In addition, the routine ob- 
stetric use of antenatal rhesus immune globulin at 28 
weeks’ gestation in this country has not been as- 
sociated with adverse effects in those infants with 
rhesus-positive blood born to these patients. 

In summary, the elevation of the platelet count in 
our patient with rhesus-negative blood with autoim- 
mune thrombocytopenic purpura after treatment with 
rhesus immune globulin would indicate that red blood 
cell immune blockade of the reticuloendothelial system 
is not the primary mechanism of action. Rhesus im- 
mune globulin is much less costly than a course of hy- 
perimmune globulin. For this reason rhesus immune 
globulin should be considered before intravenous hy- 
perimmune globulin in those patients with autoim- 
mune thrombocytopenic purpura who do not respond 
to standard treatment modalities. 
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dryness by replenishing vaginal moisture. 
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Fetal intervention in obstructive uropathy: Prognostic 
indicators and efficacy of intervention 


Timothy M. Crombleholme, MD, Michael R. Harrison, MD, Mitchell S. Golbus, MD, 
Michael T. Longaker, MD, Jacob C. Langer, MD, Peter W. Callen, MD, 
Robert L. Anderson, MD, Ruth B. Goldstein, MD‘ and Roy A. Filly, MD" 


San Francisco, California 


Management of the fetus with bilateral hydronephrosis is controversial; ability to predict outcome and 
efficacy of prenatal intervention are unknown. We studied 40 fetuses referred for ultrasonography, 
examination of fetal urine, and possible therapy. We retrospectively assigned fetuses to a good prognosis 
group if fetal urine was hypotonic (sodium < 100 mEq/L, chloride < 90 mEq/L, osmolarity < 210 
mOsm/L) and there was no ultrasonographic evidence of dysplasia; we assigned fetuses to a poor 
prognosis group if even one criterion was abnormal. Survival was greater in the good prognosis group 
than in the poor prognosis group (81% vs 12.5%; 87% vs 30%, excluding abortions) (p < 0.005). We then 
attempted to assess the efficacy of prenatal urinary decompression by comparing outcome within the good 
and poor prognosis groups. Survival with intervention was greater in both the good prognosis group and 
the poor prognosis group (89% vs 70% and 30% vs 0%). In 6 of the 8 survivors in the good prognosis 
group, severe oligohydramnios was reversed by decompression. We conclude the fetal urine electrolyte 
levels and ultrasonographic appear helpful in predicting residual fetal renal function and neonatal outcome 
and that prenatal decompression may prevent the development of fatal pulmonary hypoplasia. (Am J 


OssteT GYNECOL 1990;162:1239-44.) 


Key words: Hydronephrosis, fetal therapy, fetal urine electrolytes 


Two major controversies surround the management 
of the fetus with severe congenital bilateral hydrone- 
phrosis: accuracy in predicting outcome and efficacy of 
decompression in utero. Most problematic is the proper 
selection of those fetuses with bilateral hydronephrosis 
who might be candidates for intervention, i.e., those 
few fetuses with obstruction severe enough to compro- 
mise renal and pulmonary development but not so se- 
vere that renal damage is irreversible if the obstruction 
is relieved.'* Ultrasonographic examination of the fetal 
kidneys provides prognostic information if there are 
cystic changes in the renal parenchyma that suggest 
dysplasia but is less specific in their absence.° Similarly, 
amniotic fluid volume is predictive only in the ex- 
tremes; normal volume suggests adequate urine output 
and long-standing oligohydramnios suggests inade- 
quate output.” We previously reported that the elec- 
trolyte pattern of fetal urine correlates with fetal renal 
function and determined experimentally that dam- 
aged fetal kidneys “waste” salt.’ Initial data suggested 


From the Fetal Treatment Program and the Departments of Surgery," 
Obstetrics, Gynecology, and Reproductive Sciences,’ and Radiol- 
ogy,’ The University of California, San Francisco. 

Received for publication May 12, 1989; revised November 14, 1989; 
accepted January 18, 1990. 

Reprint requests: Michael R. Harrison, MD, Fetal Treatment Pro- 
gram, University of California, San Francisco, 3rd and Parnassus 
Aves., 585-HSE, San Francisco, CA 94143-0510. 

6/1/19487 


that the use of fetal urine electrolyte levels (sodium, 
chloride) and osmolarity, in addition to the ultraso- 
nographic appearance of the fetal kidneys and the am- 
niotic fluid volume, improved our ability to select ap- 
propriate management for fetuses with hydrone- 
phrosis, particularly those few who might benefit from 
intervention.** However, the usefulness of these cri- 
teria has been questioned.*" 

The efficacy of prenatal decompression of obstruc- 
tive uropathy has been studied in animal models but 
not in humans. Experimental work in animals has dem- 
onstrated that oligohydramnios that is secondary to ob- 
structive uropathy produces pulmonary hypoplasia and 
that relief of the obstruction before birth restores am- 
niotic fluid dynamics and prevents development of pul- 
monary hypoplasia.'*'* In addition, depending on the 
timing of intervention and the duration of the obstruc- 
tion, in utero decompression may arrest dysplastic mor- 
phogenesis of the fetal kidney and preserve renal 
function.'® '° Although vesicoamniotic catheters have 
been successfully placed in more than 80 human 
fetuses'*'” '* and open fetal surgery has been success- 
fully performed in five human fetuses* *'° since 1981, 
it is difficult to prove the efficacy of these interventions 
in any particular case. 

We retrospectively reviewed the course and outcome 
of fetuses referred because of congenital bilateral hy- 
dronephrosis to assess the prognostic value of fetal 
urine electrolyte levels, osmolarity, and sonographic ap- 
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Fig. 1. Neonatal survival of 40 fetuses by prognostic group (as determined by fetal urine electrolyte 
levels and ultrasonographic appearance of fetal kidney). 


pearance of the fetal kidneys in predicting fetal out- 
come. The effect of oligohydramnios was analyzed sep- 
arately. By identifying good and poor prognosis groups 
according to these methods, we hoped to assess efficacy 
by comparing the outcome of treated and untreated 
fetuses within each prognostic group. Although a ret- 
rospective nonrandomized study cannot establish prog- 
nostic value or prove efficacy of intervention, the ethical 
complexities of maternal counseling and fetal treat- 
ment have thus far deterred a more definitive random- 
ized prospective trial. 


Material and methods 


Case material. Seventy-four fetuses with ultrasono- 
graphically proved bilateral hydronephrosis were re- 
ferred to the Fetal Treatment Program at the Univer- 
sity of California, San Francisco, from January 1, 1981, 
to May 14, 1988. Thirty-four underwent no further 
diagnostic evaluation: in four cases early delivery was 
elected and immediate postnatal decompression was 
done; eight women chose elective termination of the 
pregnancy because of associated anomalies, the severity 
of the congenital hydronephrosis itself (severe oligo- 
hydramnios, sonographic findings suggestive of renal 
dysplasia), or parental preference; and the remaining 
22 patients were followed up with continued ultraso- 
nographic observation of the pregnancy. The 34 pa- 
tients who did not undergo further evaluation are not 
considered further in this review. 

Forty fetuses who had complete diagnostic evalua- 
tions including diagnostic fetal bladder aspiration or 
percutaneous catheter drainage for assessment of urine 
electrolyte levels and osmolarity form the basis of this 
report. Portions of 20 of these cases have been previ- 
ously reported.™® 

Analysis. Fetuses were assigned retrospectively to the 


good prognosis group if the urine sodium concentra- 
tion was <100 mEq/L, the chloride concentration was 
<90 mEq/L, the osmolarity was <210 mOsm/L, there 
were no renal cortical cysts, and the echogenicity of the 
renal parenchyma was normal or only slightly in- 
creased. Fetuses who failed to meet one or more of 
these criteria were assigned to the poor prognosis 
group. There were 16 fetuses who met all criteria for 
the good prognosis group, leaving 24 fetuses in the 
poor prognosis group. 

We compared outcome in these two groups to assess 
the accuracy of the prognostic criteria. In addition, we 
compared differences in urine electrolyte levels and 
osmolarity and differences in the sensitivity and spec- 
ificity of ultrasonography in predicting renal dysplasia 
(by correlation with autopsy material or renal function 
in survivors).° 

We assessed the efficacy of prenatal decompression 
by comparing the outcome (survival with normal renal 
function; serum creatinine level < 0.3 mg/dl) of 
treated and untreated fetuses within each prognostic 
group. To assess the effect of oligohydramnios, we com- 
pared the survival of fetuses with oligohydramnios who 
progressed to term versus survival of fetuses without 
oligohydramnios who progressed to term. 

The criteria used to decide whether intervention was 
appropriate were evolving during most of the period 
of this review. It is for that reason that several fetuses 
with a poor urine electrolyte profile or ultrasono- 
graphic evidence suggesting renal dysplasia underwent 
intervention. Because of the experimental nature of 
fetal intervention, initially only the most seriously af- 
fected fetuses were offered fetal intervention, intro- 
ducing an unfavorable bias among patients in the poor 
prognosis group who underwent intervention. Simi- 
larly, two fetuses had intervention despite the presence 
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Fig. 2. Fetal urinary sodium, chloride, and osmolarity in 40 fetuses with bilateral hydronephrosis. 
Data are individual values and mean + 2 SD for 16 fetuses in the good prognosis group (©) and 24 


fetuses in the poor prognosis group (@). 


of normal amniotic fluid volume. The presence of nor- 
mal amniotic fluid volume is now considered an indi- 
cation that intervention is unnecessary. It has only been 
in the last 2 years that appropriate selection criteria 
have come into sharper focus, partly as a result of con- 
tinued retrospective analysis. 

The unpaired Student's ¢ test was used for statistical 
analysis of fetal urine sodium, chloride, and osmolarity 
data. The accuracy of prognostic criteria was analyzed 
by the Mantel-Haenszel test with 1 df. 


Results 


The prognostic criteria accurately predicted survival 
(p < 0.005) in fetuses who are candidates for interven- 
tion. Overall survival in the series was 16 of 40 (37.5%). 
If 14 elective terminations, performed because amni- 
otic fluid did not accumulate after catheter placement 
or because another anomaly was subsequently detected, 
are excluded, survival was 16 of 26 (58%). In the poor 
prognosis group overall survival was 3 of 24 (12.5%) 
(Fig. 1), and if the 14 elective terminations are ex- 
cluded, survival was 3 of 10 (30%). All 3 had fetal in- 
tervention. In the good prognosis group overall sur- 
vival was 13 of 16 (81.2%). Differences were demon- 
strated between the poor and good prognosis groups 
in comparing fetal urine sodium, chloride, and osmo- 
larity (Fig. 2). The cutoff values for each variable were 
shown to be >2SD from the mean of the good prog- 
nosis group. 

Sonographic detection of cortical cysts was 100% spe- 
cific (7/7) in predicting dysplasia on histologic section 
but only 58% sensitive (7/12). Likewise, increased echo- 
genicity of the fetal kidney was 100% (8/8) specific but 
only 66% sensitive (8/12). 

In both groups survival was greater in fetuses who 
were decompressed in utero than in those who were 


not. In the poor prognosis group, of the 10 fetuses who 
were treated, there were 3 elective terminations, 4 neo- 
natal deaths caused by pulmonary hypoplasia and/or 
renal dysplasia, and 3 survivors (30%) (Fig. 3). In 3 of 
4 infants who died, fetal intervention failed to restore 
amniotic fluid volume. The fourth infant who died 
never had documented amniotic fluid before treatment 
and, despite normal amniotic fluid volume after treat- 
ment, died of pulmonary hypoplasia and renal dyspla- 
sia at birth. Even among the survivors, the outcome was 
poor; two of the three survivors have end-stage renal 
disease, one having undergone renal transplantation 
and the other awaiting a donor. The only survivor with 
normal renal function in the poor prognosis group is 
alive and well at 16 months of age. This infant would 
have been in the good prognosis group except for one 
discrepant value, an osmolarity of 221 mOsm/kg. 
Among the 14 infants in the poor prognosis group who 
had no intervention, there were 11 elective termina- 
tions and 3 neonatal deaths caused by pulmonary hy- 
poplasia and/or renal dysplasia. 

Of the 9 infants who were treated in the good prog- 
nosis group, there was | elective abortion and 8 neo- 
natal survivors, all with normal renal function (serum 
creatinine level < 0.3 mg/dl Fig. 4). One of the 8 sur- 
vivors died at 9 months of age from unrelated causes; 
this infant had normal renal function at the time of 
death. Of the 7 infants in the good prognosis group 
who were untreated, none were aborted, 2 died after 
birth, and 5 survived. In all 5 survivors amniotic fluid 
volume was normal throughout the pregnancy. In con- 
trast to fetuses who were treated, two of the untreated 
fetuses have developed elevated serum creatinine sug- 
gesting chronic renal insufficiency. The incidence of 
oligohydramnios in the good prognosis group was 7 of 
16. All 6 with oligohydramnios who had fetal interven- 
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Fig. 3. Comparison of outcomes of 24 fetuses in the poor prognosis group between those who 


underwent intervention and those that did not. 


tion survived. One fetus with oligohydramnios in the 
untreated group, whose parents refused intervention, 
died at birth of pulmonary hypoplasia. 

In the 25 fetuses who progressed to term, those with 
uncorrected oligohydramnios had a much poorer prog- 
nosis than did those with amniotic fluid volume that 
was normal, either naturally (n = 8) or as a result of 
intervention (n = 9). Seventeen patients with oligohy- 
dramnios underwent fetal intervention (7 in the good 
prognosis group and 10 in the poor prognosis group). 
Amniotic fluid volume was restored in 9 of 17 (53%). 
Fetal intervention failed to restore amniotic fluid in 8 
fetuses, none of whom survived. After failure of inter- 
vention, 3 were electively aborted, one spontaneously 
aborted, and the remaining four fetuses died of pul- 
monary hypoplasia at birth. Normal or restored am- 
niotic fluid volume in 17 fetuses resulted in a 94% neo- 
natal survival (3 in the poor prognosis group, 14 in the 
good prognosis group; the single death was from un- 
related causes). 

Vesicoamniotic catheters were complicated by cho- 
rioamnionitis in 3 of 21 procedures (2 in the poor prog- 
nosis group and | in the good prognosis group), re- 
sulting in termination of the pregnancy. There was no 
fetal morbidity or mortality from five cases of open fetal 
surgery, but one mother had an amniotic fluid leak and 
another developed pseudomembranous colitis.’ Pre- 
term labor necessitating tocolytic therapy occurred af- 
ter all open fetal procedures. 


Comment 

The most important finding of this study is that the 
tonicity of fetal urine and the ultrasonographic ap- 
pearance of the fetal kidneys appear to predict outcome 


in fetuses with bilateral hydronephrosis. In the poor 
prognosis group, only 3 of the 24 infants survived, each 
with some form of fetal therapy. Although intervention 
restored amniotic fluid volume in these 3 cases, allowing 
adequate pulmonary development to support survival 
at birth, the development of renal failure in 2 of them 
was not unexpected. It is known that a sizable per- 
centage of infants with posterior urethral valve syn- 
drome have slow, progressive renal deterioration after 
postnatal decompression.” *! 

By contrast, 14 of 16 infants in the good prognosis 
group survived the neonatal period (1 later died of 
unrelated causes). Of the three who died, one was lost 
before birth because of chorioamnionitis complicating 
vesicoamniotic shunt placement. Only one newborn 
died of pulmonary hypoplasia, and in this case inter- 
vention was declined despite persistent oligohydram- 
nios. All survivors except two have normal renal func- 
tion (serum creatinine level < 0.5 mg/dl) on late follow- 
up. In these two normal amniotic fluid values were 
maintained before birth and thus they were not offered 
intervention. 

Fetal intervention appears to be efficacious in ap- 
propriately selected fetuses in restoring amniotic fluid 
and preventing death caused by pulmonary hypoplasia. 
Overall, fetal intervention was successful in restoring 
amniotic fluid volume in 9 of 17 cases, preventing death 
caused by pulmonary hypoplasia in all nine. Failure to 
restore amniotic fluid in the remaining 8 resulted in 
death caused by pulmonary hypoplasia in the 5 fetuses 
who progressed to term. In the poor prognosis group 
3 of 10 fetuses who had amniotic fluid restored to nor- 
mal survived but none of the 14 untreated fetuses sur- 
vived (because of their poor prognosis, 11 were elec- 
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Fig. 4. Comparison of outcomes in 16 fetuses in the good prognosis group between those who 


underwent intervention and those that did not. 


tively terminated). In the good prognosis group the 
suggestion of therapeutic efficacy is more striking. 
Eight of the 9 treated patients survived, all with normal 
renal function. The ninth fetus aborted because of cho- 
rioamnionitis complicating a technically successful cath- 
eter placement. 

The effects of oligohydramnios on survival highlight 
the efficacy of in utero intervention in restoring am- 
niotic fluid volume and preventing pulmonary hypo- 
plasia. When oligohydramnios develops in association 
with severe obstructive uropathy before 24 weeks’ ges- 
tation (during the canalicular stage of lung develop- 
ment), both renal dysplasia (Potter’s type IV cystic dis- 
ease) and pulmonary hypoplasia that precludes neo- 
natal survival usually develop in the fetus.'® = In 
the good prognosis group 6 of the 7 with oligohy- 
dramnios had fetal intervention and all 6 are alive with 
normal renal function. In contrast the seventh patient 
with oligohydramnios who had no intervention died at 
birth of pulmonary hypoplasia. In the poor prognosis 
group 3 fetuses with corrected oligohydramnios sur- 
vived at birth, and all those with uncorrected oligo- 
hydramnios progressing to term died of pulmonary 
hypoplasia. 

Although vesicoamniotic catheters caused little ma- 
ternal morbidity, they were complicated by a disturb- 
ingly high incidence of chorioamnionitis. However, all 
cases occurred early in our experience, before antibiotic 
prophylaxis was instituted and while a long-term (4- to 
16-hour) catheter rather than needle aspiration was 
used for fetal urine sampling. In contrast, there was 
no fetal morbidity or mortality as a direct result of open 
fetal surgery performed in 5 patients. Preterm labor, 
however, was a common problem and remains a major 
challenge with this technique’? 

The development of postnatal renal failure in 2 in- 
fants in the good prognosis group who were not treated 
because amniotic fluid volume remained normal raises 
a question about treating fetuses with obstruction be- 


fore oligohydramnios develops. Could renal failure 
have been avoided by intervention? Because renal pa- 
renchymal development or maldevelopment is com- 
plete at birth, relief of obstruction in infancy or 
childhood may not prevent progression to end-stage 
renal disease.” The severity of dysplasia at birth de- 
pends on the timing and the degree of obstruction be- 
fore birth.'® 1% Experimental work suggests that re- 
lief of obstruction during the most active phase of 
nephrogenesis (between 20 and 30 weeks’ gestation in 
humans) may obviate further damage and allow 
nephrogenesis to proceed normally. One neonatal sur- 
vivor identified at 18 weeks’ gestation as having severe 
obstructive uropathy had a favorable prognostic profile 
at the time of presentation, but because of the normal 
amniotic fluid volume, intervention was not considered. 
Although the ultrasonographic appearance of the fetal 
kidneys was normal at 18 weeks, the postnatal sono- 
gram suggested renal dysplasia. It is possible that this 
fetus might have benefited from urinary tract de- 
compression at 18 weeks’ gestation to arrest ongoing 
renal damage. However, at this time there is insufficient 
evidence to support prenatal intervention in human 
fetuses with normal amniotic fluid volume. 

In summary, the prognostic criteria initially proposed 
for predicting outcome and selecting management for 
fetuses with obstructive uropathy have proved accurate. 
Prenatal decompression of the obstructed fetal urinary 
tract appears to improve survival by preventing fatal 
pulmonary hypoplasia associated with unrelieved oli- 
gohydramnios, but it is not yet clear that prenatal de- 
compression prevents the development of renal dys- 
plasia. The efficacy of intervention cannot be shown 
from a retrospective analysis and will require a con- 
trolled prospective study. 


We gratefully acknowledge the editorial review of 
this manuscript by Mimi Zeiger and statistical advice 
from Walter Hauck, PhD. 
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Intrafetal prostaglandin F,, administration for midtrimester 
pregnancy termination: A case report 


Constantinos N. Christodoulou, MD, Ion-George Kotoulas, MD, 
Emmanuel B. Agapitos, MD, and Andreas K. Germanos, MD 


Athens, Greece 


An original route for prostaglandin F,, administration for midtrimester pregnancy termination is presented. 
The diagnosis of nuchal cystic hygroma in a hydropic fetus with severe oligohydramnios was made by 
real-time ultrasonography. Forty milliliters of fluid was aspirated for laboratory studies and prostaglandin 
F,,, was injected into the nuchal cysts to induce abortion. The pregnancy was successfully terminated 


8 hours later. (AM J OssteT GYNECOL 1990;162:1245-6.) 


Key words: Intrafetal, prostaglandin, pregnancy termination 


The use of prostaglandins (PGs) is a well-accepted 
technique for second-trimester pregnancy termination. 
Nevertheless the route of administration is under con- 
tinuous investigation. The provided literature refers to 
intraamniotic, extraamniotic, intracervical, intrava- 
ginal, intravenous, intramuscular, and oral administra- 
tion.' We present a case of successful midtrimester 
pregnancy termination after injection of prostaglandin 
Foa (PGF,,) into the nuchal cysts of a fetus that had 
cystic hygroma, edema anasarca, and severe oligohy- 
dramnios. 


Case report 

A 27-year-old Greek woman, gravida 2, nullipara, was 
referred for a routine ultrasonographic scan, to detect 
any fetal congenital abnormalities, when her pregnancy 
was 21 weeks by dates. Gestational age was consistent 
with early first-trimester ultrasonographic evaluation. 

Her previous gestation had ended in a spontaneous 
abortion at 15 weeks’ gestation. No congenital abnor- 
malities were detected by clinical examination of the 
abortus. Serologic evaluation of the mother for Toxo- 
plasma, Listeria, cytomegalovirus, and syphilis was neg- 
ative. Mycoplasma cultures also were negative. 

The first trimester of her second gestation was un- 
eventful. Ultrasound scan at 13 weeks revealed no ab- 
normal findings of the fetus, and at 14 weeks a Shi- 
rodkar suture was placed because cervical insufficiency 
was considered a possible reason for the unfavorable 
outcome of her first pregnancy. 

At 21 weeks by dates a single fetus was observed 
ultrasonographically, with upper posterior placenta 
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and severer oligohydramnios-anhydramnios (no mea- 
surable pouch of amniotic fluid). The fetus had mul- 
tilocular nuchal cystic masses extending toward the 
head, which were characteristic for cystic hygroma. As- 
cites, pleural effusion, and skin edema also were pres- 
ent. Fetal biparietal diameter, external binocular dis- 
tance, head circumference, and femur length were 
suggestive of moderate intrauterine growth retarda- 
tion, whereas abdominal circumference was larger than 
expected, presumably because of the presence of 
ascites. 

After counseling the parents decided for pregnancy 
termination. The patient was admitted to Obstetrical 
and Gynecological Center “Elena El. Venizelou,” and 
after routine clinical and laboratory evaluation the Shi- 
rodkar suture was withdrawn. As already mentioned, 
amniotic fluid was completely absent. On the other 
hand, nuchal cysts of the fetus were big enough and 
thus provided safe access (above the maternal pubis). 
One hour after Shirodkar suture withdrawal, PGF», 40 
mg, was administered into the nuchal cysts. Before PG 
injection, 40 ml of fluid contained in the nuchal cysts 
was aspirated for karyotyping and biochemical analysis. 
Both trachelocentesis (i.e., puncture of the neck; from 
trachilos, a greek word for neck) and PG injection were 
performed under continuous real-time ultrasono- 
graphic guiding. The tip of the needle was visualized 
at all times (Fig. 1). While a 3.5 MHz sector transducer 
was held with the left hand and placed 5 to 10 cm away 
from the sterile insertion site, a 20-gauge needle was 
introduced with the right hand through the maternal 
abdomen, uterine wall, chorion, amnion, and fetal skin 
and into the nuchal cysts. The long axis of the trans- 
ducer and the needle were at right angles. The stylet 
was removed, 40 ml of the contained yellowish clear 
fluid was aspirated, and 40 mg of PGF», was injected, 
after it was ascertained that the needle tip was still 
within the nuchal cyst. 

Meperidine, 50 mg, and atropine sulfate, 0.5 mg, 
were given intramuscularly to prevent PG side effects 
and pain. 
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Fig. 1. Under continuous ultrasonographic guidance, PGF», 
was injected intrafetally and into the nuchal cysts. The tip of 
the needle (bright echo in the middle of the cystic structure) 
was visualized at all times. 


Uterine contractions started 2 hours later. Five hours 
after PG injection, oxytocin infusion was added, and 
3 hours later a 950 gm female neonate who had cystic 
hygroma was delivered (Fig. 2). The placenta was de- 
livered spontaneously and then a curettage was done, 
although no placental fragment was missing; no pla- 
cental remnants were found. 

During PG induction, labor, and delivery, objective 
complaints were minimal and only the initial medica- 
tions already mentioned were given. 

Cell culture for karyotyping was successful and the 
result was 45,XO. 

Autopsy and histologic findings were consistent with 
the ultrasonographic findings. Cystic hygroma, hy- 
drops, hypoplastic ovaries, hepatic telangiectasia, and 
hypermaturation of the placenta were found, whereas 
the external genitalia were feminine. 


Comment 


Several routes of PG administration are being used 
for pregnancy termination, especially during second 
trimester. However, the intrafetal way is not described 
in the literature, although the role of the fetus in ini- 
tiation of parturition is well recognized. 

Cystic hygroma, a jugular lymphatic obstruction se- 
quence, is a congenital malformation of the lymphatic 
system, one that ultrasonographically appears as either 
a single or multilocular mass, predominantly cystic as 
was our case. Nonimmune fetal hydrops develops as a 
result of lymphatic obstruction in 87% of cases accord- 
ing to a series presented by Chervenak et al.* No fetus 
in that group survived.” 

Because of need for karyotyping to establish the fetal 
genetic background, trachylocentesis was performed 
under continuous ultrasonographic guiding. Oligohy- 
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Fig. 2. A fetus with cystic hygroma was aborted 8 hours after 
PG injection. The needle shows the space where the injection 
was guided. 


dramnios was prohibitive of either amniocentesis or 
intraamniotic PG instillation. The presence of severe 
cystic hygroma and hydrops offered an alternative 
space for PG injection, first because the presence of the 
cystic wall was another protective barrier toward the 
mother and second because the absence of direct com- 
munication to fetal blood vessels made it unlikely to 
result in adverse side effects. 

Indeed, as already mentioned, no side effects ap- 
peared. On the other hand, the abortive action of PGFs, 
injected into a fetal space after trachylocentesis was 
adequate and perhaps will stimulate investigation to- 
ward other intrafetal routes for PG administration. Ac- 
cording to our presented case, PG injection for second- 
trimester abortion administered by fetal trachylocen- 
tesis in cases of oligohydramnios and nuchal cystic hy- 
groma is a reasonable alternative. 
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Femur length shortening in the detection of Down syndrome: 


Is prenatal screening feasible? 


David A. Nyberg, MD," Robert G. Resta, MS, Durlin E. Hickok, MD,” 
Kathryn A. Hollenbach, PhD, David A. Luthy, MD, and Barry S. Mahony, MD* 


Seattle, Washington 


The potential utility of screening for femur length shortening in prenatal detection of Down syndrome 
(trisomy 21) was evaluated by comparing 49 consecutive fetuses with Down syndrome with 572 
chromosomally normal fetuses before genetic amniocentesis. Ratios of measured femur length/predicted 
femur length and biparietal diameter/femur length were calculated for each fetus. The predicted femur 
length was calculated from a regression equation relating the biparietal diameter and femur length derived 
from a sample control group. With this normal regression equation, 7 of 49 (14.3%) fetuses with Down 
syndrome had short femur lengths (measured femur length/predicted femur length ratio of =0.91) 
compared with 35 of 572 (6.1%) fetuses with a normal karyotype (p < 0.05). However, the maximum 
positive predictive value for identification of Down syndrome based on short femur lengths was only 0.93% 
for a high-risk population (prevalence of Down syndrome, 1 :250) and 0.33% for a low-risk population 
(prevalence of Down syndrome, 1:700). We conclude that ultrasonographic screening of short femur 
length is less effective for prenatal detection of Down syndrome than initially suggested. (Am J OBSTET 


GYNECOL 1990;162:1247-52.) 


Key words: Anomalies, Down syndrome, trisomy 21, chromosomal abnormalities, 


ultrasonography 


Recent attention has been directed toward prenatal 
ultrasonographic findings that might be associated with 
an increased risk of chromosomal abnormalities. Im- 
proved detection of fetuses with Down syndrome (tri- 
somy 21) would be particularly useful because the ma- 
jority of infants with Down syndrome are born to moth- 
ers with no known clinical risk factors.’ Also, unlike 
other major autosomal aneuploidies, the majority of 
fetuses with Down syndrome survive into childhood 
and beyond. 

Benacerraf et al.” have described an association be- 
tween short femur length and Down syndrome. Using 
a measured femur length/ predicted femur length ratio 
of 0.91 or less, these authors reported that a short fe- 
mur length had a positive predictive value of 12% for 
identifying a group of 28 fetuses with Down syn- 
drome (sensitivity, 75%; specificity, 98%; and assumed 
prevalence of 1:250 for Down syndrome).? Perella 
et al. performed a similar analysis and found that a 
measured/expected femur length ratio of $0.91 re- 
sulted in a positive predictive value of 3% for detecting 
Down syndrome, assuming the same prevalence of 


From the Departments of Ultrasound’ and Perinatal Medicine, Swed- 
ish Hospital Medical Center, and the Department of Epidemiology, 
University of Washington Hospital.“ 

Received for publication August 23, 1989; revised December 11, 
1989; accepted January 18, 1990. 

Reprint requests: David A. Nyberg, MD, Seattle Ultrasound Asso- 
ciates, Suite 1150, 1229 Madison St., Seattle, WA 98104. 

6/1/19492 


Down syndrome. Using another approach, Brumfield 
et al.‘ found that fetuses with Down syndrome are more 
likely to have an elevated biparietal diameter/ femur 
length ratio (> 1.8) compared with normal fetuses dur- 
ing the seventeenth week of gestation. Other authors 
have defined short femur length as <1.5 SDs for age.° 
Although the results of these studies suggest an as- 
sociation between short femur lengths and Down syn- 
drome, confirmation from other centers with different 
patient populations has been recommended before this 
method is applied as a screening procedure.’ This study 
describes our experience in attempting to identify fe- 
tuses with Down syndrome based on a short femur 
length. This represents the largest number of fetuses 
with Down syndrome (r = 49) evaluated by prenatal 
ultrasonography from a single institution. 


Material and methods 


Between 1983 and 1988, 49 fetuses with Down syn- 
drome were identified among 7200 patients referred 
for genetic amniocentesis between 15 and 20 menstrual 
weeks. Patients with menstrual age <15 weeks or >20 
weeks were excluded from this study. Patients were 
referred primarily for advanced maternal age; other 
indications included low maternal serum a-fetoprotein, 
elevated maternal serum a-fetoprotein, or a family his- 
tory of chromosomal abnormalities. 

Each patient underwent prenatal ultrasonography 
before genetic amniocentesis to determine the gesta- 
tional age and identify anomalies that might not be 
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Fig. 1. Comparison of femur length with biparietal diameter (BPD) for 384 fetuses with normal 
karyotypes in the normal sample cohort. The dotted line is the regression line, described as : femur 
length = 0.862 cm x BPD — 0.9454 cm. Solid lines show normal range (+ 1.5 SDs). 


detected with genetic amniocentesis. All ultrasono- 
graphic measurements were made with similar real- 
time ultrasonographic equipment and in the same man- 
ner in all fetuses. The biparietal diameter was measured 
in the standard method from the outer edge of the 
cranium to the inner edge of the contralateral side on 
a transaxial scan at the level of the thalami. 

The femur length was measured in the standard 
manner, which includes the diaphyseal portion of the 
femoral shaft. In each case, two to three measurements 
of the femur length were obtained by an experienced 
ultrasonographer without awareness of the corre- 
sponding menstrual age. After imaging was completed, 
the dating parameters were subsequently compared 
with standard dating tables to determine the mean ges- 
tational age for each dating parameter. During the last 
2 years of the study, the values were entered into a 
personal computer program (MacIntosh system) rather 
than referring to tables. The images and biometric data 
were then reviewed by a physician-sonologist, who also 
performed the scanning procedure on the patient and 
was the final arbiter regarding the dating parameters 
reported. 

To determine the normal relation between the bi- 
parietal diameter and femur length at our center, a 
sample group of 384 consecutive fetuses with normal 
karyotypes was prospectively evaluated during a 3- 
month period (March 1988 to May 1988) before genetic 
amniocentesis. A regression equation relating femur 
length to biparietal diameter was calculated from this 
normal population. This normal regression equation 


was then applied to (1) a normal control group com- 
prising 572 consecutive fetuses with normal karyotypes 
examined between June 1988 and September 1988 and 
(2) 49 fetuses with Down syndrome. For each fetus the 
measured femur length was compared with the pre- 
dicted femur length as a ratio in the same manner as 
that described by Benacerraf et al.” With this method, 
for example, a disproportionately short femur length 
would result in a measured femur length/predicted 
femur length ratio <1 and a disproportionately long 
femur length would result in a measured femur 
length/predicted femur length ratio >1. 

Simple linear regression was performed with least- 
squares analysis. Differences between patient groups 
were determined by the Fisher exact test. 


Results 


The relation between femur length and biparietal 
diameter for the normal sample group of 384 fetuses 
with normal karyotypes is shown in Fig. 1. The regres- 
sion equation for predicting femur length based 
on biparietal diameter in this sample cohort 
is described as follows: femur length (centi- 
meters) = 0.862 x —0.9454 (R = 0.93; SE = 0.155). 
Table I reports the predicted femur length and range 
(+1 SD) for each biparietal diameter. The intraob- 
server variability and interobserver variability (95% 
confidence) for measuring femur length were 1.5 and 
1.9 mm, respectively. 

Fig. 2 shows a scatter plot comparing femur length 
and biparietal diameter for the 49 fetuses with Down 
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Fig. 2. Comparison of femur length with biparietal diameter (BPD) for 49 fetuses with Down 
syndrome. Solid lines show + 1.5 SDs derived from normal cohort (Fig. 1). 


Table I. Predicted femur length calculated from biparietal diameter in 382 fetuses with normal karyotypes*; 
threshold for a measured femur length/predicted femur length (MFL/PFL) ratio of 0.91 is also reported 


3.0 1.64 1.52-1.77 1.49 
S 1.73 1.60-1.86 1.57 
a2 1.81 1.68-1.94 1.65 
3.3 1.90 1.77-2.03 1.73 
3.4 1.99 1.86-2.13 1.81 
3.5 2.07 1.94-2.21 1.88 
3.6 2.16 2.03-2.30 1.97 
3.7 2.24 2.08-2.41 2.04 
3.8 2.33 2.17-2.50 2.12 
3.9 2.41 2.25-2.58 2.20 
4.0 2.50 2.32-2.68 2.28 
4.1 2.59 2.41-2.77 2.36 
4.2 2.68 2.50-2.86 2.44 
4.3 2.76 2.56-2.86 2.51 
4.4 2.85 2.65-3.05 2.59 
4.5 2.93 2.73-3.13 2.67 
4.6 3.02 2.80-3.24 2.75 
4.7 3.11 2.89-3.33 2.83 
4.8 3.19 2.97-3.41 2.90 
4.9 3.28 3.06-3.50 2.98 
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BPD, Biparietal diameter; FL, femur length; MFL/PFL, measured femur length/ predicted femur length. 
*Regression equation: femur length = 0.862 x BPD—0.9454. 


syndrome. With the regression equation derived from 
the normal sample cohort, 7 of 49 (14.3%) fetuses with 
Down syndrome had short femur lengths (measured 
femur length/predicted femur length ratio < 0.91) 
compared with 35 of 572 (6.1%) fetuses with normal 
karyotypes in the larger control group (p < 0.05, Fisher 
exact test). No significant difference was noted in 
femur-length shortening between the normal sample 
cohort (n = 384) and the control group of 572 normal 


fetuses; a measured femur length/predicted femur 
length ratio of 0.91 was found in 7.3% and 6.1% of 
cases, respectively. 

The frequency of short femur lengths was quite dif- 
ferent when the normal regression equations reported 
by Benacerraf et al.* or Perella et al. were applied to 
our normal population and the group with trisomy 21 
(Table II). For example, the normal regression equa- 
tion reported by Benacerraf et al. would have identified 
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— Boston 
== UCLA 
— Seattle 


Fig. 3. Normal regression line compared femur length (FL) with biparietal diameter (BPD) derived 
from the present study (Seattle) compared with regression lines derived at Boston’ and the University 
of California, Los Angeles (UCLA). Regression formulas are reported in Table II. 


Table II. Positive predictive values of short femur length, determined by a measured femur 
length/predicted femur length ratio of 0.91 or less, calculated from three different regression formulas 
and applied to our population; positive predictive values are reported for both a high-risk population 
(prevalence of Down syndrome, 1:250) and a low-risk population (prevalence of Down syndrome, 1:700) 
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0.93 0.33 
0.35 0.13 
0.53 0.19 
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MFL/PFL, Measured femur length/ predicted femur length. 


*Femur length (centimeters) = 0.862 x biparietal diameter (centimeters) — 0.9454. 
+Femur length (centimeters) = 0.9338 x biparietal diameter (centimeters) — 0.9645. 
Femur length (centimeters) = 0.878 x biparietal diameter (centimeters) — 0.89594. 


55.1% of fetuses with Down syndrome but also would 
have categorized 62.8% of normal fetuses as being ab- 
normal, For comparison the normal regression lines ob- 
tained by these authors (Boston) and Perella et al. (Uni- 
versity of California, Los Angeles) are shown in Fig. 3. 

Table III shows the sensitivity, specificity, and pre- 
dictive values of various thresholds of measured femur 
length/predicted femur length ratios with our normal 


regression equation. Assuming a 0.4% prevalence of 


trisomy 21, similar to that of 35-year-old women, the 
maximum positive predictive value (0.97%) occurred 
at a measured femur length/predicted femur length 
ratio of <0.89. However, because a threshold of 0.91 
yielded a similar positive predictive value (0.93%) but 
a much higher sensitivity for Down syndrome (14.3% 
vs 6.1%), this level was chosen as the optimal thresh- 


old level. As shown in Table III, the positive pre- 
dictive value for each measured femur length/pre- 
dicted femur length ratio is proportionately smaller 
for populations with a low prevalence of Down syn- 
drome. 


Comment 


Our results confirm those of other reports suggesting 
that, at least during the second trimester, fetuses with 
Down syndrome more frequently demonstrate short 
femur lengths relative to the biparietal diameter than 
do fetuses with a normal karyotype.** However, 
whether this association justifies genetic amniocentesis 
for fetuses identified with short femur lengths in a low- 
risk population is a question yet to be resolved. To help 
answer this question, this study compared biometric 
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Table III. Positive predictive value for various thresholds of actual femur length/ predicted femur 
length ratio 






Positive predictive value 










Down 
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Normal fetuses Prevalence of 
i Down syndrome 


1:250 (%) 


Prevalence of 
Down syndrome 


1:700 (%) 


MFL/PFL 
ratio 







0.88 1.9 4.1 0.86 0.31 
0.89 2:5 6.1 0.97 0.35 
0.90 3.5 6.1 0.69 0.25 
0.91 6.1 14.3 0.93 0.33 
0.92 8.7 19:3 0.88 0.31 
0.93 13.3 19.3 0.55 0.20 


MFL/PFL, Measured femur length/ predicted femur length. 


data from a large number of fetuses with Down syn- is included in the measurement.” Although infants with 
drome (n = 49) with those from fetuses with a normal Down syndrome tend toward brachycephaly, no dif- 
karyotype (n = 572). ference has been observed by ultrasonography in the 

Previous studies have emphasized the positive pre- cephalic index for fetuses with Down syndrome com- 
dictive value of short femur length based on a preva- pared with normal fetuses during the second trimes- 
lence of Down syndrome similar to that of 35-year-old ter.” ° Use of different real-time ultrasonographic 
women (1 :250).** However, a more realistic approach equipment is unlikely to be a contributing factor be- 
would be to assess only women <35 years old because cause both sector and linear-array transducers result in 
advanced maternal age is a well-established risk factor similar femur length measurements." 
for Down syndrome and is itself an indication for am- These arguments suggest that femur length mea- 
niocentesis. Assuming a prevalence of Down syndrome surements for both normal fetuses and fetuses with 
of about 1: 700 for women <35 years old," a measured Down syndrome are longer relative to the biparietal 
femur length/predicted femur length ratio of <0.91 diameter when measured by Benacerraf et al.’ com- 
carried a positive predictive value of only 0.33% in this pared with our own measurements. Other recent 
study. Hence shortened femur length could identify studies'*'* have reached similar conclusions. For ex- 
14% of fetuses with Down syndrome but would also ample, Lockwood et al.’ attempted to combine data 
require amniocentesis of 6% of normal fetuses. Nearly from New Haven with data obtained in Boston by Ben- 
identical results were recently reported by Peters et al.’ acerraf et al.” but found that the results differed sig- 
but with a smaller sample size of fetuses with Down nificantly enough that a combined analysis was not pos- 
syndrome. sible. 

The predictive value of short femur length observed A number of authors have now emphasized the im- 
in the present study (0.33%) compares with a positive portance of each center establishing its own regression 
predictive value of 4.3% suggested by Benacerraf et al.’ formula relating femur length to biparietal diame- 
and 1% reported by Perella et al.* (corrected for a prev- ter.” '*" Variation between centers should be consid- 
alence of Down syndrome of 1:700).2* These differ- ered carefully when planning future studies of short 
ences can be attributed in large part to different regres- femur length. For example, Lynch et al. recently con- 
sion equations that relate femur length to biparietal cluded that short femur length was not helpful for 
diameter in normal fetuses. Although variations in identifying fetuses with Down syndrome, but these au- 
biometry of the fetal populations could also theoreti- thors used the regression equation reported by Bena- 
cally explain the results, this is unlikely because fetal cerraf et al.” rather than determining their own rela- 
biometry appears uniform across racial boundaries tionship between femur length and biparietal diameter. 
during the second trimester.” As our study shows, different regression formulas will 

Systematic differences in the methods of measure- result in significantly different conclusions. 
ment of femur length are the most likely source of In attempting to identify fetuses with Down syn- 
differences between reported studies. Measurement of drome and short femur lengths, another approach has 
the femoral diaphysis is subject to greater interobserver compared the biparietal diameter/femur length ratio 
variation than is measurement of the biparietal diam- between normal fetuses and those with Down syn- 
eter; the femur length can be underestimated by failing drome. Lockwood et al.’ compared a biparietal diam- 
to obtain a longitudinal view of the entire shaft, or it eter/femur length ratio with menstrual age and found 


can be overestimated if the epiphysis or distal flaring that more fetuses with Down syndrome demonstrated 
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a small biparietal diameter/femur length ratio (>1.5 
SD for age).’ However, this method requires knowledge 
of the menstrual age and it is unclear whether the bi- 
parietal diameter measurements were used to calculate 
the menstrual age in that study. Comparison of absolute 
biometric measurements is a more attractive approach 
because it eliminates the need for dating formulas and 
data between institutions is compared more easily. For 
comparison with other institutions, we have reported 
both the expected femur length and standard devia- 
tions for each biparietal diameter between 16 and 20 
weeks (Table I). 

Even after accounting for differences in normal 
regression equations, the present study showed less dis- 
tinction between fetuses with Down syndrome and 
chromosomally normal fetuses than other studies have 
suggested. This difference might be explained by a 
tendency for sonologists to minimize variations in ges- 
tational age with various dating parameters so that a 
misrepresentative longer measurement might be cho- 
sen for a fetus with short femurs. This tendency would 
significantly affect the predictive value of short femur 
lengths, particularly if fetuses with Down syndrome are 
more likely to show short femurs than are normal fe- 
tuses. Although this potential error may be valid, no 
selective bias was present in this study because the 
karyotype was not known at the time of the ultrason- 
ographic examination for any case. Also this potential 
bias would undoubtedly be even more likely if femur 
length shortening was applied as a screening test in 
low-risk populations by practicing sonologists. 

Some proponents might argue that the positive pre- 
dictive value of a short femur length in the present 
study (0.33%) is no worse than the low predictive value 
of genetic amniocentesis for a 35-year-old women 
(1:250 or 0.4%). However, we believe that any new 
screening test should carry a positive predictive value 
that exceeds the risk of pregnancy loss resulting from 
second-trimester amniocentesis (0.5%). Although it is 
unlikely that short femur length is related to other in- 
dications for genetic amnioicentesis (advanced mater- 
nal age or low maternal serum a-fetoprotein levels), we 
also believe that further information is needed to show 
the independence of these risk factors before short fe- 
mur length is adopted as a screening tool in the detec- 
tion of Down syndrome. 

We acknowledge that slightly different results would 
result in more favorable conclusions regarding the util- 
ity of short femur length as a screening test for Down 
syndrome. Also, a higher predictive value of short fe- 
mur length is probable when other abnormal karyo- 
types are considered; this study did not account for 
short femur length in association with other chromo- 
somal abnormalities such as trisomy 18.'* Finally, short 
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femur length might be incorporated with other indi- 
cations for genetic amniocentesis such as maternal age 
and levels of maternal serum a-fetoprotein, human 
chorionic gonadotropin, and estriol to determine a 
more precise risk of Down syndrome.’ However, if 
femur length is included in this analysis, a normal to 
long femur length should not be used as evidence 
against Down syndrome, because 12% (n = 6) of af- 
fected fetuses in the current series demonstrated a fe- 
mur length longer than that predicted (measured fe- 
mur length > predicted femur length > 1.0). 

In summary, although fetuses with Down syndrome 
are more likely to demonstrate short femur lengths 
than are chromosomally normal fetuses, the present 
study found a much lower predictive value than orig- 
inally suggested. It is our opinion that current data do 
not support short femur length as a screening test for 
Down syndrome by itself, although it may be useful for 
modifying other risk factors. 
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Early prenatal diagnosis of gastroschisis with 


transvaginal ultrasonography 


Edwin R. Guzman, MD 
Staten Island, New York 


A case is reported in which gastroschisis was definitively diagnosed at 123% weeks’ gestation by ' 
transvaginal ultrasonography. This is the earliest diagnosis reported in the literature and would seem to 
support the theory that gastroschisis and omphalocele are embryologically distinct entities. (Am J OBSTET 


GYNECOL 1990;162:1253-4.) 


Key words: Fetus, abdominal wall defect, gastroschisis, transvaginal ultrasonography 


Omphalocele and gastroschisis are relatively com- 
mon abdominal wall defects. The prognosis varies with 
each lesion, with omphalocele having a greater asso- 
ciation with other chromosomal and structural anom- 
alies. Thus it is important to accurately distinguish them 
sonographically. A case is presented in which gastros- 
chisis was diagnosed at 12% weeks by transvaginal ul- 
trasonography. 


Case report 

A 37-year-old pregnant woman, gravida 6, para 4-0- 
1-4, was referred to the antepartum fetal assessment 
laboratory at St. Vincent's Medical Center of Richmond 
for determination of gestational age at 1254 weeks by 
dates. She weighed 210 pounds and could not be ex- 
amined properly by pelvic examination. Transabdom- 
inal ultrasonography was also difficult. A crown-rump 
length of 58 mm, consistent with 1234 weeks, was ob- 
tained with a 5 MHz transvaginal probe (ADR/ATL 
Ultramark 4, Bothell, Wash.). Cross-sectional views of 
the fetal abdomen revealed an umbilical cord normally 
inserting into the abdomen and a protruding mass of 
bowel to the right of the cord insertion site (Fig. 1, A 
and B), with free-floating loops of bowel uncovered by 
peritoneum (Fig. 1, C). A longitudinal view of the fetus 
showed the exteriorized mass of bowel to have a narrow 
base that corresponded to its mesentery (Fig. 2). Al- 
though gastrischisis is not associated with an increased 
incidence of other anomalies, a genetic amniocentesis 
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for advanced maternal age was recommended at 17 
weeks. Results were: karyotype, 46,XX; amniotic fluid 
a-fetoprotein, 296 kIU/ml or 25.9 multiples of the me- 
dian; and acetylcholinesterase, negative. Premature 
rupture of the membranes occurred at 22% weeks’ ges- 
tation and ultrasonography revealed oligohydramnios 
and fetal death. A prostaglandin termination was per- 
formed, and a 345 gm female fetus was delivered. 
Pathologic examination revealed a normally implanted 
umbilical cord and a 1 cm abdominal wall defect to the 
right and lateral to the umbilicus, through which pro- 
truded necrotic bowel, not covered by peritoneum. Au- 
topsy report was otherwise negative. 


Comment 


Abdominal wall defects are fetal abnormalities de- 
tectable by ultrasonography. In attempting diagnosis, 
knowledge of the first-trimester physiologic midgut 
hernia is important. With transvaginal ultrasonogra- 
phy, Timor-Tritsch et al.' studied the abdominal wall 
and umbilical cord insertion in 61 embryos-fetuses 
from 7 to 12 weeks’ gestation. They did not observe a 
ventral herniation in any fetus after 12 completed 
weeks of gestation. This information effectively pre- 
vents the false diagnosis of omphalocele. Early diag- 
nosis of omphalocele has been described with transab- 
dominal ultrasonography at 12% weeks’ gestation.’ 

Most researchers believe that omphalocele and gas- 
troschisis are embryologically distinct lesions. If this 
were so, ultrasonographic technology would be the di- 
agnostic limiting factor and not gestational age. When 
considering the resolution of the transvaginally gen- 
erated sonograms of this case, it would seem reasonable 
to think that the diagnosis of gastroschisis could have 
been made at <12 weeks. Diagnosing gastroschisis at 
12% weeks’ gestation seems to support the concept of 
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Fig. 1. Cross section of fetal abdomen shows bowel evisceration 
to the right of a normally inserted umbilical cord (A and B) 


with floating bowel not covered by peritoneum (C) (arrow, 
umbilical cord insertion). 
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Fig. 2. Longitudinal view of fetus shows narrow base of bowel 
mass corresponding to its mesentery. 


embryologic distinction. However, there has been a case 
report supporting the concept that gastroschisis is a 
“ruptured omphalocele.”* 

This report further exemplifies the advantages of 
transvaginal ultrasonography over the transabdominal 
approach in early pregnancy. This should lead to early 
and accurate detection of anomalous development and 


may improve decision making and patient counseling. 
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Suppressive actions of a gonadotropin-releasing hormone 
antagonist on luteinizing hormone, follicle-stimulating 
hormone, and prolactin release in estrogen-deficient 


postmenopausal women 


Randall J. Urban, MD, Spyros N. Pavlou, MD,» Jean E. Rivier, MD, Wylie W. Vale, MD, 


Maria L. Dufau, MD,’ and Johannes D. Veldhuis, MD° 


Charlottesville, Virginia, Nashville, Tennessee, San Diego, California, and Bethesda, Maryland 


We investigated time- and dose-dependent actions of a gonadotropin-releasing hormone antagonist, the 
“Nal-Glu” peptide [Ac-D2Nal', 4CIDPhe?, D3Pal*, Arg’, DGlu°(AA), DAla’?], in nine healthy 
estrogen-withdrawn postmenopausal women. Gonadotropin-releasing hormone antagonist was 
administered subcutaneously at doses of 10, 30, 100, and 300 g/kg. Suppression of immunoactive 
luteinizing hormone concentrations was achieved with a 30 «g/kg dose of antagonist. Suppression of 
immunoactive follicle-stimulating hormone levels was less (40%) even at the highest antagonist dose (300 
ug/kg). Bioactive luteinizing hormone concentrations also significantly decreased (>60%) at the two 
antagonist doses tested (30 and 300 pg/kg). However, the lower antagonist dose showed an “escape” of 
bioactive luteinizing hormone values after 18 hours. No suppressive effects of the antagonist on prolactin 
secretion occurred at any dose tested. We conclude that this gonadotropin-releasing hormone antagonist 
can achieve effective, potent, and long-lasting suppression of pituitary secretion of biologically active 
luteinizing hormone at higher doses, but secretion of biologically active luteinizing hormone may “escape” 


at lower doses. (Am J Osstet GYNECOL 1990;162:1255-60.) 


Key words: Gonadotropin-releasing hormone antagonist, gonadotropin secretion, bioactive 
luteinizing hormone, gonadotropin-releasing hormone, prolactin secretion 


A recently developed class of compounds termed 
gonadotropin-releasing hormone (GnRH) antagonists 
has potential for clinical application based on an ability 
to produce immediate suppression of serum gonado- 
tropins by binding competitively with endogenous 
GnRH to pituitary gonadotroph receptors.'* The early 
GnRH antagonists had limited potency and produced 
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significant local histamine release at the site of subcu- 
taneous injection in human subjects.** Later GnRH an- 
tagonists have shown an improvement in potency while 
producing only minimal local histamine release with 
subcutaneous injection.”"° Recently, another GnRH an- 
tagonist that causes prolonged suppression of gonad- 
otropins after a single injection while producing no 
apparent local histamine release at the site of injection 
has been tested in monkeys.'’ Whether this action will 
be similar in humans is yet to be determined. 
Suppression of serum gonadotropin levels in hyper- 
gonadotropic postmenopausal women has been 
achieved with a GnRH agonist’ and GnRH antago- 
nists.* ° The latter resulted in measurable local 
edematous responses.” In this study we tested 
the dose-dependent suppression of gonadotropins 
and prolactin in estrogen-deficient hypergonadotropic 
postmenopausal women with the new investigative 
GnRH antagonist [Ac-D2NAL', 4CIDPhe*, D3Pal’, 
Arg®, DGlu®(AA), DAla'*] GnRH, the “Nal-Glu” pep- 
tide. In this primary hypogonadal setting with in- 
creased serum gonadotropin concentrations (from pre- 
sumed increased GnRH secretion), the true suppressive 
actions of this GnRH antagonist can be determined in 
the absence of feedback changes otherwise introduced 
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Fig. 1. Immunoactive LH time series observed before and after the injection of one of four doses 
of the Nal-Glu GnRH antagonist in representative postmenopausal women sampled at 20-minute 
intervals for 36 hours (arrow indicates time of antagonist administration). 


secondarily by declining gonadal steroid secretion in 
response to initial suppressive actions of the antagonist. 


Material and methods 


Patients. Nine normal, healthy postmenopausal 
women (ages 55 to 65 years) participated in this study 
after provision of written informed consent. All women 
were withdrawn from exogenous estrogens (if any) for 
at least 6 weeks before study. Detailed entrance history, 
physical examination, and baseline endocrine and met- 
abolic data were evaluated as described previously’ and 
were all normal. 

Clinical protocol. The women were admitted to the 
Clinical Research Center of the University of Virginia 
or Vanderbilt University. One hour after placement of 
an intravenous needle, blood was sampled at 20-minute 
intervals to establish a 6-hour baseline. The Nal-Glu 
antagonist was then administered by subcutaneous in- 
jection in the following doses: two women received 10 
ug/kg, two women receivd 30 pg/kg, two women re- 
ceived 100 pg/kg, and three women received 300 
ug/kg. Blood was sampled at 20-minute intervals for 
30 hours after GnRH antagonist administration. A 10 
ug test dose of the antagonist was administered intra- 
dermally 1 hour before full-dose administration as pre- 
viously described. None of the women had more than 
a mild (<2 mm) local skin reaction, and none was ex- 
cluded from study. 

Peptide formulation. The preparation of the Nal- 


Glu antagonist has been previously described in detail.” 
Briefly, the antagonist was synthesized by solid-phase 
techniques at the Salk Institute and dissolved at a con- 
centration of 10 mg/ml in sterilized bacteriostatic water 
containing benzyl alcohol (USP) and 5% mannitol. 

Hormone assays. Immunoactive luteinizing hor- 
mone (LH) and follicle-stimulating hormone (FSH) 
concentrations were quantitated by a double-antibody, 
dual-label radioimmunoassay (Cotropin, Clinetics, Tus- 
tin, Calif.) with a sensitivity of 1.5 IU/L for both im- 
munoactive LH and FSH." Bioactive LH was measured 
by the rat interstitial cell testosterone bioassay with a 
sensitivity of 0.4 IU/L, as previously described."*'® The 
effects of the GnRH antagonist on the rat interstitial 
cell testosterone assay were assessed by incubating Ley- 
dig cells in the absence of antagonist with standard 
human LH or human menopausal gonadotropin 
(hMG) and with 100 ng or 1 ug of the Nal-Glu antag- 
onist with hMG standard in a final assay volume of 350 
pl, under otherwise identical incubation conditions as 
the serum samples. Serum prolactin concentrations 
were measured with an immunoradiometric assay (Hy- 
britech, San Diego) with a sensitivity of 0.3 ng/ml and 
an intraassay coefficient of variation of 3.9% to 4.4% 
(range). 

Statistical analysis. Percent suppression was calcu- 
lated as the difference between the mean basal hor- 
mone concentration (6-hour baseline) and the mean of 
the three lowest consecutive hormone values achieved 
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after administration of the GnRH antagonist divided . 


by the mean basal hormone concentration (x 100%). 
The duration of hormone suppression was defined as 
the interval (time in minutes) during which at least 
three consecutive hormone concentrations remained 
significantly (>3 SEM) below the baseline mean. One- 
way analysis of variance was used to assess significant 
differences across doses tested. 


Results 


Immunoactive LH. Fig. 1 shows representative im- 
munoactive LH time series for the four doses of Nal- 
Glu antagonist tested. The smallest dose tested (10 
mg/kg) produced no appreciable suppression of im- 
munoactive LH concentrations. The three other doses 
produced a marked and rapid suppression of immu- 
` noactive LH concentrations. Fig. 2 displays the per- 
centage suppression and duration of suppression for 
all four doses tested (see Methods section). The per- 
centage suppression of immunoactive LH concentra- 
tions was significantly increased between 10 and 30 
mg/kg doses of antagonist but was not significantly im- 
proved progressively with the higher antagonist doses. 
However, the higher dose of the antagonist was the 
only dose to suppress throughout the entire testing 
period [i.e., the duration of suppression was extended 
as a function of dose, rather than the fractional extent 
(percentage)]. 

Bioactive LH. Fig. 3 shows two representative bioac- 
tive LH time series for the two doses of Nal-Glu an- 
tagonist tested and their respective bioactive/immu- 


noactive ratios. At a 30 pg/kg dose of antagonist, sig- - 


nificant suppression of bioactive LH concentrations 
occurred, but with a limited duration. In contrast, the 
300 wg/kg dose suppressed bioactive LH concentra- 
tions throughout the test period. Fig. 2 further shows 
that the percentage suppression of bioacive LH was 
slightly improved with the higher antagonist dose, but 
of more significance is the prolonged suppressive ef- 
fects of the high-dose antagonist compared with the 
lower dose. Moreover, the bioactive/immunoactive ra- 
tio was suppressed (40%) after high-dose GnRH an- 
tagonist administration. 

Possible direct effects of the Nal-Glu antagonist in 
the rat interstitial cell testosterone assay were tested 
(Fig. 4). Nal-Glu antagonist doses severalfold higher 
than the concentrations of antagonist in the serum had 
no significant influence on the standard curve and only 
at highest dose (1 g/assay tube) was associated with a 
minimally perceptible shift to.the right. As shown in 
Fig. 5, the maximal Nal-Glu antagonist dose given to 
any subject was 20 mg, which by computer simulation 
based on an actual 5 mg dose would produce levels only 
in the 300 ng/ml range. Potencies of hMG in terms of 
-human LH standard were derived in presence or ab- 
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Fig. 2. Percent and duration of hormone suppression (Meth- 
ods) after four doses of Nal-Glu GnRH antagonist adminis- 
tered to postmenopausal women. N = 2 for all doses except 
300 pg/kg (N = 3). 


sence of the antagonist. The lower dose affected min- 
imally the apparent potency of the standard prepara- 
tion (standard, 22 [U/mg [range, 21 to 25 [U/mg], 
whereas the maximal dose caused a slight overestima- 
tion of potency (1 ug Nal-Glu, 30 1U/mg [range, 27 to 
37 IU/mg}). 

Immunoactive FSH. The Nal-Glu antagonist pro- 
duced much less marked suppression of immunoactive 
FSH than immunoactive or bioactive LH concentra- 
tions. The maximal percentage suppression (40%) oc- 
curred at the 300 pg/kg antagonist dose (Fig. 2). Only 
the 300 pg/kg antagonist dose resulted in a significant 
increase in the duration of suppression. 

Prolactin. There was no significant suppression of 
serum prolactin concentrations demonstrable with any 
antagonist dose. 


. Comment 
We have studied the time-course and dose-response 


‘effects of a new potent GnRH antagonist (Nal-Glu) in 


estrogen-deficient postmenopausal women with im- 
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Fig. 3. Bioactive LH time series obtained before and after two doses of antagonist. Data are otherwise 


represented exactly as described in Fig. 1. 


munoactive LH, FSH, and prolactin and bioactive LH 
release as end points of effective blockade of endoge- 
nous GnRH. Our findings are consistent with those of 
a recent similar study. However, by testing additional 
doses (30 and 300 g/kg) of antagonist in a more de- 
tailed time course of bioactive LH, we report several 
novel and clinially relevant findings. 

We observed that the immediate suppression of 
bioactive LH release parallels that of immunoactive LH, 
but “escape” of bioactive LH secretion from the sup- 
pressive effects of antagonist occurs at the lower an- 
tagonist dose (30 pg/kg) while the immunoactive LH 
values are still suppressed. Similar “escape” has been 
described in gonadally intact men,’ in whom antagonist- 
induced withdrawal of testosterone negative feedback 
may be considered a contributing factor. However, 
since a similar degree of gonadal-steroid dependence 
on endogenous LH secretion is not expected in the 
postmenopausal setting,’ withdrawal of steroidal neg- 
ative feedback cannot be so readily invoked in this set- 
ting. Although our LH immunoassay measures uncom- 
bined a-subunit only sparingly (<15%), the rat inter- 
stitial cell testosterone bioassay is devoid of responsivity 
to free glycoprotein subunits.* '* '° Thus “escape” of 
LH bioactivity from suppression also cannot be ex- 
plained by a secondary rise in a-subunit secretion. At 
the high dose of GnRH antagonist (300 pg/kg) our 
findings are consistent with the previous study’: bioac- 
tive LH is suppressed to a greater degree than im- 
munoactive LH, thus lowering the bioactive/immu- 
noactive ratio. Although the exact biochemical basis for 
the reduced LH bioimmuno ratio is not known, this 
finding could indicate changes in the LH molecule, 


possibly altered glycosylation, the appearance of an an- 
tagonist molecule, or both, as has been proposed for 
FSH.” Practically, this disparity between immunoactive 
and bioactive LH release may be of clinical importance, 
and suggests the use of higher doses of GnRH antag- 
onist if more sustained suppression of LH bioactivity 
is desired. Moreover, inadequate dosing of the GnRH 
antagonist will result in suppression of immunoactive 
LH values while continued release of bioactive LH can 
still be producing unwanted clinical effects. 
` Second, inspection of the time series showéd appar- 
ent continued LH pulsations, although at markedly re- 
duced amplitude. Because these studies were con- 
ducted with 20-minute sampling intervals, detailed LH 
secretion and clearance dynamics cannot be accurately 
discerned from this low-amplitude signal.'* ° 

To further validate these findings of marked 
suppression of LH bioactivity in vivo, we investigated 
possible direct effects of the Nal-Glu antagonist in the 
rat interstitial cell testosterone assay. Because maximal 
concentrations of the Nal-Glu GnRH antagonist in 
plasma are initially approximately 300 ng/ml after a 
300 pg/kg dose (Fig. 5) and decline therafter, it can 
be inferred that circulating levels of the antagonist do 
not interfere with rat interstitial cell testosterone assay 
measurements. Thus direct effects of the antagonist 
in vitro on the rat interstitial cell testosterone bioassay 
cannot account for in vivo suppression of LH bio- 
activity. 

There was relatively minimal (~40%) suppression of 
immunoactive FSH concentrations at the 300 pg/kg 
dose. This observation is consistent with previous re- 
ports in men.”'* * However, the apparently lesser de- 
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gree of suppression of FSH release may not fully reflect 
the action of bioactive FSH secretion, since Nal-Glu 
antagonist administration has produced a significant 
suppression of bioactive FSH release while only mini- 
mally suppressing immunoactive FSH levels.'*:*° More- 
over, GnRH antagonist administration has been pos- 
tulated to stimulate the secretion of FSH antagonists 
(FHS isoforms devoid of bioactivity), which could be 
measured by FSH immunoassay but not bioassay.” 
The inability of the Nal-Glu GnRH antagonist to sup- 


press prolactin secretion is distinct from but consistent 
with a previous study that showed no suppression of 
serum prolactin concentrations in postmenopausal 
women receiving a GnRH agonist, goserelin.'? Such ob- 
servations imply that the presumptive temporal cou- 
pling between LH and prolactin secretion that has been 
reported in some circumstances?!” is not substantially 
GnRH-dependent, at least in the estrogen-deficient 
postmenopausal setting. 

In summary, we have tested the dose-response and 
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time-course of action of a potent GnRH antagonist, 
Nal-Glu, in estrogen-deficient postmenopausal women 
and found that the antagonist (1) achieves suppression 
(260%) of serum immunoactive and bioactive LH con- 
centrations, (2) produces prolonged suppression of im- 
munoactive and bioactive LH values, (3) causes only 
minimal suppression of immunoactive FSH levels; and 
(4) does not suppress prolactin secretion. We conclude 
that the rapid onset of action and sustained efficacy of 
this GnRH antagonist in suppressing LH (particularly 
bioactive LH) release make such compounds candidates 
for possible clinical interventions that require prompt 
and prolonged suppression of the reproductive axis. 
However, we caution that use of inadequate doses of 
this GnRH antagonist will suppress immunoactive LH 
values while bioactive LH values may still be maintained 
enough to produce unwanted or unexpected biologic 
effects. 


We thank Paula P. Azimi for the artwork; Sandra 
Jackson and the nursing staff at the University of Vir- 
ginia Clinical Research Center, and Gail Wakefield and 
the nursing staff at the Vanderbilt University Clinical 
Research Center for conduct of the reseach protocols; 
and Ginger Bauler and Catherine Kern of the Clinical 
Research Center core laboratory at the University of 
Virginia for performance of the immunoassays. 
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Measured menstrual blood loss in women with a bleeding 
disorder or using oral anticoagulant therapy | 
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Utrecht, The Netherlands 


Bleeding disorders in women are associated with a high incidence of menorrhagia, but few objective data 
exist. Whether oral anticoagulant therapy in women is also associated with a higher incidence of 
menorrhagia is unknown. We measured menstrual blood loss in six women with various congenital or 
acquired bleeding disorders and in 11 women treated with oral anticoagulant therapy. Mean menstrual 
blood loss in women with a bleeding disorder was 219 ml (range, 60 to 568 ml); five women had 
menorrhagia. In women treated with oral anticoagulant therapy, mean menstrual blood loss was 98 mi 
(range, 9 to 239 ml), and five women had menorrhagia. Of the six women with normal menstrual blood 
losses, two had losses in the high normal range (60 to 80 mil). No correlation existed between 
anticoagulant state and menstrual blood loss. The data support the close association between bleeding 
disorders and menorrhagia and suggest that oral anticoagulants increase menstrual blood loss, (Am J 


OssTeT GYNECOL 1990;162:1261-3.) 


Key words: Menorrhagia, bleeding disorder, oral anticoagulant therapy 


Menorrhagia is generally believed to be a major 
symptom in women with a bleeding disorder.’? Women 
treated with oral anticoagulant therapy also more often 
complain of menorrhagia. Menorrhagia is defined as a 
measured menstrual blood loss of more than 80 ml 
from a normal secretory endometrium after a normal 
ovulation, because the incidence of anemia increases 
significantly above this level.” Some investigators con- 
sider 60 ml as the upper normal limit of menstrual 
blood loss because this already causes iron deficiency, 
as reflected in low serum ferritin levels.* The definition 
of menorrhagia requires a direct assay of menstrual 
blood loss because subjective menstrual blood loss as- 
sessments are unreliable.** In populations of healthy 
women in Western Europe, mean menstrual blood 

- loss varies from 34 to 44 ml and menorrhagia occurs 
in 9% to 14%.*° Dramatic case reports exist of severe 
menorrhagia in women with a bleeding disorder,’ * 
but only of 10 women has measured menstrual blood 
loss been documented.” ® Nine of these 10 women 
had a menstrual blood loss of more than 80 ml, up to 
1000 ml. No data are available on menstrual blood 
loss in women treated with oral anticoagulant therapy. 
This study was designed to contribute data on mea- 
sured menstrual blood loss in both categories of 
women. 
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Material and methods 


Women with a bleeding disorder attending the De- 
partment of Gynaecology and Obstetrics or the De- 
partment of Haematology at the University Hospital, 
Utrecht, and women treated with oral anticoagulation 
therapy with coumarin derivates attending the Throm- 
bosis Center of the City of Utrecht, were asked to enter 
the trial. Inclusion criteria were as follows: younger 
than 45 years of age, regular menstrual cycle, normal 
uterus as assessed by bimanual palpation, no hormonal 
medication, no intrauterine contraceptive device, and 
except for women taking oral anticoagulant therapy, 
no medication that could interfere with hemostatis. 
Menstrual blood loss was measured once with the al- 
kaline hematin method, as described previously.’ Re- 
cent hematologic laboratory findings of women with a 
bleeding disorder were collected. In women treated 
with oral anticoagulant therapy, a Thrombotest (mod- 
ified prothrombin time test with bovine thromboplas- 
tin) was determined to evaluate the anticoagulant state 
around the time of menstruation. Thrombosis Centers 
in The Netherlands use the Thrombotest to control oral 
anticoagulant therapy.” To determine a relation be- 
tween menstrual blood loss and Thrombotest, the 
Spearman rank correlation coefficient was calculated. 


Results 


Hematologic characteristics and menstrual blood loss 
data of six women with bleeding disorders are illus- 
trated in Table I. Various types of bleeding disorders 
were included, such as congenital factor II deficiency, 
Glanzmann’s thrombasthenia, acquired thrombocyto- 
pathia and thrombocytopenia, idiopatic thrombocyto- 
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Table I. Hematologic characteristics and 
menstrual blood loss data of six women with a 
bleeding disorder 












Menstrual 
blood loss 


Bleeding disorder and recent laboratory data (ml) 





Congenital factor II deficiency 568 
(hemoglobin 5.1 mmol/L; factor I 9%; 
Simplate bleeding time >30 min)* 
Glanzmann’s thrombasthenia 140 
(hemoglobin 8.7 mmol/L; Simplate bleed- 
ing time >30 min) 
Acquired thrombocytopenia and thrombocy- 320 
topathia 
(hemoglobin 5.1 mmol/L; ferritin 
2 pg/L; Simplate bleeding time >30 
min; thrombocytes 99.10°/L) 
Idiopathic thrombocytopenia 142 
(hemoglobin 8.0 mmol/L; thrombocytes 
72.10°/L; Simplate bleeding time 9 min 
30 sec) 
Idiopathic thrombocytopenia 86 
(hemoglobin 7.5 mmol/L; thrombocytes 
80.10°/L; Simplate bleeding time 
normal) 
Von Willebrand’s disease (type Ila) 60 
(von Willebrand factor antigen 40% to 
60%; hemoglobin 9.3 mmol/L; Simplate 
bleeding time >30 min) 
Mean 219 
SD 193 


*Normal values: hemoglobin >8 mmol/L; thrombocytes 
>150.10°/L; Simplate bleeding time <8 minutes; ferritin >14 
ug/L; factor I1 65% to 130 %. 


penia, and von Willebrand’s disease. In five women 
menstrual blood loss exceeded the upper normal limit 
of 80 ml (range, 86 to 568 ml). The patient with von 
Willebrand’s disease had a menstrual blood loss of 60 
ml, which is in the high normal range. After menstrual 
blood loss assessment, the woman with congenital factor 
II deficiency was treated with antifibrinolytics, well- 


known inhibitors of menstrual blood loss. The woman . 


with Glanzmann’s thrombasthenia used iron medica- 
tion and occasionally antifibrinolytics. A progesterone- 
containing intrauterine contraceptive device was in- 
serted into the uterus of the woman with an acquired 
bleeding disorder. These devices are known to diminish 
menstrual blood loss, in contrast to inert or copper- 
containing intrauterine contraceptive devices. The 
three other women were not treated. 

Table II shows indications for therapy, hematologic 
characteristics, and menstrual blood loss data of 11 
women receiving oral anticoagulant therapy. Various 
indications for oral anticoagulant therapy existed: after 
cardiac or vessel surgery, after myocardial infarction, 
after puerperal deep venous thrombosis, or after os- 
teotomy. Mean menstrual blood loss was 98 ml. Five 
women (45%) had menstrual blood losses of more than 
80 ml (range 83 to 239 ml). Six women had menstrual 
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Table II. Indication for therapy, hematologic 
characteristics, and menstrual blood loss data 
of 11 women using oral anticoagulant therapy 











Indication for oral 
anticoagulant therapy 


1 Artificial heart valve 131 29 
2 Artificial heart valve 141 209 
3 Artificial heart valve 62t 22 
4 Artificial heart valve 139 71 
5 Aortic prosthesis 131 154 
6 After myocardial infarction 141 239 
7 After myocardial infarction 135 9 
8 After myocardial infarction 194 75 
9 After puerperal deep ve- 934 51 
nous thrombosis 
10 After puerperal deep ve- 122 83 
nous thrombosis 
il After osteotomy 118 138 
Mean 128 98 
SD 33 77 





*Therapeutic ranges of Thrombotest: 120 to 200 seconds 
for patients with an artificial heart valve and an aortic pros- 
thesis operation; 105 to 180 seconds for patients after deep 
venous thrombosis and after myocardial infarction, and 90 to 
140 seconds for patients after osteotomy. 


tThrombotest times were too short. 
Patient taking iron medication. 


blood losses in the normal range, of which two were 
high normal (60 to 80 ml). Only one woman used iron 
medication (see Table I1). Two Thrombotests were too 
short in duration (see Table II), all others were in the 
therapeutic range. The women whose Thrombotest 
times were too short had normal menstrual blood 
losses. No statistically significant correlation existed be- 
tween menstrual blood loss and Thrombotest values. 


Comment 


The aim of this study was to collect objective data on 
menstrual blood loss of women with a bleeding disorder 
and of women receiving oral anticoagulant therapy. 

In the 10 women with a bleeding disorder whose 
menstrual blood loss has been documented, six more 
women are added in this study. The results are sum- 
marized in Table I. Five women had menorrhagia 
(blood loss up to 568 ml), and one woman had a high 
normal menstrual blood loss. We realize that this is a 
very select study group. Many women with bleeding 
disorders already had a hysterectomy or used antifi- 
brinolytics or oral contraceptives to diminish their men- 
strual blood loss, and hence were not suitable for this 
study. Nevertheless, the data of this study, together with 
the above-mentioned studies,” * substantiate that men- 
orrhagia occurs in the majority of women with bleeding 
disorders, even in amounts of menstrual blood loss that 
are a threat to general health. This necessitates regular 
control of hemoglobin and ferritin levels, or both. Ef- 
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fective treatments for menorrhagia in patients with 
- bleeding disorders are combination oral contraceptives, 
oral or intramuscular progestogens, or progesterone- 
containing intrauterine contraceptive devices.'? If con- 
traception is not desired, prostaglandin synthesis in- 
hibitors and antifibrinolytics are the drugs of choice." 
In this study the first data on menstrual blood loss 
of 11 women receiving oral anticoagulant therapy are 
presented (see Table II). Mean menstrual blood loss 
(98 ml) and incidence of menorrhagia (five of 11 
women) were higher than described in populations of 
healthy women in Western Europe (34 to 44 ml and 
9% to 14%, respectively).* ® Although the study group 
is limited, these data suggest that oral anticoagulants 
may increase menstrual blood loss. Definite clarification 
of the relation between oral anticoagulants and men- 
strual blood loss should come from studies comparing 
menstrual blood loss in women first with, and later 
without, oral anticoagulant therapy. This could be re- 
alized in women after puerperal deep venous throm- 
bosis or after on osteotomy. Both conditions require 
only a temporary treatment with oral anticoagulants. 
These studies also could answer the question whether 
or not preventive iron medication should be advised. 
This is of importance since common treatments for 
menorrhagia, such as combination oral contraceptives 
or antifibrinolytics, are relatively contraindicated in 
women receiving oral anticoagulant therapy. Until such 
studies are done, regular control of hemoglobin or fer- 
ritin levels should be considered in menstruating 
women receiving oral anticoagulant therapy. Since 
combination oral contraceptives are relatively contrain- 
dicated and inert or copper-containing intrauterine 
contraceptive devices increase menstrual blood loss, 
continuous administration of progestogens is the con- 
traceptive of choice in women receiving oral antico- 
agulant therapy. The different administration forms of 
progestogens are described above. 


We thank H. Chin, H. K. Nieuwenhuis, and P. C. 
Scholten for their help in recruiting women for the 
study. 
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Hysteroscopy and laparoscopy in women with menorrhagia 


Ian S. Fraser, MD 
Sydney, Australia 


Menstrual blood loss was measured in 139 of 182 women who had hysteroscopy after a complaint of 
menorrhagia, and a preliminary diagnosis of dysfunctional uterine bleeding. Laparoscopy was also 
performed in 117 of these women; only 51% did not have evidence of organic pelvic disease. In those with 
menstrual blood loss of less than 60 ml, 75% had no abnormality, compared with only 44% and 36%, 
respectively, in the moderately héavy and excessively heavy groups. All those with polypoidal or 
submucous leiomyomas exhibited moderately heavy or excessively heavy bleeding, and so did many of 
those with superficial intramural or subserous myomas. The highest rate of detection of endometriosis was 
in women with moderately heavy blood loss, rather than excessive or normal (54% compared with 29% 
and 23%, respectively), and such women were more likely to have mild stage disease than severe. Other 
pelvic abnormalities such as adenomyosis, endometrial polyps, pelvic inflammatory disease, and some 
rarities were also characterized. It is contended that the era of routine, blind diagnostic curettage is now 
passed, and should be replaced by outpatient or office hysteroscopy accompanied by directed biopsy or 


curettage. (AM J OBSTET GYNECOL 1992,162:1264-9.) 
Key words: Laparoscopy, hysteroscopy, menorrhagia 


Menorrhagia is a common gynecologic complaint, 
but assessment, diagnosis, and management may some- 
times be difficult. Many women have difficulty deter- 
mining whether their “heavy” periods are abnormal’? 
or if they have really experienced a change in blood 
loss from one cycle to the next or even from one day 
to the next.’ Nevertheless, groups of women with sim- 
ilar blood loss are broadly correct in their assessments. 
When menstrual blood loss is measured objectively in 
research studies, the upper limit of normal appears to 
lie between 60 and 80 ml per period, based on changes 
in hematologic parameters.' 

In those women with objectively verifiable menor- 
rhagia, determination of cause may be difficult, partic- 
ularly in confirming whether mild to moderate degrees 
of certain pelvic conditions, such as leiomyomas, ade- 
nomyosis, or endometriosis, may be present. Obvious 
pathologic conditions may be diagnosed with some de- 


gree of confidence on the basis of history and clinical ` 


examination, but frequently specific means of pelvic 
imaging (in particular, hysterscopy) may be valuable. 
Blind curettage is associated with such a large error in 
diagnosis that it should no longer be used on its own 
as a routine diagnostic technique.* > Imaging tech- 
niques, such as laparoscopy, ultrasonography, hystero- 
salpinography, computed tomographic scanning, and, 
in a few centers, magnetic resonance imaging, may have 
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some place in aiding diagnosis in certain cases. In a 
small proportion of cases clinical suspicion may suggest 
the need for laboratory investigations to define possible 
medical causes, such as coagulation disorders, lupus 
erythematosus, or hypothyroidism." 

This article reports the use of hysteroscopy and la- 
paroscopy in a personal series of patients who were 
initially seen with a convincing clinical history of men- 
orrhagia but no definite underlying cause based on 
history or pelvic exmaination. These women were 
therefore given a working diagnosis of “dysfunctional 
uterine bleeding.”® 


Materia! and methods 


A total of 316 women with complaints of menor- 
rhagia were seen over a period of 12 years. They were 
referred and recruited from a number of sources in- 
cluding general practitioners, other specialists, hospital 
clinics, through participating in clinical trials, and by 
word of mouth from other patients. There was a high 
tertiary referral rate of patients who had already seen 
a specialist at some stage, and almost all had undergone 
diagnostic curettage at some time in the recent past. 
Many women had been advised to have a hysterectomy 
and wished to avoid this if possible; hence this group 
has some bias compared with patients who would nor- 
mally be seen by most gynecologists in routine practice. 

A detailed menstrual history and a general medical 
and social history were taken from all women. General 
physical and pelvic examinations were done. All women 
had a complete blood count if this had not recently 
been performed elsewhere. Other investigations were 
only done if indicated. These included a multiple serum 
biochemical analysis, partial coagulation screen, serum 
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thyroid-stimulating hormone and thyroid function 
tests, and tests for systemic lupus erythematosus (in- 
cluding antinuclear antibody, lupus inhibitor, and de- 
oxyribonucleic acid binding). Diagnostic hysteroscopy 
and curettage were done with the patient under general 
anesthesia in hospital on a day-stay basis. Laparoscopy 
also was performed in many cases. Laparoscopy was 
not performed as a routine investigation for menor- 
rhagia but only when other symptoms or signs indi- 
cated. 

Instrumentation. Hysteroscopy was done with a stan- 
dard rigid Storz hysteroscope (Karl Storz Instruments, 
Tuttlingen, West Germany; 7 mm diameter, with two 
side channels and an operating channel for fine scissors 
or a biopsy probe) or a Hamou microcolpohysteroscope 
(Karl Storz; 4 mm diameter, with one side channel but 
no operating channel, with a magnification capacity up 
to x 60). With the Storz scope the cervix was dilated to 
8 mm and the cavity was distended through a side chan- 
nel with a handheld 20 ml syringe containing 32% dex- 
tran (Hyskon; Pharmacia South Seas). With the Hamou 
scope cervical dilatation usually was not necessary and 
dextran was again used for distension. On occasion the 
Hamou scope was used in contact mode and sometimes 
with magnification. The cavity was inspected system- 
atically at both moderate and low distention pressures 
with attention to cavity size and shape, appearance of 
tubal ostia, endometrial surface appearance, and en- 
docervical appearance. Hysteroscopy was almost always 
followed by curettage or directed biopsy. 

Laparoscopy was performed through a subumbilical 
incision by means of a Storz 8 mm direct vision tele 
scope (Karl Storz), with insufflation of carbon dioxide 
through the single side channel on the sheath, con- 
trolled by a standard Storz laparoscopy insufflator with 


automatic pressure control facility. A double-puncture ° 


` technique was always used with a probe inserted 
through a low midline incision; on some occasions a 
third puncture was made for insertion of additional 
surgical or manipulative instruments. The peritoneal 
cavity was inspected systematically with special attention 
to all accessible surfaces of the pelvic organs, including 
close-up assessment of suspicious areas of peritoneum 
for early endometriosis. Biopsy specimens were -ob- 
tained when indicated. Peritoneal fluid was aspirated 
‘when inspection of the pouch of Douglas was obscured. 
Hydrotubation with methylene blue was performed in 
cases with coincidental infertility, or if indicated by ab- 
normal tubal appearance. In most cases, a general in- 
spection of the abdominal cavity, including the appen- 
dix, paracolic gutters, and liver, was also performed. 
Menstrual blood loss measurements were done in at 
least one cycle in 139 women with a semiautomated 
modification of the alkaline hematin method of Hall- 
berg and Nilsson’ as described previously. ° This 
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method involves careful instruction in the collection of 
all sanitary pads in thick, opaque polythene bags. The 
bags were returned to the laboratory within a few days 
of the end of the menstrual period, and assays were 
done with 5% sodium hydroxide extraction in a semi- 
automated extractor. This was converted to milliliters 
of whole blood after measurement of the hemoglobin 
concentration of a cubital vein blood sample collected 
a few days previously. 

Clinical material. Of a total of 316 patients who had 
complaints of menorrhagia, 182 had hysteroscopy; 117 
also had laparoscopy. A history of infertility was also 
present in 67 cases. Ages of the patients ranged from 
13 to 52 years (mean + SD, 34.2 + 6.6 years). Seventy- 
one of the women who had hysteroscopy were nulli- 
parous. The findings in some of these women have been 
reported in part previously.” °"! 

Statistical methods. The data were analyzed with 
two-way frequency tables of counts. Measured blood 
loss, subdivided into three levels, was a classification 
factor in each table. In the various analyses the second 
factor was a particular classification of abnormality. The 
fitting of log-linear models’? method of analysis was 
used, and the analyses were performed with the GLIM 
computer package (Generalized Linear Interactive Mo- 
delling System, Numerical Algorithms Groups Ltd, Ox- 
ford). When two factors were independent the ob- 
served counts would be adequately represented by a 
model containing parameters for just the two main ef- 
fects with no interaction effect. The simplest possible 
model was fitted, and the adequacy of the model was 
assessed in terms of the scaled deviance of observed 
from fitted counts. 


Results 
The endoscopic findings in 182 women are sum- 


` marized in Table I. It was possible to obtain menstrual 


blood loss measurements in at least one untreated cycle 
in 139 of the 182 women who had hysterscopy. These 
cases have been divided into three separate categories 
according to measured loss: <60 ml (normal); 60 to 
120 ml (moderately heavy); and >120 ml (excessively 
heavy). They have been further categorized according 
to the numbers of women who had hysteroscopy and 
laparoscopy, and according to the endoscopic findings 
in each group. 

No abnormality found. A total of 92 women had no 
abnormal findings (51%). The highest proportion of 
normal women (75%) was found in the group with 
measured blood loss of <60 ml. In the moderately 
heavy and excessively heavy groups, the proportion of 
normal women was significantly lower (44% and 36%, 
respectively). When the main effect model (with no 
interaction term) was fitted to the counts, the scaled 
deviance was unacceptably high (14.7, 2 df, p < 0.01). 





May 1990 
Am J Obstet Gynecol 


1266 Fraser 


: 


Table I. Pelvic findings and menstrual blood loss measurements in 182 women with complaints of menorrhagia l 
provisionally diagnosed as dysfunctional uterine bleeding* 























No Endometriosis 
abnormality 


found | 


Letomyomas 













No. with 
laparoscopy 


No. with 
hysteroscopy 


Menstrual 
blood loss (ml) 





<60 47 26 35 (75%) 3 0 0 3 2 1 
60-120 59 35 26 (44%) 10 2 0 12 4 8 
>120 33 24 12 (36%) 2 5 5 5 1 1 

Not measured _43 _ 32 21 (49%) _& 3 1 28 3 2 
Total 182 117 94 (51%) 21 10 6 28 10 7 








SS/IM, Subserous or superficial intramural; SM, submucous; P, polypoidal; L + E, coincidental leiomyomas and endometriosis. 
*All women had hysteroscopy and 117 also had laparoscopy. 


tWomen with minor polypoidal endometrium have not been counted as having significant pathologic conditions. 


Inclusion of a term for the interaction of abnormality 
with measured loss less than or greater than 60 ml 
resulted in an acceptable model (effecting a reduction 
in scaled deviance of 14.2, 1 df, p < 0.001). Therefore 
this significant association of abnormality with increas- 
ing menstrual blood loss can be explained almost en- 
tirely by the increased proportion of abnormalities 
above 60 ml blood loss; there was no further significant 
increase in the group with blood loss =120 ml. There 
may have been some bias in selection of women for 
laparoscopy, although this was not done on the basis of 
predicted menstrual blood loss. A slightly higher pro- 


portion of women in the excessive loss group (72%) - 


had laparoscopies than in the moderately heavy (59%) 
and normal (55%) groups. This was not statistically sig- 
nificant but may have made a small contribution to the 
likelihood of finding an abnormality in the group with 
the highest blood loss. 

Leiomyomas. Thirty-seven women were found to 
have leiomyomas. The types of myomas have been cat- 
egorized in Table I, and no patient appears in more 
than one column (polyps and then submucous myomas 
took precedence in the classification; no patient in the 
subserous-intramural column had a submucous myoma 
or intrauterine myomatous polyp). It is noteworthy that 
only three of 47 women with normal blood loss had 
any myomas (all subserous or superficial intramural), 
compared with 12 of 59 women with moderately heavy 
loss who had subserous, intramural, or submucous my- 
omas and 12 of 33 with excessive blood loss who had 
myomas that were mainly submucous or polypoidal. 
For the main effect model the deviance was unaccept- 
ably high (11.69, 2 df, p < 0.01). Inclusion of an inter- 
action term of leiomyomas with measured loss < or 
>60 ml achieved a satisfactory fit (effecting a reduction 
in scaled deviance of 8.94, | df, p < 0.01). Clinically this 
indicates that all types of leiomyomas were likely to be 
associated with an increase in measured blood loss 
above 60 ml. 

There were also trends in the type of leiomyoma 


likely to be associated with different levels of blood loss. 
Six women had pedunculated intrauterine fibroid pol- 
yps arising from, or close to, the uterine fundus. All 
five of these women who had blood loss measured had 
losses in the excessive range (two were above 400 ml). 
An additional 10 women had submucous myomas, and 
those seven with measured loss were in the moderately 
heavy or excessive range. Twenty-one women had sub- 
serous or superficial intramural myomas alone, and 
many of these lesions were relatively small (<1 cm). 
Twelve of 15 of these women also had moderately 
heavy or excessive blood losses. As expected from the 
first analysis, there was excessive deviance from the 
main effect model (29.6; 6 df, p < 0.001). In this case 
the interaction term that achieved a satisfactory model 
was of leiomyoma classification with measured loss > 
or <120 ml (reduction in deviance 24.1; 3 df; 
p< 0.001). Thus, although findings of leiomyomas 
were more common among women with measured loss 
>60 ml, the finding of submucous or polypoidal my- 
omas was more common in women with measured 
losses exceeding 120 ml. 

Endometriosis. A total of 45 women were found to 
have endometriosis, of whom 28 had mild disease 
(American Fertility Society revised classification”; stage 
1 disease; score < 15). Many of these 28 women had 
early endometriosis of the type described by Jansen and 
Russell,“ usually confirmed by peritoneal biopsy. Six of 
26 women (23%) in the normal blood loss group who 
had laparoscopy had confirmed endometriosis, com- 
pared with a significantly higher proportion of 54% in 
the moderately heavy group and 29% in the excessive 
group. For the main effect model the lack of fit was 
not extreme (7.26; 2 df; p < 0.05). However, it was al- 
most all attributable to the interaction of endometriosis 
with measured loss in the 60 to 120 ml range (reduction 
in scaled deviance 7.02; 1 df; p < 0.01). This suggests 
that endometriosis may sometimes be responsible for 
an increase in menstrual blood loss into the moderately 
heavy, but not excessive, range. 
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There were too few patients who had laparoscopy 
for a satisfactory analysis of the severity of endometri- 
osis according to measured blood loss group. However, 
examination of Table I gives no indication that in- 
creased blood loss is associated with “severe” endo- 
metriosis, On the contrary, in the heavier blood loss 
groups higher proportions of endometriosis cases are 
classified as “mild” than in the normal blood loss group; 
conversely, the proportions classified as having “mod- 
erate” or “severe” endometriosis are lower in the heav- 
ier blood loss groups. 

Fourteen women were found to have coincidental 
endometriosis and leiomyomas (10 subserous and su- 
perficial intramural), with no clear differences between 
the blood loss groups for the eight in whom blood loss 
was measured. Thus there may be some confounding 
between the blood loss effects of endometriosis and 
subserous-intramural leiomyomas, each of which was 
found to be associated with increased likelihood of 
losses in the 60 to 120 ml range. As far as can be as- 
certained, after adjustment for the expected number 
of leiomyomas, the rate of endometriosis in the mod- 
erately heavy blood loss group remains about double 
that in the other two blood loss groups. 

Adenomyosis. Five women had adenomyosis proved 
by biopsy, with two in the moderately heavy blood loss. 
group and one in the normal group. 

Endometrial polyps. Twenty-four of 182 women 
were seen to have minor endometrial polyps that were 
not confirmed by the pathologist who examined the 
curettings. Only four of these patients did not have 
additional findings described above. Five women had 
moderate-size endometrial polyps confirmed on patho- 
logic study; two of these had blood loss in the mod- 
erately heavy group. 

Other pathologic findings. Ten women had evidence 
of previous infective tubal disease but only four had 
no additional pathologic findings. Of these four, one 
case was in each blood loss category (including the “not 
measured” group). Of those with coincidental disease, 
two had endometriosis, two had leiomyomas, one had 
adenomyosis, and one had an endometrial polyp. 

Other conditions included anovulation with endo- 


metrial cystic glandular hyperplasia (three cases; one 
moderately heavy and one with excessive loss); five 
cases of bicornuate or, septate uterus (one with mod- 


` erately heavy and one with normal loss; three patients 


had myomas or endometriosis); one each of excessive 
loss with previous cervical artery damage’ and myo- 
metrial hypertrophy." 

No cases of endometrial carcinoma were found. Cy- 
cle regularity and timing of curettage suggested ovu- 
lation in the majority of patients, but persistent prolif- 
erative endometrium was found in 29 cases and 
hyperplasia in three. Persistent proliferative endome- 
trium was recorded in 22 of the women with otherwise 
normal finding (four normal loss; eight moderately 
heavy loss; three excessively heavy loss; seven not mea- 
sured). 


Comment 


This study confirms a remarkably high incidence of 
pelvic pathologic conditions in women with a clinical 
working diagnosis of dysfunctional uterine bleeding. 
Beazley has previously reported a group of 287 
women who underwent hysterectomy for dysfunctional 
uterine bleeding, and on pathologic examination 40% 
were found to have a significant organic lesion thought 
to be sufficient to account for their abnormal bleeding. 
The patients investigated in this study probably rep- 
resent a biased group of referrals, but they nevertheless 
demonstrate that a high number of pelvic pathologic 
conditions may be present in women who do not have 
definite findings in initial history, clinical examination, 
and initial investigations. The group bias is primarily 
explained by the fact that most of the older patients 
and those with obvious clinical findings would have 
undergone hysterectomy elsewhere. A high proportion 
of women in this study did not want a hysterectomy. It 
seems improbable that this would have made them 
more or less likely to have subclinical abnormalities. 
Simple correlations with pathologic finding were com- 
plicated by the fact that many, but not all, women had 
laparoscopy. Those women who did not have laparos- 
copy may also have had otherwise undetectable patho- 
logic conditions, but this possibility has been considered 
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in the conclusions. There is not yet sufficient experi- 
ence to recommend liberal use of diagnostic laparos- 
copy in women with a provisional diagnosis of dys- 
functional uterine bleeding, but it should be considered 
in women who do not respond to initial medical therapy 
or have additional indications in their history. 

It is part of the basic dogma of gynecology that leio- 
myomas are a very common cause of excessive men- 
strual loss, with submucous and intraluminal polypoidal 
lesions associated with the highest loss; however, there 
is little objective information.® © In this series all the 
polypoidal myomas were associated with blood losses 
>120 ml. Surgical removal of these polyps can be fol- 
lowed by an 80% reduction in menstrual blood loss.° 
Submucous myomas were all associated with blood loss 
>60 ml, and most were >120 ml. There was an indi- 
cation that superficial intramural and subserous my- 
omas might sometimes cause an increase in blood loss 
into the moderately heavy range. These superficial my- 
omas may be underrepresented in this study because 
36% of the women did not have laparoscopy. 

Endometriosis is a controversial cause of menor- 
rhagia,° and many gynecologists do not believe that it 
is a cause of excessive bleeding. Endometriosis is also 
a very variable condition, and there is no doubt that 
some cases are accompanied by entirely normal bleed- 
ing. Conversely, there is clinical evidence to suggest that 
some women with endometriosis may have menor- 
rhagia that improves with treatment of the endome- 
triosis."’ It is also possible that some of the “earlier,” or 
visually less obvious, lesions are the most active in pro- 
ducing symptoms.'* This study found a fairly high in- 
cidence of endometriosis in women with dysfunctional 
uterine bleeding and a suggestion that “early-mild” le- 
sions may be more likely to be associated with a mod- 
erate increase in blood loss. If this association is causal, 
it is not clear which mechanism is responsible for the 
increase in blood loss, although an alteration in ara- 
chidonic acid metabolism would seem possible. Ade- 
nomyosis sometimes causes menorrhagia, and although 
this is pathologically a different condition from endo- 
metriosis, it may also cause disturbances of bleeding 
through a prostaglandin-related mechanism. Minor de- 
grees of adenomyosis are often found on careful ex- 
amination of hysterectomy specimens, but it is not clear 
whether these minor degrees are symptomatically im- 
portant. 

Endometrial polyps are somewhat, mysterious lesions 
with causes and natural history that are little under- 
stood. They frequently cause intermenstrual bleeding, 


but the frequency with which they cause menorrhagia . 


is not known. In this series two patients with moderate- 
size polyps also had menorrhagia, whereas one did not. 
‘Twenty-four cases were seen to have minor degrees of 
polypoidal endometrium on hysteroscopy, but these 
were not recognized in histologic examination. It is 
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thought unlikely that these contributed to the menor- 
rhagia. 

Other conditions, such as anovulation with persistent 
proliferative or hyperplastic endometrium (sometimes 
caused by polycystic ovarian disease), may cause men- 
orrhagia,’* ° but objective- measurements are limited. 
These conditions are more likely to be found toward 
the beginning or end of the reproductive years, and 
were probably underrepresented in this series. Pelvic 
inflammatory disease is thought to be able to cause 
menorrhagia, but there is little objective evidence to 
confirm this. This study does not include large enough 
numbers to draw any conclusions. The clinical associ- 
ation that is sometimes recorded between bicornuate 
uterus and menorrhagia (including this study) may be 
coincidental rather than causal. ` 

It now appears that the end of the era of routine 
blind diagnostic curettage is in sight, and that it should 
be replaced by the greater precision of hysteroscopy 
with directed biopsy or curettage.** The advent of new, 
narrow-gauge and flexible hysteroscopes should allow 
more widespread use of outpatient and office hyster- 
oscopy as a basic investigation in gynecology. 


I thank Mrs. Pamela Warner, Medical Research 
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Robert Markham for clinical and laboratory assis- 
tance. 
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A new method for gaining entry into the scarred anterior 
cul-de-sac during transvaginal hysterectomy 


Mitchel S. Hoffman, MD, and Michael Jaeger, MD 
Tampa, Florida 


This report describes vaginal hysterectomy in nine patients who had a history of multiple prior cesarean 
sections. In seven of the nine patients, safe entry into the anterior cul-de-sac was facilitated by the use of 


a bent uterine sound. (Am J Opstet Gynecot 1990;162:1269-70.) 


Key words: Vaginal hysterectomy, prior cesarean section 


The safety of vaginal hysterectomy after multiple 
prior cesarean sections has not been well addressed in 
the literature.!? The chief concern in such patients has 
centered around the potential for bladder injury and 
difficulty in gaining entry into the scarred anterior 
cul-de-sac.' This study reports our experience with a 
new procedure designed to facilitate safe entry into the 
scarred anterior cul-de-sac. 


Material and methods 


From July 15, 1988, to April 14, 1989, 14 patients 
with a history of multiple prior cesarean sections un- 
derwent hysterectomy. Nine of the 14 patients were 
otherwise deemed appropriate for a vaginal approach 
and underwent successful vaginal hysterectomy. Five 
of these nine patients had undergone three and four 
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had undergone two prior cesarean sections. Two of the 
nine patients had undergone one prior classic cesarean 
section. The mean age of the nine patients was 34 years 
(range, 23 to 50 years). The mean parity was 3 (range, 
2 to 4). One of the patients had undergone one and 
two patients had undergone two prior vaginal deliv- 
eries. Indications for hysterectomy were grade 3 cer- 
vical intraepithelial neoplasia in four patients, stress 
urinary incontinence with pelvic relaxation in one pa- 
tient, persistent menorrhagia in two patients, and 
leiomyomas in two patients. 

All nine vaginal hysterectomies were performed in a 
standard manner. If visualization of the vesicouterine 
peritoneum was not clear, an attempt was made to place 
the index finger around the uterine fundus and into 
the anterior cul-de-sac as described elsewhere. When 
this maneuver was unsuccessful, a bent uterine sound 
was placed through the posterior cul-de-sac and 
brought around the uterine fundus into the anterior 
cul-de-sac. Sharp dissection was then carried beneath 
the tip of the sound until the tip could be seen through 
the tissue fold, and then the clear area was incised. A 
finger was then placed through the opening to confirm 
peritoneal entry. The anterior culdotomy was then wid- 
ened sharply, and the vaginal hysterectomy was com- 
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pleted. Before peritoneal closure, 200 ml of dilute. 


methylene blue solution was instilled into the bladder 
to identify occult injury. 

Patient characteristics, surgical indications, technical 
aspects of the procedures, estimated blood loss, oper- 
ative time, and postoperative course were prospectively 
recorded for all patients. 


Results 


Except for the need for more sharp dissection, no 
unusual difficulty was encountered with mobilization 
of the bladder off the cervix in any of the nine patients. 
In two of the nine patients the vesicouterine perito- 
neum was readily identified and the anterior cul-de-sac 
was entered without additional maneuvers. One of 
these patients had undergone two and one had un- 
dergone three prior cesarean sections. In the remaining 
seven patients the vesicouterine peritoneum could not 
be satisfactorily identified. It was not possible to reach 
into the anterior cul-de-sac with a finger, and a bent 
uterine sound facilitated safe. entry. In five patients it 
was necessary to remove, reshape the bend, and rein- 
troduce the sound two to three times. Two sounds 
broke during rebending. Minor difficulty in removing 
the sound occurred in two patients, which in both in- 
stances was believed to be caused by hooking of the 
broad ligament, In one patient adhesions of the sigmoid 
epiploica to the uterine fundus were encountered, 
which were incised. The adhesions had not interfered 
with the placement of the sound. The bladder was 
noted to be intact in all nine patients during testing 
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with methylene blue solution. There were no other in- 
traoperative difficulties or complications. One inter- 
esting observation from this study was that the patients 
who had undergone multiple prior cesarean sections, 
even in the absence of a prior vaginal delivery, fre- 
quently had moderately significant pelvic relaxation. 
This was believed to be important to the success of the 
vaginal route. The mean operative time was 88 minutes 
(range, 60 to 130 minutes). Patients were discharged a 
mean of 4 days after surgery (range, 3 to 6 days). Two 
patients had postoperative pelvic cellulitis. There were 
no other postoperative complications during either 
hospitalization or subsequent follow-up. 


Comment 


A history of multiple cesarean sections has been con- 
sidered a relative contraindication to vaginal hyster- 
ectomy. The use of a bent uterine sound placed into 
the anterior cul-de-sac appears to facilitate the safe per- 
formance of vaginal hysterectomy in such patients. Se- 
lection factors such as pelvic anatomy, type and number 
of prior deliveries, type of prior uterine incision, prior 
urinary tract or rectosigmoid injury, and prior recog- 
nition of dense pelvic adhesions will require further 
investigation. 
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IN BRIEF: 
Indications and Usage—LO/OVRAL" is indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OC's) as a method of contraception 
Contraindications—OC’s should not be used in women with any of the following conditions: 

1. Thombophlebitis or thromboembolic disorders. 

2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 

3. Cerebral-vascular or coronary-artery disease 

4 Known or suspected carcinoma of the breast. 

5. Known or suspected estrogen-dependent neoplasia 

6. Undiagnosed abnormal genital bleeding. 

7. Known or suspected pregnancy (see Warning No. 5) 

8 Benign or malignant liver tumor which developed during use of OC's or other estrogen-containing products 
Warnings 
Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This 
risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women 
over 35 years of age. Women who use oral contraceptives should be strongly advised not to smoke. 
The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke. myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral contra- 
ceptives should be familiar with the following information relating to these risks. 











1. Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrombotic disease 
associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the US. have demonstrated 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic These studies 
estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS -In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and 
the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers, 

MYOCARDIAL INFARCTION (MI)—An increased risk of MI associated with use of OC's has been reported, confirming a 
previously suspected association. These studies, conducted in the UK, found, as expected, that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, 
history of pre-eclamptic toxemia) the higher the risk of developing MI, regardless of whether the patient was an OC user or 
not. OC's, however, were found to be a clear additional risk factor In terms of relative risk, it has been estimated that OC 
users who do not smoke (smoking is considered a major predisposing condition to Ml) are about twice as likely to have a fatal MI 
as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal MI compared to 
users who do not smoke, but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. Furthermore. 
amount of smoking is also an important factor. In determining importance of these relative risks, however, baseline rates for 
various age groups must be given serious consideration, Importance of other predisposing conditions mentioned above in 
determining relative and absolute risks has not as yet been quantified, quite likely the same synergistic action exits, but 
perhaps to a lesser extent. 

RISK OF DOSE -In an analysis of data derived from several national adverse-reaction reporting systems, British investigators 
concluded that risk of thromboembolism, including coronary thrombosis, is directly related to dose of estrogen in OC's. 
Preparations containing 100 mcg or more of estrogen were associated with higher risk of thromboembolism than those 
containing 50-80 mcg, Their analysis did suggest, however, that quantity of estrogen may not be the sole factor involved 
This finding has been confirmed in the U.S. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES ~A large prospective study carried out in the UK estimated 
the mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OC's 
according to age, smoking habits, and duration of use. Overall excess death rate annually from circulatory diseases for OC 
users was estimated to be 20 per 100,000 (ages 15-34—5/ 100,000; ages 35-44—33/100,000; ages 45-49—140/100,000), risk 
being concentrated in older women, in those with long duration of use, and in cigarette smokers. It was not possible. 
however, to examine interrelationships of age, smoking, and duration of use, nor to compare effects of continuous vs. 
intermittent use. Although the study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more 
years, all these deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous use for 5 or more 
years are available, it is not possible to assess magnitude of relative risk for this younger group. Available data from a 
variety of sources have been analyzed to estimate risk of death associated with various methods of contraception. Estimates, 
of risk of death for each method include combined risk of contraceptive method (e.g, thromboembolic and thrombotic disease 
inthe case of OC's) plus risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effective- 
ness of method. The study concluded that mortality associated with all methods of birth control is low and below that associated 
with childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is associated with condom or 
diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease associated with OC's increases with age 
after about 30 and, for MI, is further increased by hypertension, hypercholesterolemia, obesity, diabetes, or history of pre- 
eclamptic toxemia, and especially cigarette smoking. Physician and patient should be alert to earliest manifestations of 
thromboembolic and thrombotic disorders (e.g, thombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary 
occlusion, retinal thrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be 
discontinued immediately. A 4- to 6-fold increased risk of postsurgery thromboembolic complications has been reported 
in OC users 

If feasible, OC's should be discontinued at least 4 weeks before surgery of a type associated with increased risk of thrombo- 
embolism or prolonged immobilization 

PERSISTENCE OF RISK OF VASCULAR DISORDERS -Findings from one study in Britain involving cerebrovascular disease and 
another in the U.S. concerning MI suggest an increased risk of these conditions in users of OC's persists after discontinuation 
of the OC's. In the British study, risk of cerebrovascular disease remained elevated in former OC users for at least 6 years 
after discontinuation. In the U.S. study, increased risk of MI persisted for at least 9 years in women 40- to 49-years-old 
who had used OC's for 5 or more years. Findings in both studies require confirmation since they are inconsistent with other 
published information 

2. Ocular Lesions—There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated 
with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of 
proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases 
frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none currently contained in 
OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in dogs. In humans, 3 case-control 
studies have reported an increased risk of endometrial carcinoma associated with prolonged use of exogenous estrogen 
in postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OC's. Of cases found in women without predisposing risk factors 
(e.g, irregular bleeding at the time OC's were first given, polysystic ovaries), nearly all occurred in women who had used a 
sequential OC. These are no longer marketed. No evidence has been reported suggesting increased risk of endometrial cancer 
in users of conventional combination or progestogen-only OC's. Several studies have found no increase in breast cancer in 
women taking OC's or estrogens, One study, however, while also noting no overall increased risk of breast cancer in women on 
OCs. found an excess risk in subgroups of OC users with documented benign breast disease. Reduced occurrence of benign 
breast tumors in users of OC's has been well documented. In summary, there is at present no confirmed evidence from 
human studies of increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, nevertheless, 
essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or with breast nodules, fibrocystic 
disease, or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors—Benign hepatic adenomas have been found to be associated with the use of OC's. One study showed that 
OC's with high hormonal potency were associated with higher risk than lower potency OC's. Although benign, hepatic adenomas 
may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as well as 
long-term users, Two studies relate risk with duration of use of OC's, the risk being much greater after 4 or more years use. While 
hepatic adenoma is rare, it should be considered in women presenting abdominal pain and tenderness, abdominal mass or 
shock. A few cases of hepatocellular carcinoma have been reported in women on OC's. Relationship of these drugs to this type 
of malignancy is not known. 

5. Useinor Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Offspring—Use of female 
sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has 


been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have increased risk of developing 
in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk has been estimated to be of the order of 
1 in 1,000 exposures or less. Although there is no evidence now that OC's further enhance risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OC's. Furthermore, 30 to 90% of such 
exposed women have been found to have epithelial changes of the vagina and cervix. Although these changes are histologically 
benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may develop 
abnormalities of the urogenital tract. Although similar data are not available with use of other estrogens, it cannot be 
presumed they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with use of sex hormones, including OC's. in pregnancy. One case control study estimated a 4 1-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OC's, hormonal withdrawal tests for 
pregnancy, or attempted treatment for threatened abortion). Some exposures involved only a few days. Data suggest that 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 live births. In the past. female sex hormones 
have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable evidence that 
estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens are 
effective. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses from 
women who become pregnant soon after ceasing OC's. Embryos with these anomalies are virtually always aborted spontaneously 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown 
Itisrecommended that, for any patient who has missed 2 consecutive periods, pregnancy should be ruled out before continuing 
OC's If the patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at time of 
first missed period, and further use of OC's should be withheld until pregnancy has been ruled out. If pregnancy 1s confirmed, 
the patient should be apprised of the potential risks to the fetus, and advisability of continuation of the pregnancy should 
be discussed. It is also recommended that women who discontinue OC's with intent of becoming pregnant use an alternate form 
of contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no 
precise information is available on which to base this. The administration of progestogen-estrogen combinations to induce 
withdrawal bleeding should not be used as a test of pregnancy. 

6 Gallbladder Disease—Studies report increased risk of surgically confirmed gallbladder disease in users of OC's and 
estrogens In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years use. In one of the other studies, 
increased risk was apparent between 6 and 12 months use. 

7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has been observed in a significant percentage 
of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully observed while on OC's. Increase 
in triglycerides and total phospholipids has been observed in patients on OC's: clinical significance of this finding remains to 
be defined. 

8. Elevated Blood Pressure—Increase in blood pressure has been reported in patients on OC's In some women, hypertension 
may occur within a few months of beginning OC's. In the Ist year of use, prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers, Prevalence in users increases, however, with longer 
exposure, and in the 5th year of use 1s 2% to 3 times the reported prevalence in the Ist year. Age is also strongly correlated with 
development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely 
to develop elevation of blood pressure on OC's. Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug 

9. Headache~—Onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent. 
or severe, requires discontinuation of OC's and evaluation of the cause 

10. Bleeding Irregularities -Breakthrough bleeding spotting and amenorrhea are frequent reasons for patients discontinuing 
OC's. In breakthrough bleeding as in all cases of irregular vaginal bleeding, nonfunctional causes should be borne in mind 

In undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule 
out pregnancy or malignancy If pathology has been excluded, time or change to another OC may solve the problem, Changing 
to an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if 
necessary, since this may increase risk of thromboembolic disease. Women with past history of oligomenorrhea or secondary 
amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic 
after discontinuing OC's. Women with these pre-existing problems should be advised of this possibility and encouraged to use 
other methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

11. Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures, 

12. Breast-feeding—OC's given in the postpartum period may interfere with lactation and decrease quantity and quality of 
breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the milk of mothers on OCs; effects, 
if any, on the breast-fed child have not been determined. If feasible, defer OC's until infant has been weaned 
Precautions—GENERAL—1! A complete medical and family history should be taken prior to initiation of OC's. Pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Pap smear and relevant laboratory tests. 

Asa general rule OC's should not be prescribed for longer than | year without another physical examination 

2. Under influence of estrogen-progestogen preparations, pre-existing uterine leiomyomata may increase in size. 

3. Patients with history of psychic depression should be carefully observed and the drug discontinued if depression recurs 
to a serious degree Patients becoming significantly depressed while on OC's should stop OC's and use an alternate method 
to try to determine whether the symptom is drug-related. 

4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, 
in patients with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, 
asthma, or cardiac or renal insufficiency. 

5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence while on OC's If jaundice 
develops, OC's should be discontinued. 

6. Steroid hormones may be poorly metabolized in patients with impaired liver function and should be administered 
with caution. 

7 OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency, 
Clinical significance 1s undetermined. 

8. Serum folate levels may be depressed by OC's. Since the pregnant woman is predisposed to development of folate deficiency 
and incidence of folate deficiency increases with increasing gestation, it 1s possible that if a woman becomes pregnant 
shortly after stopping OC's, she may have a greater chance of developing folate deficiency and complications attributed to 
this deficiency. 

9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 

10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OC's: a 
Increased sulfobromophthalein retention. b. Increased prothrombin and factors VII, VIII, IX. and X; decreased antithrombin 
3; increased norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased 
circulating total-thyroid hormone. as measured by protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. 
Free T3 resin uptake is decreased, reflecting the elevated TBG; free T4 concentration is unaltered, d. Decreased pregnanediol 
excretion. e. Reduced response to metyrapone test. 

Information for the Patient—See Patient Package Labeling. 

Drug Interactions—Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant 
use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin 
and tetracycline. 

Carcinogenesis~—See Warnings on carcinogenic potential of OC's. 

Pregnancy—Category X See Contraindications, Warnings. 

Nursing Mothers—See Warnings. 

Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's (see Warnings) 
thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and use of OC's although additional confirmatory studies 
are needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients on OC's and are believed to be drug-related: nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the 
first cycle. Other reactions, as a general rule, are seen much less frequently or only occasionally Gastrointestinal symptoms (such 
as abdominal cramps and bloating); breakthrough bleeding spotting. change in menstrual flow; dysmenorrhea, amenorrhea 
during and after treatment, temporary infertility after discontinuance of treatment: edema; chloasma or melasma which 
may persist; breast changes: tenderness, enlargement. and secretion; change in weight {increase or decrease); change in 
cervical erosion and cervical secretion; possible diminution in lactation when given immediately postpartum: cholestatic 
jaundice; migraine; increase in size of uterine leiomyomata; rash 
(allergic), mental depression; reduced tolerance to carbohydrates; 
vaginal candidiasis; change in corneal curvature (steepening). 
intolerance to contact lenses. 

The following adverse reactions have been reported in users of OC's, 
and the association has been neither confirmed nor refuted 
premenstrual-like syndrome, cataracts, changes in libido, chorea. 
changes in appetite, cystitis-like syndrome, headache, nervousness, 
dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema 
nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic 
uremic syndrome. 
Acute Overdose—Serious ill effects have not been reported following 
acute ingestion of large doses of OC's by young children. Overdosage 
may cause nausea, and withdrawal bleeding may occur in females. 
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LIFEBANK, Inc. 
Reveals the Identity Through DNA 
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New Advances in DNA Technology 


LIFEBANK has forged new advances in research to read the identifying information 
contained in DNA from infancy through adulthood. We have pioneered a system—LIFEPRINT © 
DNA Profile and LIFEFILE ` DNA Storage—for coding and storing DNA, giving your patients 
the most accurate method for identification. It takes only a small blood sample drawn in the 
hospital, or office and processed with complete security and confidentiality by LIFEBANK. 


LIFEBANK recognizes that parents may request your guidance in providing the most 
accurate identification method for their newborn. Since baby bracelets, footprinting and 
fingerprinting have demonstrated their shortcomings, DNA printing offers a unique form 
of identification and control unavailable to you, or your patients in the past. 


Conclusive identification of any infant can be achieved with the DNA LIFEPRINT Service. 


DNA printing is more reliable than all other known methods of identification. Unlike 
footprinting and fingerprinting, identification through DNA LIFEPRINT is virtually 100% 
accurate. 


The LIFEBANK state of the art laboratory and facility process and store all DNA samples 
with complete confidentiality. Scientists and professionally trained technicians supervise 
the highly clinical environment. 


A comprehensive security system has been installed at the facility to ensure the security 
of the stored DNA and test results. Each infant receives a coded certificate, certifying the 
LIFEBANK commitment to patient fulfillment. 


LIFEBANK supplies easy to use blood collection kits to the hospital for sampling of your 
patients cord blood. Immediate processing and certification of the blood sample is 
guaranteed! 


The infant's DNA will be stored and maintained at the clinical laboratory for their future use. 
LIFEBANK assures the stability of the stored sample for 18 years. 


LIFEBANK is committed to providing professional service to you in support of our DNA 
technology. This includes comprehensive medical and technical support, patient education 
material and professionally trained sales representatives. 


For more information, call toll free 1-800-448-6144. In New Jersey, call 201-722-2525. 
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LIFEBANK, committed to providing the latest advances in DNA-based technol- 
ogy to the obstetrician and consumer, builds on the research and development 


excellence of LIFECODES, the leader in human DNA applications. Both are wholly 
owned subsidiaries of Quantum Chemical, a multi-billion dollar corporation with 
a tradition of unsurpassed leadership, quality and excellence in research and 
technology. LIFEBANK expands on this tradition as an innovator in DNA technol- 
ogy applications through a commitment to research and development for today 
and the future. 


The services of LIFEBANK, including LIFEPRINT and LIFEFILE offer today’s and 
future generations the opportunity to test and store DNA for identification 
purposes, as well as for genetic diagnostic and therapeutic use. As DNA 
technology advances, LIFEBANK will be at the vanguard bringing the latest 
developments and services to benefit the world community. 
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Bilateral compartment syndrome after a long gynecologic 
operation in the lithotomy position 


Lisa M. Adler, MD, Jacquelyn S. Loughlin, MD, Christopher J. Morin, MD, and 


Ray V. Haning, Jr., MD 
Providence, Rhode Island 


Compartment syndrome occurred after a tubal anastomosis in a prolonged lithotomy position. This 
syndrome carries the risk of permanent neuromuscular and kidney damage. The pathophysiologic features 
of the syndrome are reviewed. Specific guidelines for the prevention and management of this syndrome in 
patients undergoing gynecologic procedures are presented. (Am J OBsteT GYNECOL 1990;162:1271-2.) 


Key words: Compartment syndrome, lithotomy position, surgical complication 


An acute increase in pressure in a limited anatomic 
space compromising both circulation and neurologic 
function of structures contained within that space con- 
stitutes a compartment syndrome.’ Although most 
commonly seen after trauma or vascular procedures, 
this syndrome may complicate prolonged gynecologic 
surgery in the lithotomy position. 


Case report 

A 30-year-old woman who had undergone tubal li- 
gation desired tubal anastomosis. After receiving a gen- 
eral endotracheal anesthetic, she was placed in the lith- 
otomy position. Specific attention was paid to avoiding 
pressure over the peroneal nerve, padding the U- 
shaped stirrups, and distributing the weight of the leg 
evenly. A cannula was placed in the uterus for intra- 
operative dye injection. For ease in positioning the op- 
erating microscope and team members, the patient was 
left in the lithotomy position for the 6 hours it took to 
complete lysis of adhesions and bilateral isthmic- 
ampullary anastomoses. Her vital signs remained stable 
throughout. Two hours after surgery the patient com- 
plained of severe cramping in both lower legs, which 
were noted to be tense and firm. Twelve hours after 
operation she noted numbness, burning, and difficulty 
moving her legs. The pedal pulses remained intact, but 
a left footdrop and decreased sensation over both feet 
were demonstrated. A consulting vascular surgeon di- 
agnosed compartment syndrome. The patient was 
treated conservatively by positioning her lower legs at 
heart level. There was no progression of symptoms or 
edema. A sodium bicarbonate drip was begun to pre- 


From the Department of Obstetrics and Gynecology, Women and In- 
fants’ Hospital, the Department of Surgery, Miriam Hospital, and 
Brown University. 

Received for publication November 17, 1989; accepted November 21, 
1989. 

Reprint requests: Ray V. Haning, Jr., MD, Department of Obstetrics 
and Gynecology, Women and Infant’s Hospital, 101 Dudley St., 
Providence, RI 02905. 

6/1/18441 


vent renal injury. A creatine kinase value at this time 
was 43,600 U/L (normal level, <128 U/L). The urine 
myoglobin level was 3440 ng/ml (normal value, <10 
ng/ml). After 2 days the myoglobinuria cleared. The 
blood urea nitrogen value remained stable at 5 mg/dl 
and the creatinine value was 0.7 mg/dl. The lower leg 
tenderness improved by postoperative day 6 and the 
patient began physical therapy. The left-sided footdrop 
and hypoesthesia persisted, but only mild hypoesthesia 
remained on the right side. These symptoms persisted 
at the 6-week postoperative visit. 


Comment 

Compartment syndrome is a rare but potentially se- 
rious complication of surgery. There have been reports 
of compartment syndrome after urologic procedures 
with the patient in the lithotomy position for more than 
6⁄2 hours, but we could find no reports in the gyne- 
cologic literature.* 

Investigators postulate that compartment syndromes 
begin by exceeding a critical closing pressure in arte- 
rioles that supply muscles of a compartment. This re- 
sults in decreased blood flow, decreased ability to meet 
the tissue’s metabolic demands, and edema. The edema 
further increases the pressure, which further reduces 
blood flow, and a destructive cycle begins. The resulting 
neuromuscular deficits reflect the duration of de- 
creased blood flow. Low blood pressures, metabolic ac- 
idosis, and hypothermia during surgery may enhance 
tissue ischemia.’ In the lithotomy position, passive dor- 
siflexion of the ankle joint increases compartmental 
pressures significantly; knee position is less important.’ 
The weight of the leg itself on an underlying firm sur- 
face such as a stirrup can induce significant compart- 
mental pressures. Elevation of the leg above the heart 
further decreases arterial blood flow. 

Symptoms typical of compartment syndrome are il- 
lustrated in this patient: severe pain, hypoesthesia in 
the nerve distribution of the compartment, weakness 
of compartmental muscles, pain on passive stretch of 
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those muscles, and tenseness of the compartment. Pal- 
lor or loss of pulses has not proved useful in diagnosis; 
indeed, capillary refill and peripheral pulses are often 
normal. Unfortunately, diagnosis is often delayed until 
after the observation of footdrop. 

Complications of compartment syndrome include 
permanent neuromuscular dysfunction, skin necrosis, 
and myoglobinuric renal failure. In this case, alkalin- 
ization of the urine was successful in preventing kidney 
damage. Positioning the leg at heart level optimizes 
circulation and thereby limits damage. Muscle pressure 
measurements should be obtained immediately. If in- 
creased pressures exist, fasciotomy may be performed 
to decompress the compartment. However, it appears 
that after 12 hours of active symptoms, the risk of in- 
fection with fasciotomy is considerable and may out- 
weigh the benefits of decompression. 

Avoiding prolonged lithotomy positioning may de- 
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crease the incidence of compartment syndrome. In un- 
avoidably long cases, frequent repositioning, with stir- 
rups that support both the thigh and lower leg, and 
attention to foot position may reduce the risk of com- 
partment syndrome. Should it occur despite these pre- 
cautions, attention to postoperative symptoms and 
timely intervention are of prime importance in reduc- 
ing complications. 
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Treatment of cervical intraepithelial neoplasia: Experience with 


the low-voltage diathermy loop 


Paul F. Whiteley, FRCS, FRCOG, and Karl S. Olah, MB, ChB, MRCOG 


Banbury, Oxfordshire, England 


Eighty patients with cervical abnormalities that were proved by colposcopy were treated with the 


low-voltage diathermy loop by excision biopsy of isolated lesions (n = 14), excision of the transformation 
zone (n = 52), or by cone biopsy (n = 14). Treatment was performed at the time of initial assessment 
with the patient under a local anesthetic. Treatment proved acceptable to patients and minimal discomfort 
was reported. Primary hemorrhage was not a problem, although secondary hemorrhage occurred in 3.7% 
of patients. Excision was histologically complete in 85% of cases, and excision was Clinically complete in 
the remaining cases. Diathermy coagulation to the base of the lesion ensured hemostasis and destroyed 
any residual cervical intraepithelial neoplasia. Follow-up cytologic findings were normal in 91% of patients 


at 3 months, and colposcopy showed no abnormality in 95% of patients at 6 months. The 
squamocolumnar junction was fully visible in 91% of patients. Thus excisional techniques with the 
low-voltage diathermy loop appear to be a viable treatment option for cervical intraepithelial neoplasia. (Am 


J OssteTt GYNECOL 1990;162:1272-7.) 


Key words: Cervical intraepithelial neoplasia, diathermy loop excision 


In response to reports of inconsistency in the quality 
of colposcopically directed cervical biopsies,'* concern 
has been expressed that destructive methods of treat- 
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ment may be used when invasive disease is present but 
has not been recognized.*® As a result excision of 
the atypical transformation zone with the laser has 
been described,’* and the results of treatment with 
this method compare favorably with laser vaporiza- 
tion.® '°'' However, the procedure is technically more 
difficult than simple vaporization, and the cost of laser 
equipment still limits its availability. 

Diathermy loop excision has been advocated as a 
method to both investigate and treat cervical intraep- 
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Fig. 1. A variety of diathermy loops and ball diathermy attachments. The “pencil-type” hand switch 


is at the bottom of the picture. 


ithelial neoplasia.'* The method has been described as 
a means of taking cervical biopsy specimens’ and it has 
been used to excise the entire atypical transformation 
zone." Early difficulties experienced during outpatient 
techniques as a result of patient discomfort have been 
significantly reduced with the use of local anesthesia." 
We evaluated the use of this technique over a pe- 
riod of 12 months, and our results are described. 


Material and methods 


Eighty patients with colposcopic abnormalities have 
been treated with a diathermy loop on an outpatient 
basis in our clinic over the last 12 months. The dia- 
thermy power was supplied by a Valleylab Force 2 elec- 
trosurgical generator (Valleylab, London). A disposable 
grounding plate is applied to the patient’s thigh; the 
apparatus is similar to that used in the operating room 
for coagulation of small blood vessels. The diathermy 
power required depends on the amount of wire in con- 
tact with tissue. The aim in selection of power levels 
should be to use sufficient power to cut through the 
tissue while using as little power as possible to limit 
tissue damage to the specimen. Optimal power set- 
tings for use with varying sizes of loop have been de- 
scribed." 

The cutting loop consists of an insulated shaft at- 
tached to an insulated transverse arm to which the wire 
loop is attached (Fig. 1). The stainless steel wire is 
0.2 mm in diameter and forms a loop of variable size. 
The shaft fits into a reusable pencil-type hand-held 
switch. Cutting, coagulation, or a combination of both 
functions may be activated by two buttons on the pencil. 
Various sizes of ball diathermy are also available to fit 
into the pencil. 


All patients were initially referred for assessment be- 
cause of abnormal cervical cytologic findings. Colpo- 
scopic assessment was performed, with care taken to 
delineate the extent of any lesion present, and to at- 
tempt visualization of the squamocolumnar junction. 
Acetic acid (3%) and Lugol’s iodine solution were used 
to assist in assessment with standard techniques. Four 
2 ml ampules of prilocaine 3%, with 0.3 IU/ml of fe- 
lypressin were injected into the cervix, one ampule in 
each cervical quadrant, with care taken to avoid the 
lesion. The loop to be used was then selected; its size 
depended on the extent of the lesion on the ectocervix. 
If the squamocolumnar junction could be fully visu- 
alized, small, well-circumscribed lesions on the ecto- 
cervix were removed completely with a small diathermy 
loop. For larger lesions the entire transformation zone 
was excised, and when indicated, a cone biopsy per- 
formed with the use of the same techniques. 

The biopsy specimen was taken in a single sweep 
through the cervical tissues (Fig. 2); the biopsy itself 
takes less than 1 minute to perform. Care must be taken 
to avoid contact between the loop with the metal spec- 
ulum because this may cause discomfort. However, be- 
cause of the large surface area of the speculum, no 
tissue damage results from this. Starting approximately 
0.5 mm outside the periphery of the transformation 
zone, the loop is advanced vertically until the required 
depth of 7 to 8 mm has been achieved. The loop is 
then slowly taken across the cervix, underneath the 
transformation zone. It is then withdrawn beyond the 
opposite margin of the transformation zone, thus re- 
moving it in one piece. Larger lesions required excision 
in two or three sections. In such cases the central por- 
tion containing the squamocolumnar junction was re- 
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Fig. 2. The appearance of the cervix after loop excision with the biopsy specimen still in situ. The 
line of excision can be clearly seen and extends beyond the ectocervical margins of the lesion 


previously delineated. 


Table I. Treatment performed 











Histologic findings 





No dysplasia 4 
Cervical intraepithelial neoplasia 

Grade 1 l 

Grade 2 8 

Grade 3 l 
Invasive carcinoma 0 
TOTAL 14 (17.5%) 


Excision biopsy 


Excision ATZ Cone biopsy 


2 0 
8 2 
13 l 
29 10 
0 l 


14 (17.5%) 





ATZ, Abnormal transformation zone. 


moved first. The specimen was then oriented and 
marked at the 12 o’clock position. The base of the bi- 
opsy site was then examined. If glandular tissue was 
present a further biopsy specimen could be taken until 
the characteristic appearance of the compact connective 
tissue was seen. Hemostasis was achieved with ball dia- 
thermy. Smoke generated from the procedure was ex- 
tracted via a vacuum through the speculum. 

No packs or other hemostatic agents were used. All 
patients were advised to avoid intercourse and vaginal 
tampons for 4 weeks, and were warned to expect a 
heavy vaginal discharge after treatment. Cytologic as- 
sessment was performed at 3 months and colposcopic 
assessment was performed at 6 months. 


Results 


Eighty patients with suspected cervical intraepithelial 
neoplasia were treated with the low-voltage diathermy 


loop during a 12-month period (Table I). Fifty-two of 


these patients (65%) had complete excision of the trans- 
formation zone. The squamocolumnar junction could 


not be visualized in 13 patients, and cone biopsy with 
the diathermy loop was performed. One patient had a 
cone biopsy performed for suspected invasive carci- 
noma, and the remaining patients had excision biopsy 
of a well-circumscribed lesion when the squamocol- 
umnar junction was fully visualized." 

There were few complications of treatment (Ta- 
ble II). In 12 patients (15%) the cervical abnormality 
extended to the excision margins histologically, and 
thus should be considered incomplete. However, dia- 
thermy hemostasis after excision and the resulting ther- 
mal destruction would probably destroy residual cer- 
vical intraepithelial neoplasia. This is confirmed to 
some extent by the finding that of those patients in 
whom excision was incomplete, only three (25%) had 
an abnormal Papanicolaou smear at follow-up, with a 
colposcopic abnormality being subsequently confirmed. 
There were no cases of primary hemorrhage. There 
were three cases of secondary hemorrhage (3.7%), but 
only one patient required hospital admission. Bleeding 
was minimal in these cases and conservative manage- 
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Procedure 


Incomplete excision 


Abnormal cytology Abnormal colposcopy 
No. at 3 months at 6 months Primary 
0 


Excision biopsy 1 1 1 0 
Excision ATZ 8 2 2 0 l 
Cone biopsy 3 0 0 0 2 
TOTAL 12 (15%) 3 2 0 (0%) 3 (3.7%) 





ATZ, Abnormal transformation zone. 


Table III. Results of cytologic follow-up at 3 months after treatment 






Procedure 


Follow-up cytologic findings 


Excision biopsy 14 11 3 0 
Excision ATZ De 49 3 0 
Cone biopsy 13 12 0 1 
TOTAL 79 72 (91.1%) 6 (7.6%) 1 (1.2%) 


ATZ, Abnormal transformation zone. 


ment was effective. There were more complications (in- 
complete excision/hemorrhage) with the more exten- 
sive techniques. Five patients (35%) who had cone bi- 
opsy had one of these complications, whereas nine 
(17%) who had excision of the abnormal transforma- 
tion zone and one (7%) who had excision biopsy had 
similar complications. However, the differences are not 
statistically significant (p > 0.05). 

In general, more severe degrees of cervical intra- 
epithelial neoplasia have been treated by the more ex- 
tensive biopsy techniques. This may be a result of the 
size of the lesion at the time of diagnosis. Absence of 
cervical intraepithelial neoplasia on histologic exami- 
nation was more frequent in those patients treated by 
excision biopsy (n = 4); the remainder were treated by 
excision of the transformation zone (two cases). The 
biopsied areas showed either squamous metaplasia (five 
cases) or wart virus changes (one) only, despite prior 
abnormal cytologic findings. All appeared normal at 
follow-up colposcopy. 

Seventy-nine patients were followed up cytologically 
and colposcopically; one patient had an invasive car- 
cinoma diagnosed after a cone biopsy (Tables III and 
IV). Normal cytologic findings were reported in 72 pa- 
tients (91%), an abnormality in six (7.6%), and cytologic 
study was not suitable for assessment in one patient 
(1.2%). However, only four patients (5.1%) had an ab- 
normality visible at colposcopy. Biopsy specimens 
showed grade | cervical intraepithelial neoplasia (three 
cases), and grade 2 cervical intraepithelial neoplasia in 
one case. Three of these patients were known to have 
incomplete excision of the initial lesion. Overall, in 75 
patients (95%) no abnormality was seen at follow-up 


colposcopy. The squamocolumnar junction was fully 
visualized in 72 patients (91.2%), and these patients 
were thus suitable for further cytologic-colposcopic sur- 
veillance. The seven patients in whom the squamocol- 
umnar junction was not fully visualized will require 
follow-up with the use of an endocervical brush and 
spatula, enabling an adequate sampling of the endo- 
cervically placed squamocolumnar junction. Thirteen 
patients required cone biopsy because the squamocol- 
umnar junction was not fully visualized. At follow-up 
the squamocolumnar junction was fully visualized in 10 
patients, and they are thus amenable to further follow- 
up colposcopic assessment if necessary. In general, ex- 
cision biopsy was associated with a greater proportion 
of cytologic abnormalities at smear follow-up (21%) 
than either excision of the abnormal transformation 
zone (5.7%) or cone biopsy (0%). However, the differ- 
ence in the frequency of abnormal follow-up cytologic 
findings between excision biopsy and excision of the 
abnormal transformation zone is not statistically sig- 
nificant (p > 0.1). 

Thermal damage of the biopsy specimens in this 
study was insignificant. Minimal epithelial disruption 
at the edge of the specimens is observed, but there was 
no interference with histologic evaluation. 


Comment 


Cervical intraepithelial neoplasia can be treated by 
excision (conization or hysterectomy), or by local de- 
struction (cryocautery, cold coagulation, electrocautery, 
or laser vaporization). Cone biopsy has an advantage 
because the tissue removed may be examined histolog- 
ically; thus the limits of the lesion can be clearly defined 
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Table IV. Results of follow-up colposcopy at 6 months after treatment 






Histologic findings 


Excision biopsy 14 13 
Excision ATZ 52 45 
Cone biopsy 13 10 
TOTAL 79 68 (86.1%) 


SC] fully visualized 


Follow-up colposcopy 










SC] not fully visualized 


Abnormal* 


1 0 0 
3 4 0 
0 3 0 
4 (5.1%) 7 (8.9%) 0 (0%) 


ATZ, Abnormal transformation zone; SCJ, squamocolumnar junction. 


*Appearances of ectocervix only. 


and invasive carcinoma can be ruled out with confi- 
dence. However, although some clinicians advocate 
cone biopsy in the outpatient clinic,'’ the majority of 
women undergoing the procedure do so as inpatients 
with the associated cost and additional morbidity of 
general anesthesia. In addition, there is a significant 
incidence of hemorrhage (13%), cervical stenosis (17%), 
and subsequent infertility or an abnormal pregnancy 
(4%) associated with the procedure.’ Conversely, local 
destructive techniques do not require use of general 
anesthesia, are associated with minimal morbidity, and 
are highly successful. Colposcopic assessment before 
treatment is mandatory to delineate the extent of the 
lesion and to exclude invasive disease. The entire trans- 
formation zone must be visible at this time, and a rep- 
resentative biopsy specimen of the most abnormal area 
must be obtained. The ability of the pathologist to ex- 
clude invasive disease with confidence depends on the 
quality of the biopsy specimen, and is based on the 
assumption that the tissue analyzed represents the most 
severely affected area. This is not always the case, how- 
ever, since early invasive disease may occur without 
detectable surface epithelial changes." 

As a result excision techniques have been advocated, 
and removal of the atypical transformation zone with 
the laser has been described.”* Although the results of 
treatment are similar,” ''' the procedure is technically 
more difficult than simple vaporization, and the cost of 
laser equipment still limits its availability. 

Results of this study indicate that colposcopically di- 
rected diathermy loop excision of cervical atypia ap- 
pears to be a satisfactory method of both investigating 
and treating cervical intraepithelial neoplasia. It has the 
advantage over local destructive techniques because it 
removes rather than destroys the tissue under scrutiny. 
It is therefore possible to rule out invasive disease and 
confirm that the lesion has been removed in its entirety. 
It uses inexpensive, simple equipment and is associated 
with a low incidence of short-term morbidity. In ad- 
dition, treatment is undertaken at the initial visit to the 
colposcopy clinic, thus reducing the number of visits 
by the patient to the clinic. Patients find the treatment 


acceptable and little or no discomfort is reported. How- 
ever, not all patients are suitable for such treatment 
with local anesthetic. In a small number of patients, 
hospital admission and use of a general anesthetic is 
warranted, either because of the size of the cervical 
lesion, difficult access as a result of vaginal laxity or 
stenosis, or patient anxiety. We generally use the same 
technique in this situation. 

When total excision of the transformation zone is 
performed the biopsy specimen includes the entire 
transformation zone, the area corresponding to that 
normally destroyed by local destructive techniques. The 
size of the area excised depends on the extent of the 
lesion visible on the ectocervix, and the depth of the 
biopsy specimen may also be judged by the colposcopic 
appearances of the cervical connective tissue at the base 
of the excised lesion. Glandular tissue has characteristic 
appearances," and further excision may thus be per- 
formed if indicated. Thus both width and the depth of 
the cervical excision biopsy may be accurately tailored 
to ensure complete removal. 

Although most patients treated had well-defined ab- 
normalities on the cervix that were treated by excision 
of the transformation zone (52 cases) or excision biopsy 
(14), a number of patients underwent a cone biopsy 
(14). A cone biopsy is considered mandatory in any pa- 
tient in whom the entire transformation zone cannot be 
visualized, if invasive disease is suspected, or if cytologic 
findings are not explained after full assessment that has 
included analysis of a biopsy specimen. Although by the 
criteria outlined above these patients underwent coni- 
zation, the procedure and amount of cervical tissue ex- 
cised is similar whether cone biopsy or excision of the 
transformation zone is performed. Thus formal cold- 
knife cone biopsy with the patient under general anes- 
thesia is rarely performed in our unit. With this tech- 
nique, the indications for such a procedure are few. 

The low-voltage diathermy loop is a valuable addi- 
tional tool to the colposcopist. We believe that it com- 
pares favorably with laser excisional techniques but at a 
fraction of the cost. However, laser treatment of genital 
tract dysplasia remains a valuable method of treat- 
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ment, and treatment with the low-voltage diathermy 
loop should be considered a treatment option. 
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Interstitial radiotherapy for the treatment of advanced or 
recurrent vulvar and distal vaginal malignancy 


Mitchel Hoffman, MD," Steven Greenberg, MD,* Harvey Greenberg, MD,” 
James V. Fiorica, MD, William S. Roberts, MD,* James P. LaPolla, MD, 


Brian K. Noriega, MS,” and Denis Cavanagh, MD 
Tampa, Florida 


From March 1, 1985 to April 30, 1988 10 patients with locally advanced primary or recurrent vulvar or 
distal vaginal malignancy were managed with interstitial radiotherapy with or without teletherapy. One 
patient died of complications of a total pelvic exenteration for radionecrosis 8 months after completion of 
radiotherapy. The remaining nine patients were alive at a mean follow-up of 28 months (14 to 50 months). 
Recurrent disease developed within a bed of severe radionecrosis in two patients at 13 and 47 months 
after completion of radiotherapy. The remaining seven patients have remained without evidence of 
recurrent disease. Of the 10 total patients severe radionecrosis developed in six at a median of 8.5 
months (6 to 26 months) after radiotherapy. We conclude from our data that the use of interstitial needles, 
mainly combined with external radiotherapy, for the treatment of locally advanced primary or recurrent 
vulvar and introital malignancy is highly effective but also highly morbid. (Am J OssteT GYNECOL 1990; 


162:1278-82.) 


Key words: Radiotherapy, vulvar cancer, advanced vulvar cancer 


Advanced or locally recurrent malignancy in the vul- 
var and distal vaginal region is difficult to manage. Such 
cancers are uncommon and there are no large series 
from which to draw conclusions with regard to opti- 
mum methods of management. Surgery is frequently 
unsatisfactory or necessarily ultraradical.' There is 
little information in the literature on the use of 
“modern” radical radiotherapy in the treatment of 
these tumors.” This report is our experience with the 
use of interstitial needles, mainly combined with tele- 
therapy, for the delivery of a curative dose of radiation 
to locally advanced primary or recurrent vulvar and 
distal vaginal malignancy. 


Material and methods 


From March 1, 1985 to April 31, 1988 10 patients 
with locally confined advanced or recurrent vulvar or 
introital malignancy were managed with interstitial ra- 
diotherapy with or without teletherapy. The term in- 
troital malignancy was used for tumors that were con- 
fined to the distal quarter of the vagina and abutted 
against or involved the introitus. Patient characteristics 
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and management are summarized in Table I. The mean 
age of the 10 patients was 58 years (34 to 70). No patient 
in the study had received prior pelvic radiotherapy. In 
all patients who received primary therapy, the ingui- 
nofemoral lymph nodes were included as part of the 
treatment either by excision or radiation therapy. The 
three patients with recurrent squamous cell carcinoma 
of the vulva had undergone prior bilateral inguino- 
femoral lymphadenectomy. The inguinal areas were 
without clinical evidence of metastatic disease and were 
not retreated. The patient with a recurrent vulvar fi- 
brosarcoma had not previously received treatment to 
the inguinal areas and therefore they were included in 
the radiotherapy field. The two patients who were first 
seen with stage II carcinoma of the distal vagina were 
managed with interstitial needles and bilateral ingui- 
nofemoral lymphadenectomy. The remaining eight pa- 
tients were managed with 3500 to 5000 radians whole 
pelvis radiotherapy that encompassed the tumor in the 
treatment field followed by interstitial needles designed 
to bring the total tumor dose to 7000 to 9000 radians. 
Teletherapy was administered at 180 radians in a single 
fraction per day, five fractions per week. In three pa- 
tients the teletherapy was combined with intravenous 
cisplatin and 5-fluorouracil with the use of a previously 
described protocol.’ One patient was treated with ac- 
celerated fraction teletherapy combined with three 
courses of intraarterial cisplatin and floxuridine. 

All interstitial needle procedures were performed in 
the operating room by a combined effort of the radia- 
tion therapist and gynecologic oncologist after general 
or regional anesthesia was induced. All patients re- 
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Table I. Patient characteristics and management 


Age Tumor 
(yr) Diagnosis Prior treatment description Treatment Complications 
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Present status 








Are ae 





1 Stage IV None 5 cm parain- 
squamous troital mass 
cell carci- fixed to 
noma right pubic 
vagina ramus 

2 61 Stage III None 3 cm tumor 
squamous right poste- 
cell carci- rior vulva 
noma vulva with anal in- 

volvement 

3 68 Stage III fi- Excision 24 4 cm tumor 
brosarcoma months prior right distal 
vulva ischorectal 

fossa 

4 70 Stage III None 3 cm tumor 
squamous left antero- 
cell carci- lateral wall 
noma of introitis, 
vagina extending to 

ramus 

5 67 Stage III None 3 cm tumor 
squamous right lateral 
cell carci- paraintroital 
noma fixed to 
vagina ramus 

6 84 Stage II None 2 cm distal 
squamous suburethral 
cell carci- mass 
noma 
vagina 

7 34 Stage II Ade- None 3 cm mass 
nocarci- right antero- 
noma lateral intro- 
vagina ital mass 

8 61 Stage II RV + BGND 2 cm mass left 
squamous 50 months anterior in- 
cell carci- prior troitis near 
noma vulva ramus 

9 75 Stage III RV + anec- 4 cm posterior 
squamous tomy + perineal 
cell carci- BGND 32 tumor 
noma vulva months prior 

10 54 Stage III RV + BGND = 3cm right 
squamous 17 months posterior 
cell carci- prior paraintroital 
noma right mass 
Bartholin 
duct 


Teletherapy + 
chemotherapy, 
needles + 
BGND 


Teletherapy + 
needles 


Teletherapy + 
needles 


Teletherapy + 
chemotherapy, 
needles + 
BGND 


Teletherapy + 
needles 


Needles + 
BGND 


Local excision + 
needles + 
BGND 


Teletherapy + 
needles 


Diverting colos- 
tomy telether- 
apy + chemo- 
therapy + 
needles 

Accelerated 
fraction tele- 
therapy + in- 
traarterial 
chemother- 
apy + needles 


Severe peri- 
neal introital 
radionecrosis 
5 months af- 
ter needles 

Severe peri- 
neal radi- 
onecrosis 13 
months after 
needles 

None 


None 


None 


None 


Severe right 
introital ra- 
dionecrosis 6 
months after 
needles 

Severe anter- 
ior + right 
introital ra- 
dionecrosis 
24 months 
after needles 

Severe poste- 
rior perineal 
radionecrosis 
8 months af- 
ter needles 

Severe right 
posterior in- 
troital and 
perineal ra- 
dionecrosis 





Died of compli- 
cations of ex- 
enteration for 
radionecrosis 


Alive, no evi- 
dence of 
disease 


Alive, no evi- 
dence of dis- 
ease 38 
months 

Alive, no evi- 
dence of dis- 
ease 26 
months 


Alive, no evi- 
dence of dis- 
ease 19 
months 


Alive no evi- 
dence of dis- 
ease 14 
months 


Alive no evi- 
dence of dis- 
ease 25 
months 


Alive, local re- 
currence diag- 
nosed + ex- 
cised 48 
months 


Alive, local re- 
currence diag- 
nosed 14 
months, unre- 
sectable 

Alive, no evi- 
dence of dis- 
ease 25 
months 


RV, Radical vulvectomy; BGND, bilateral inguinal lymphadenectomy. 


ceived intravenous antibiotics and prophylactic sub- 
cutaneous heparin. A template was used with each 
procedure to assist in proper distribution. All needle 
procedures were quite distal and therefore were per- 
formed without the assistance of a laparotomy. After 
stabilization in the recovery room the patients were 
transferred to the Radiation Therapy Department for 
dosimetry calculations and afterloading of the iridium 
192. After completion of delivery of the planned dose 
the needles were removed in the patient’s room while 


the patient was sedated. The patients were observed 
for an additional 12 to 24 hours and if doing well were 
discharged with instructions for local perineal care. Pa- 
tients who had undergone a bilateral lymphadenectomy 
were discharged after satisfactory healing had begun. 

Dosimetry was calculated and isodose distributions 
were done on a minicomputer. Patients were analyzed 
for total tumor dose, tumor dose delivered by intersti- 
tial needles, amount of time the needles were in place, 
percent inhomogeneity, volume >2 cm receiving high- 
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Table II. Management of radionecrosis 






Patient 
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Sexual function 





l 5 4 X 6cm introital, Wide excision with total pelvic Died of complications 34 Not applicable 
perineal exenteration, bilateral gra- days postoperative 
cilis myocutaneous flap 
grafts 
2 13 4 x 3 cm perineal, in- Wide excision with abdomino- Complete healing, asymp- Intercourse not possible 
volving anterior perineal resection and co- tomatic at 22 months 
anus lostomy right gracilis flap 
7 6 2 x 3cm right in- Wide excision with right gra- Complete healing, chronic Unable because of 
troital cilis flap local pain at 13 months pain; good anatomy 
8 24 2 x 2cmsuburethral Wide excision with anterior Complete healing at 2 Intercourse not possible 
ulcer unchanged in exenteration, right gracilis months 
24 months then un- flap 
resectable recur- 
rence within area 
9 8 2 x 2cm left perineal Biopsies and debridement Progressive disease Intercourse not possible 
ulcer unchanged in 
5 months recur- 
rence within area 
10 9 4x 3cm right peri- Temporary diverting colos- Partial breakdown left Intercourse possible af- 


neal, extending 
close to anus 


tomy, wide excision with bi- 
lateral gracilis flaps 


flap, subsequent com- 
plete healing with 
marked introital 
stenosis 


ter subsequent revi- 
sion of vagina 





dose radiotherapy, and total millicuries. Inhomoge- 
neity and volume >2 cm receiving high-dose radio- 
therapy were calculated with the use of the maximum 
dose rate that was at least 2 cm in its largest dimension. 
Inhomogeneity was calculated by dividing the differ- 
ence between the maximum dose rate and the treat- 
ment dose rate by the treatment dose rate. The volume 
>2 cm receiving high-dose radiotherapy was calculated 
by multiplying the three primary dimensions of the 
maximum dose rate. On patient follow-up, patients 
were analyzed for acute and chronic complications re- 
lated to the treatment, interval to the complication, 
management of the complication, subsequent sexual 
function, and present status. 


Results 


Some of the results are summarized in Table I. All 
patients who had undergone a bilateral inguinal lymph- 
adenectomy where found to have negative nodes on 
pathologic examination. One patient died of compli- 
cations of a total pelvic exenteration for radionecrosis 
8 months after completion of radiotherapy. The re- 
maining nine patients are alive at a mean follow-up of 
28 months (14 to 50 months). In one of these patients 
recurrent disease developed within a bed of long- 
standing, severe radionecrosis 47 months after com- 
pletion of radiotherapy and approximately 22 months 
after the development of the radionecrosis. Recurrence 
in another patient developed 14 months after radio- 
therapy, also within a bed of extensive radionecrosis 
that had developed 8 months after radiotherapy. The 
remaining seven patients have remained without evi- 


dence of recurrent disease. Severe radionecrosis de- 
veloped in four of these seven patients at 6 to 13 months 
after radiotherapy. Of the 10 total patients severe ra- 
dionecrosis developed in six at a median of 8.5 months 
(6 to 26 months) after radiotherapy (Table II). Man- 
agement of the radionecrosis ultimately required wide 
excision and coverage with flaps in five patients. This 
required exenterative surgery in three patients (in- 
cluding one of the two patients with recurrence) and a 
temporary colostomy in one patient. The second pa- 
tient with recurrence had unresectable disease. The 
four patients in whom radionecrosis has not developed 
are now at 14, 19, 26, and 38 months after radiother- 
apy. Three of these patients were among the five total 
patients who were first seen with distal vaginal carci- 
noma that occupied the introital region. Their radio- 
therapy field including the location of the interstitial 
needles overlapped markedly with those of the other 
patients. The initial tumor volume, treatment volume, 
and tumor dose also did not appear to differ markedly 
from the other patients (Table III). Because of the small 
number of patients, a statistical analysis was not ap- 
propriate. 


Comment 


Advanced malignancy arising or recurring in the vul- 
var or introital region presents difficult management 
problems. Surgical resection frequently is not feasible 
or would necessarily be ultraradical. Primary high-dose 
local radiotherapy for such cases has been used even 
less frequently. The literature is very difficult to inter- 
pret and consists of small numbers of patients, many 
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Table III. Details of interstitial radiotherapy 












Interstitial 
























tumor Total Volume >2 cm 
Patient dose tumor Hours in recewing high dose 
(radians) dose (cm?) % Inhomogenity Total millicuries 


1 2600 7100 28 0 0 156.79 
2 5640 9000 94 0 0 50 irridium 
45 radium 
(cylinder) 
3 3015 7515 28 3 16 130.1 
4 3520 8020 44 6.6 25 60 
5 3500 7500 31.8 1:7 40 103.99 
6 5685 5685 94.75 1.6 67 45.95 
id 4400 4400 88 2:2 100 44.7 
8 940 5940 24 Unable to calculate Unable to calculate Not recorded 
9 2080 7480 52 4 87.5 56.15 
10 3229 7970 25.83 0.22 140 135.9 
with locally advanced disease or significant medical for the treatment of locally advanced primary or re- 
problems, treated with a variety of techniques. Older current vulvar or introital malignancy is highly effective 
literature with regard to radiotherapy is very discour- but also highly morbid. Although recent literature on 
aging in terms of low cure rates and vulvar skin intol- this type of therapy is scant, this high degree of mor- 
erance.* ®° Some of these problems have been attrib- bidity has not been reported by others. We maintain 
uted to the use of orthovoltage. More recent literature that for patients who are first seen with resectable dis- 
with regard to newer techniques including high energy ease, strong consideration should be given to primary 
radiotherapy has been more encouraging in terms of resection even if this necessitates exenterative surgery. 
local control and morbidity.*” Still other recent reports The use of combined treatment modalities for vulvo- 
involved with various combinations of radiotherapy, vaginal and similar malignancies appears promising 
chemotherapy, and surgery have also been quite en- and deserves further investigation. In patients who are 
couraging.** '°' Most authors agree that the primary first seen with unresectable disease the use of combined 
treatment for vulvar carcinoma should be surgical. Pri- external radiotherapy and chemotherapy followed by 
mary radiotherapy has been reserved in many insti- an attempt at surgical excision would seem to be a rea- 
tutions for the treatment of locally advanced or recur- sonable alternative to the use of interstitial needles in 
rent unresectable disease, and many of the above- the hope of preventing radionecrosis. This approach 
named studies consist largely of such patients. has been successfully used by others in small series and 
Radiation therapy has been the primary mode of we have successfully used this approach on two patients 
treatment for carcinoma of the vagina. However, car- at our institution. If unresectable disease persists after 
cinoma of the vagina involving its distal most aspect, external chemoradiotherapy, interstitial needles may 
or introitus, has not been separately analyzed in terms still be the only alternative. Combined chemotherapy 
of the success and morbidity of the radiotherapy. Car- and radiotherapy has shown promise in terms of local 
cinoma of the anus shares many similarities with vulvar control, especially for squamous cell carcinomas of the 
and lower vaginal carcinoma. Primary radiotherapy genital tract as well as other sites. However, the com- 
with intent to cure has also been used to treat anal bined therapy also may be associated with an increased 
carcinoma in an effort to avoid a permanent colostomy. risk of complications.” Severe radionecrosis developed 
Recent reports with regard to high energy radiotherapy in three of the four patients in the present series who 
with newer delivery techniques in patients with local- received chemotherapy. When combination therapy is 
ized disease <4 cm have yielded results similar to sur- used, the combined effect should be taken into account 
gical resection.” Although previous studies in which when planning the radiation tumor dose. 
brachytherapy or teletherapy were used alone reported 
radionecrosis in up to 25% of the patients, recent series REFERENCES 
with combined external and interstitial radiotherapy 1. Cavanagh D, Shepherd JH. The use of pelvic exenteration 
for anal carcinoma have reported radionecrosis in <5% in the primary management of advanced carcinoma of 
of the cases. During the past decade good results also the vulva. Gynecol Oncol 1982;13:318-22. ; 
h b baned en f Deed ih 2. Nobler MP. Efficacy of a perineal teletherapy portal in 
aye bin 9 RAEG WI : Bep re cae eau the management of vulvar and vaginal cancer. Radiology 
therapy and external radiotherapy without an in- 1972;103:393-7. 
creased incidence of complications. ’® 3 Helgason NM, Hass AC, Latowrette HB. Radiation ther- 
i = apy in carcinoma of the vulva. Cancer 1972;30:997-1000. 
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Pneumatometra 


David Muram, MD," Helen T. Winer-Muram, MD, and Christine Gale, MD* 


Memphis, Tennessee 


We report a patient who had a significant amount of gas distending the uterine cavity. Severe cervical 
stenosis was noted at the time that curettage was performed. Because of the cervical stenosis, gas was 
trapped within the endometrial cavity. (Am J OssTeT GYNECOL 1990;162:1282-3.) 


Key words: Endometritis, cervical stenosis, pneumatometra 


In an adult patient the anterior and posterior walls 
of the uterus lie in apposition so that little if any actual 
cavity is present. We report a case in which the patient 
was found to have a significant amount of gas filling 
and distending the uterine cavity. 


Case report 


An 89-year old black woman complained of painless 
vaginal bleeding for 2 days before admission. The pa- 
tient suffered from mild hypertension and her medi- 
cations included dipyridamole (Persantine) and ibu- 
profen. The patient was febrile (99.9° F). Gynecologic 
evaluation revealed bilateral adnexal tenderness and a 
small quantity of dark blood in the vagina. The uterus 
and adnexa were not palpable. Attempts at endometrial 
sampling failed because of significant stenosis of the 
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cervical os. The patient was admitted with a presump- 
tive diagnosis of pyometra and was treated with cefo- 
tetan disodium (Cefotan). A computed tomographic 
examination revealed an enlarged uterus measuring 
12 X 8 cm with normal tissue planes. The uterus was 
distended with a large amount of gas (Fig. 1). Curettage 
was performed the next day. Severe cervical stenosis 
was noted. Curettings consisted on only scant endo- 
metrial tissue; histologic examination showed benign 
endometrial tissue with inflammatory reaction. Esche- 
richia coli was the predominant organism isolated from 
cultures obtained from the endocervical canal. The pa- 
tient returned to the clinic 6 weeks later. A pelvic ul- 
trasonogram confirmed the presence of small amount 
of gas in the uterus. Repeat biopsy specimens revealed 
benign atrophic endometrium. Results of a hystero- 
salpingogram and barium enema were normal. The 
patient remains asymptomatic. 


Comment 


The presence of gas in the uterine cavity may be the 
result of a fistulous tract between the bowel and the 
uterus, entry of gas during intercourse or uterine in- 
strumentation, and possibly, an infection with gas- 
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Fig. 1. Enhanced computed tomographic scan of the pelvis revealed an enlarged gas-distended 


uterus. No definite abscess cavity or fistula was identified. 


forming organisms. In this patient we assume that the 
uterine cavity was colonized with gas-forming organ- 
isms and the gas was trapped within the endometrial 
cavity because of the cervical stenosis. 

Although distention of the uterine cavity as a result 
of endometritis caused by gas-forming organisms has 
not been previously described, similar infections af- 
fecting other hollow viscera, gallbladder, and urinary 
tract have been reported. Obstruction by a stone will 
prevent the exit of gallbladder bile and secretions. Su- 


pervening infection by gas-producing organisms gas 
and pus will collect within the gallbladder. 
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Coexistence of mucinous cystadenoma of the ovary and 


ovarian sarcoidosis 


Alexander White, MB," Nicolaos Flaris, MD,” David Elmer, MD,‘ Raymond Lui, MD, and 


Barry L. Fanburg, MD* 


Boston, Massachusetts 


A case of ovarian and systemic sarcoidosis with mucinous cystadenoma coexisting in the same ovary is 
described. This association has not been previously reported. The differentiation of systemic sarcoidosis 
from metastatic spread of ovarian cancer and from sarcoid-like reactions in regional lymph nodes of 


tumors is discussed. (AM J OssTET GYNECOL 1990;162:1284-5.) 


Key words: Sarcoidosis, mucinous cystadenoma, ovary 


Sarcoidosis is a multisystem disease of unknown 
cause characterized histologically by the presence of 
noncaseating granulomas. Reports of genitourinary 
sarcoidosis are rare, particularly in women, with only 
two cases of ovarian sarcoidosis recorded. We present 
a case in which a coexistent ovarian cyst led to ovarian 
parenchymal biopsy and subsequent diagnosis of sar- 
coidosis. 


Case report 


A 32-year-old single woman was seen with a 9-month 
history of abdominal swelling and reported weight gain 
of 15 pounds; she was otherwise asymptomatic. The 
history was unremarkable. Abdominal examination re- 
vealed a large, tender mass arising in the pelvis and 
extending 25 cm from the symphysis pubis. There was 
no evidence of ascites. The remainder of the exami- 
nation was unremarkable. 

Chest x-ray films showed mediastinal and bilateral 
hilar lymphadenopathy. Computed tomographic scan 
of the chest confirmed anterior, middle, and posterior 
mediastinal and bilateral hilar adenopathy. In addition, 
enlarged left supraclavicular lymph nodes were noted. 
Both adrenal glands were normal. The tuberculin test 
was negative. The serum angiotensin-converting en- 
zyme level was 70.6 U/L (normal range, 10 to 50 
U/L). 

At laparotomy the left ovary was replaced by a large 
25 x 30 cm multiloculated cystic mass. The paraaortic 
lymph nodes were palpably enlarged in a chain ex- 
tending from the aortic bifurcation to the renal arteries. 
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A left salpingo-oophorectomy, wedge resection of the 
right ovary, and partial omentectomy were performed 
and multiple paraaortic lymph node biopsy specimens 
were obtained. Pathologic study revealed an ovarian 
mucinous cystadenoma of borderline malignancy, with 
multiple noncaseating granulomas and giant cells of 
Langerhan’s type present in the tumor just below the 
neoplastic epithelium (Fig. 1). Biopsy of the paraaortic 
lymph nodes revealed similar noncaseating granulomas 
and giant cells. Peritoneal fluid washings, peritoneal 
and omental biopsy specimens, and right ovarian bi- 
opsy specimen showed no evidence of malignancy. 

The patient did well postoperatively and was dis- 
charged home for convalescence. She did not receive 
further treatment for sarcoidosis. Follow-up chest 
x-ray films 2 months later showed partial resolution of 
the bilateral hilar lymphadenopathy. She remains 
asymptomatic 1 year later and the hilar lymphadenop- 
athy continues to regress. 


Comment 


Sarcoidosis of the female genital tract is extremely 
rare, and there are only two cases of sarcoidosis of the 
ovary reported in the literature.''* In both cases the 
patients had documented sarcoidosis and presented 
with postmenopausal bleeding. Sarcoidosis of the ovary 
in each case was noted as an incidental finding after 
hysterectomy and salpingo-oophorectomy. 

The diagnosis of sarcoidosis in this case was made 
on the basis of noncaseating granulomas in the ovary 
and paraaortic lymph nodes, mediastinal and bilateral 
hilar lymphadenopathy, negative tuberculin test, and 
elevated serum angiotensin-converting enzyme level. 
Extensive stains and cultures for microorganisms were 
all negative. 

Sarcoidosis of the uterus has been reported in as- 
sociation with cervical carcinoma in situ and uterine 
leiomyomas. This is the first reported case of ovarian 
sarcoidosis occurring in association with mucinous cyst- 
adenoma of the ovary. The most likely explanation of 
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Fig. 1. Representative area of the tumor shows a row of small noncaseating granulomas (arrow) just 
below the neoplastic epithelium. (Original magnification x 40.) Inset, High-power view of a granu- 
loma shows giant Langerhan’s cell. (Original magnification x 100.) 


this association in the previously reported cases and in 
this case is that sarcoidosis of the uterus and ovaries 
remains asymptomatic and is only diagnosed when 
some other process draws attention to the involved 
organ. 

The important differential diagnosis in this case was 
stage III carcinoma of the ovary with metastatic spread 
to paraaortic and mediastinal lymph nodes. The ovar- 
ian tumor in this case was graded as a borderline ma- 
lignant cystadenoma with no evidence of local or distant 
metastases at staging laparotomy. Mucinous adenocar- 
cinoma of the ovary, by comparison, is a surface- 
spreading tumor and hence, one would have expected 
to see evidence of local involvement at staging lapa- 
rotomy if this large tumor had been frankly malignant. 

Sarcoid reactions, characterized by noncaseating 
granulomas, may occur in a number of primary tumors 
and particularly in regional lymph nodes, regardless of 
whether the lymph nodes contain metastases. They 


have not been described in association with carcinoma 
of the ovary, and it seems very unlikely that they would 
occur in association with a borderline malignant cyst- 
adenoma of the ovary. Furthermore, more generalized 
granulomatous lymph node involvement, as seen in this 
patient, has not been associated with malignancy. 

We believe this patient had systemic sarcoidosis that 
was coexistent with a borderline malignant cystade- 
noma in the same ovary. The case illustrates how co- 
incidental systemic sarcoidosis may mimic metastatic 
spread of a tumor. 


We thank Sonia Alexander for photographic assis- 
tance. 
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Gestational trophoblastic disease: What have we learned in the 


past decade? 


Walter B. Jones, MD 
New York, New York 


Hydatidiform moles can be classified into two distinct entities: complete and partial. Complete moles are 
androgenetically derived, are characterized by a predominance of the 46,XX karyotype, and are associated 
with a significantly higher incidence of malignant sequelae than are partial moles. A subset of complete 
moles resulting from dispermy are heterozygous (46,XY) and appear to be associated with the greatest 
risk of malignancy. Free subunits of human chorionic gonadotropin, B core fragments, and acidic variants 
of human chorionic gonadotropin can now be readily measured by radioimmunoassays, 
fluoroimmunoassays, or isoelectric focusing techniques. Determination of these markers can be of value 
not only in monitoring response to therapy, but also as prognostic indicators. A subgroup of patients, 
traditionally classified as “high risk” or poor prognosis, who show poor responses to conventional 
combination chemotherapy have recently been designated as “ultra-high-risk” patients. They require more 
complex chemotherapy and possibly surgery and radiotherapy to achieve remission. The development of 
chemotherapy over the past decade, including the introduction of etoposide and cisplatin into current 
protocols and the treatment of patients with advanced gestational trophoblastic disease, are considered in 


this review. (AM J OssTET GYNECOL 1990;162:1286-95.) 


Key words: Hydatidiform mole, trophoblastic disease, chemotherapy 


One year ago when I began to think about a topic 
for this address, I remembered once reading that such 
a presentation should consider an area of concern to 
the audience about which the speaker is an expert. 
Because an expert is defined as a person with a high 
degree of knowledge or skill in a particular field (i.e., 
an authority), it occurred to me that whatever topic I 
settled on, in this the 125th anniversary celebration of 
this Society, could be considered pretentious. On the 
other hand, it seemed to me that the definition of 
experience—one’s personal knowledge derived from 
participation or observation—might suggest a possible 
if not plausible subject. And so this presentation was 
decided upon. 

I would be remiss if at this time I failed to express 
my gratitude to Dr. John L. Lewis, Jr., who introduced 
me to the study of trophoblastic tumors when I became 
a Fellow at Memorial Hospital in New York in 1968. 
Indeed, he continues to provide expert advice. In fact, 
his Presidential address given before this Society 10 
years ago, “Treatment of Metastatic Gestational Tro- 
phoblastic Neoplasms,” was an important resource in 
my preparation for this article. 

This discussion will make no attempt to address all 
of the advances made in the study and treatment of 
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trophoblastic tumors in the past decade, as clinical suc- 
cesses over this time have been matched by numerous 
advances in the laboratory. I will focus instead on four 
areas in which new knowledge appears to have had an 
impact on current management strategies and probably 
on patient survival: the biology of hydatidiform moles, 
assays for human chorionic gonadotropin (hCG), the 
drugs etoposide (VP-16) and cisplatin, and approaches 
to the management of the high-risk patient. 

For purposes of organization, recent new insights 
about the biology of hydatidiform moles will be dis- 
cussed first. We have learned that hydatidiform moles 
may be classified into two distinct entities (complete and 
partial moles) and that certain cytogenetic features of 
a subset of complete moles may be predictive of malig- 
nant sequelae. Because hCG functions as a specific tu- 
mor marker in patients with gestational trophoblastic 
disease, a brief review of some of the newer hCG assays 
that allow more precise measurement of the hormone 
and its subunits will then be presented. We have learned 
that normal levels of hCG in the serum 6-hCG assay 
may not always signify the absence of viable trophoblast 
and that the level of production of the free B subunit 
and certain variants of hCG may have prognostic sig- 
nificance. Following this, two new chemotherapeutic 
agents, etoposide (VP-16) and cisplatin, will be briefly 
highlighted. These agents have been integrated into 
current treatment protocols and have had a significant 
impact on prognosis. Finally, we have learned that there 
exists among patients traditionally classified as “high- 
risk” or poor prognosis, a subgroup of patients who 
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show poor responses to treatment with conventional 
combination chemotherapy. These “ultra-high-risk” 
patients require more complex chemotherapy and pos- 
sibly surgery and radiotherapy to achieve remission. 


The biology of hydatidiform moles 


Hydatidiform mole, invasive mole, and choriocarci- 
noma are neoplasms that originate in the fetal chorion. 
According to Hertz,’ the benign hydatidiform mole 
represents the beginning of a disease continuum, 
whereas the highly malignant choriocarcinoma repre- 
sents the end of the spectrum. The term hydatid, first 
used by Aetius of Amida in the 6th century Ab,’ might 
have been applicable six centuries later, when the 
Countess Margaret of Flanders is said to have brought 
forth at one birth 365 infants, of whom 182 were sol- 
emnly baptized John and 182 Elizabeth, and the odd 
one, adjudged a hermaphrodite, was buried without 
baptism.® However uncertain the origin of this story, it 
nevertheless suggests that interest in the sex of hyda- 
tidiform moles is more than a contemporary curiosity. 
Indeed, it has been known for many years, on the basis 
of the presence of sex chromatin, that most hydatidi- 
form moles are female. In a collected series of hyda- 
tidiform mole sex chromatin studies, Lawler‘ reported 
a 90% overall frequency of chromatin-positive cases. 
The remaining 10% of cases were assumed to be male. 
Such findings have always constituted an enigma be- 
cause one would expect a 50:50 ratio of chromatin- 
positive to chromatin-negative cases. In 1976 Vassilakos 
and Kaji’ classified hydatidiform moles for the first 
time into two distinct entities (complete and partial 
moles) and indicated that certain morphologic and cy- 
togenetic features of moles may be predictive of sub- 
sequent proliferative sequelae. They observed that 
complete moles were characterized by the exclusive oc- 
currence of the female karyotype, 46,XX. There was 
an absence of normal villi; the lack of an embryo, cord, 
or amniotic membranes; and the presence of marked 
trophoblastic hyperplasia and anaplasia. Partial moles 
were associated with a fetus, cord, and/or amniotic 
membrane; the absence of trophoblastic cell anaplasia; 
marked hyperplasia; and karyotypes that included tri- 
somies, triploidy, and tetraploidy. Significantly, accord- 
ing to their findings on follow-up of the cases, only 
complete moles had the potential for malignant se- 
quelae. 

In 1978 Szulman and Surti® reported that hydatidi- 
form moles could be divided into two distinct syn- 
dromes. They described the complete or classic mole 
without a discernable embryo or fetus and with a dip- 
loid karyotype, and the partial mole in which there was 
an ascertainable fetus and a triploid karyotype. Com- 
plete moles appeared clinically as missed abortions usu- 
ally during the second trimester, whereas partial moles 
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presented in the first trimester or rarely as spontaneous 
abortions. Subsequent cytogenetic, morphologic, and 
clinical studies have firmly established that complete 
and partial moles may be distinguished not only with 
respect to the predominance of the 46,XX karyotype 
of complete moles, but also by the greater risk of ma- 
lignancy after a complete mole.”® Nevertheless, expe- 
rience with patients requiring chemotherapy after evac- 
uation of a partial mole emphasizes the need to monitor 
these patients closely, as their risk may not be insignif- 
icant.*!? 

The technique of fluorescent staining of chromo- 
somes was developed in 1971 by Casperson et al., who 
demonstrated that by using quinacrine staining (Q 
banding), each chromosome in the human karyotype 
could be made to display a characteristic banding pat- 
tern that allowed its precise identification. Several other 
fluorescent banding techniques have been subsequently 
developed: Geisma staining (G banding) and staining 
the centromere region preferentially using Geisma 
stain (C banding) and Acridine orange (R banding). 
Although most bands are constant for all individuals, 
secondary constrictions on certain chromosomes and 
the centromeric regions vary in size and staining in- 
tensity from person to person. Studies of chromosomal 
banding polymorphisms by Kajii and Ohama"™ in 1977 
revealed that complete moles had only paternal chro- 
mosomes and that all of their cases had a 46,X%.X karyo- 
type (androgenesis). Their findings were subsequently 
confirmed by others, who again documented that a ma- 
jority (92% to 96% of complete moles) had a 46,XX 
karyotype and approximately 4% to 8% had a 46,XY 
karyotype.» © According to Yamashita et al,” the 
mechanism of androgenesis involves duplication of the 
haploid genome (23,X) of a single sperm in the absence 
of maternal chromosomes due to either inactivation or 
absence of the egg nucleus. Because a cell must have 
at least one X chromosome to survive, the prevalence 
of the 46,XX karyotype can therefore be accounted for 
by the nonviability of the YY conceptus. The subset of 
complete moles having a 46,XY karyotype has since 
been shown by Surti et al.'* and others'*” to result from 
fertilization of the “empty ovum” by two spermatozoa 
({dispermy). 

Polymorphic allozymes are genetically determined 
variants that are identifiable by electrophoresis. These 
polymorphisms are inherited in a Mendelian fashion 
and can be confirmed by segregation analysis among 
different members of a family. Lawler et al.” and 
others® have used this technique to document the an- 
drogenetic origin of complete moles. An analysis of the 
inheritance of the allozymes glucose 6-phosphate de- 
hydrogenase and esterase-D is an excellent illustration 
of this approach to determining the parentage of 
moles.” Human leukocyte antigen typing of molar and 
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parental cells makes use of yet another polymorphic 
system to determine the genetic origin of hydatidiform 
moles.” ; 

By far the most efficient method of determining the 
origin of moles is that of restriction fragment length 
polymorphisms. Restriction enzymes are site-specific 
endonucleases that recognize six or four base sequences 
and cut deoxyribonucleic acid (DNA) at that point. The 
technique developed by Southern in 1975, and known 
as the Southern blot, can reveal a loss or a gain of a 
restriction site in the DNAs of different individuals.” 
DNA polymorphisms have been used successfully in the 
diagnosis of many genetic disorders and more recently 
in determining the orgin of complete moles. For ex- 
ample, Wallace et al.” used restriction fragment length 
polymorphisms to study the parentage of three moles 
and found in all three cases that the mitochondrial DNA 
was, as expected, maternally derived. The chromo- 
somes of the moles, on the other hand, were exclusively 
paternal in origin, proving that the moles arose from 
fertilization by one or more sperms with an anucleate 
ovum. Ina similar study of six complete moles, Edwards 
et al.” once again found the mitochondrial DNA to be 
maternal in origin, with no contribution from the 
sperm, whereas the nuclear genome was shown to be 
exclusively paternal in five cases. 

The difference in the mechanism leading to the for- 
mation of complete moles has raised the question as to 
whether the risk of subsequent malignancy is influ- 
enced by the mole’s zygosity. Although reports in the 
literature are conflicting, evidence suggests that a 
higher frequency of malignancy follows a heterozygous 
complete mole. The reported magnitude of the risk 
ranges between 20% and 60%, compared with an av- 
erage of less than 20% for homozygous moles.'**!*? For 
this reason, some authors have recommended prophy- 
lactic treatment of patients with heterozygous moles. It 
has been suggested that malignancy after a mole could 
be the result of a recessive mutation of genetic factors 
that control cell growth, and when homozygous for the 
mutation may escape normal control mechanisms.” 
The apparent high malignancy rate of dispermic het- 
erozygous XY moles seems to be inconsistent with this 
view. Hopefully studies in the next decade will answer 
the question of whether the rate of malignancy is in 
fact higher after XY moles and provide some insight 
into the mechanism of malignant transformation. Re- 
cent demonstration of the mye and ras oncogene expres- 
sion by in situ hybridization studies of hydatidiform 
moles may contribute new knowledge and answers to 
such questions in this fertile area of investigation.” 5 


Assay of human chorionic gonadotropin 


Gestational trophoblastic neoplasms are unique in 
that they consistently produce hCG when viable tumor 
is present. hCG is a glycoprotein consisting of two dis- 
similar noncovalently linked polypeptide subunits with 
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attached carbohydrate side chains.** * The subunits 
(designated a and B) are essentially without biological 
activity as individual free subunits. The primary struc- 
ture of a subunits of all glycoprotein hormones are 
nearly identical and consist of 89 to 92 amino acid res- 
idues in identical sequences. The B subunits, on the 
other hand, have similar yet distinctive amino acid con- 
tents and sequences and confer both immunologic and 
biologic specificities.** It is noteworthy that 80% of the 
first 115 amino terminal residues of the hCG B subunit 
are identical to those of the human leutinizing hormone 
(hLH) B subunit. This similarity in structure accounts 
for the well-known cross-reaction between hCG and 
hLH in all biologic and nonspecific radioimmunoassays. 
The B subunit of hCG, however, also differs by con- 
taining an additional 30 amino acid residues and a car- 
boxy terminal sequence that is distinctive.°°" 

In 1972, Vaitukitis et al. developed a radioimmu- 
noassay specific for hCG and its B subunit in serum or 
plasma, which allowed clinicians to differentiate low 
levels of hCG for pituitary hLH. Because this assay 
utilizes an antiserum generated against hCG 8, it is 
commonly referred to as a B subunit assay. This des- 
ignation, however, is misleading because it implies that 
only hCG 8 is being measured, when in fact both hCG 
and hCG B are detected. Moreover, because the plasma 
half-life of hCG is approximately 100 times longer than 
that of hCG B, the predominant molecular species mea- 
sured is hCG. The value of this assay in monitoring 
patients with gestational trophoblastic disease has been 
confirmed by many investigators.” 

In the Jate 1970s many investigators***? developed 
new, highly sensitive urinary radioimmunoassays for 
hCG that could detect hCG when serum or plasma 
radioimmunoassays were negative. When controlled 
for low values of hCG detectable in the urine of normal 
subjects, such assays clearly enabled the identification 
of persistent tumor activity and thus the need for fur- 
ther therapy. Also during this period, several investi- 
gators observed that the presence of free a and free B 
subunits in serum, urine, or tumor extracts were an 
expression of more severe malignancy. For example, 
Dawood et al.” reported in 1977 that « subunit levels 
increased while hCG and hCG 8 levels decreased or 
became undetectable in patients with choriocarcinoma 
in whom cerebral metastases eventually developed. In 
1980 physicians at the Southeastern Trophoblastic Dis- 
ease Center recommended the routine measurement 
of the a subunit in patients successfully treated to iden- 
tify patients who require additional chemotherapy or 
more intensive follow-up." 

In the 1980s, as a result of rapidly expanding mono- 
clonal antibody technology, radioimmunoassays have 
become readily available that distinguish free B-subunit 
hCG in the presence of intact hCG. With these assays 
it has been possible to demonstrate that the ratio of 
free hCG f to total hCG 8 is markedly higher in patients 
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who develop high-risk metastatic gestational tropho- 
blastic disease than in patients with hydatidiform moles 
or persistent trophoblastic disease in the low-risk cat- 


egory.”:** Such findings suggest that excessive produc- ` 
tion of the free B subunit of. hCG may be useful in’ 


identifying patients who should be assigned to the high- 
risk category. y 
Urine from pregnant women contains several pep- 
tides related to hCG; the principle moieties include 
hCG, its free subunits, and a population of fragments 


of the hCG $ subunit called B core molecules. These. 


fragments are also present.in the urine of patients with 
gestational trophoblastic disease. Potential applications 


of the B core radioimmunoassay in patients with ges- 


tational trophoblastic disease include monitoring re- 
sponse to therapy. In fact, the presence of these mol- 
ecules in some patients who have undetectable serum 


and urine hCG may be the sole marker indicating per- 


sistent disease. In the last 2 to 3 years an intense 
amount of research activity has centered around the 
application of highly sensitive immunoassays for the B 
core fragment in the study of a variety of nontropho- 
blastic malignancies. Detectable levels of these frag- 
ments have been reported in patients with cervical can- 
cer (70%), ovarian cancer (73%), and endometrial can- 


cer (77%).*" For completeness, the recently available ` 
fluoroimmunoassays for hCG using a two-monoclonal — 


antibody technique are very rapid and highly sensitive. 


These assays, in which one-antibody is labeled with . 


europium (whose fluorescence can be measured with 


very high sensitivity and low background by time-. 


resolved fluorometry), have the distinct advantage of 
not requiring laboratory equipment for the handling 
of isotopes.** * Similarly, highly sensitive and specific 
“sandwich-type” enzyme immunoassays, in which two 
monoclonal antibodies are directed against different 
epitopes of the hCG molecule, are now available that 
utilize enzymes such as B-galactosidase or alkaline phos- 
phatase as labels instead of isotopes. Finally, it has 
been recently observed that patients with advanced cho- 
riocarcinoma contain in their sera unique acidic vari- 
ants of hCG in levels that are significantly higher than 
those in pregnant women or patients with hydatidiform 
mole or invasive mole. In a group of five patients with 
choriocarcinoma reported by Yzaki et al., four had 


isoelectric focusing analysis of their sera that showed . 


high levels of these variants before treatment. None of 
these patients responded to chemotherapy and all died 
within 2 years after diagnosis. It appears that deter- 
mining these variants-may be useful not only in eval- 


uating the efficacy of therapy but also as prognose, 


indicators. 


Etoposide and cisplatin 


New drugs and drug combinations have become 
available since the documentation three decades ago of 


the effectiveness of methotrexate and actinamvrin D 
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in treating gestational trophoblastic disease. Multi- 


-ple agents with different spectrums of toxicity and dif- 


ferent mechanisms of action are currently administered 
in an effort to diminish morbidity and reduce the pa- 
tient’s risk of developing a drug-resistant tumor. Dur- 
ing the past decade two new chemotherapeutic agents, 
VP-16 and cisplatin, have been shown to be among the 
most active agents yet tested for the treatment of tro- 
phoblastic tumors. 

- Podophyllotoxin i is an extract aces from the roots 
of plants belonging to the genus Podophyllum. This 
agent was found as early as 1946 to have antitumor 
activity, but excessive toxicity prevented its clinical use. 
Modification of the molecule, however, yielded two 


-.compounds, VP-16-213 (etoposide) and VM-26 (teno- 
` poside), which are less toxic and have ee activity 


against a variety of tumors.” 
Etoposide induces dose- -dependent breaks in single- 
stranded : DNA, an action thought to come about 


' through the interaction with Topoisomerase II, which 
` can reversibly cleave one or both DNA strands.®®® To- 


poisomerase II forms a stabilized complex with DNA 
in the presence of etoposide, with the resulting strand 


‘breaks occurring in proportion to the etoposide con- 


centration and does not involve binding of the drug to 
DNA.” Renal clearance accounts for approximately 
36% of an etoposide dose, with the fate of the remain- 
ing percentage unclear, although 16% of a dose is ex- 
creted in bile”! and metabolism of the drug is thought 
to account for part of its elimination. Etoposide was 
introduced into clinical trials in the United States in the 
early 1970s. At the doses commonly used, the only fre- 
quent toxicity observed is myelosuppression, which is 
dose limiting.” Nausea and vomiting are mild and pe- 
ripheral neuropathy is rare. Although mucositis and 
diarrhea are common, they are not usually severe. In 
1977 Bagshawe” observed that within 2 weeks of its 
first use, it was clear that VP-16-213 was a powerful 
drug in gestational choriocarcinoma. According to 
Newlands and Bagshawe,” the main drawback with eto- 


` poside is the marked but reversible alopecia that is in- 


duced in almost all patients. 

Cisplatin was discovered serendipitously by Dr. Bar- 
rett Rosenberg in the 1960s. He observed that an al- 
ternating current passed through a platinum electrode 
inhibited bacterial growth.” The cis isomer, cisplatin, 


-found in-the bacterial medium is now considered to be 


one of the most important new chemotherapeutic 
agents of. the past decade. It is also one of the most 
toxic. Cisplatin, in contrast to its trans isomer, destabil- 
izes DNA causing inter- and intrastrand cross-links 
inhibiting DNA replication.” The most important dose- 
limiting toxicity is renal dysfunction, although ototox- 
icity, neurotoxicity, and vomiting can be severe.” 
Several investigators, however, have shown that hyper- 
hydration and the administration of hypertonic saline 
solution allows hish doses of cisnlatin to he iven with- 
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out a marked decline in renal function.” Phase | clinical 
trials of cisplatin were begun in the United States in 
1971 and the drug was approved for the treatment of 
malignant disease in 1978. Its use in drug-resistant ges- 
tational choriocarcinoma was begun at Charing Cross 
Hospital in 1976, where the efficacy of cisplatin was 
most evident when the drug was used in combination 
chemotherapy regimens. In view of the side effects, 
however, some authors continue to limit the use of this 
drug to patients who have become resistant to all other 
cytotoxic chemotherapy. 

The role of VP-16 and cisplatin in current therapy 
will be considered later in this presentation. 


Classification and management of the 

high-risk patient 

That certain patients with metastatic disease were at 
high risk of treatment failure when treated with single- 
agent chemotherapy consisting of methotrexate or ac- 
tinomycin D was reported by Ross et al.” in 1965. These 
patients had a long disease history and markedly ele- 
vated gonadotropin excretion. The site of metastases 
was subsequently noted to be an important risk factor. 
Over the years various classification systems have been 
developed to assess a patient’s risk of treatment failure, 
but none has been universally applied. Because treat- 
ment results and treatment protocols (to be discussed 
later) are based on differing classifications, it may be 
useful at this time to review briefly some of the more 
commonly used systems. 

The clinical classification used by investigators at the 
Southeastern Trophoblastic Disease Center separates 
patients with metastatic disease into “good” and “poor” 
prognostic categories.” Any one or more of the follow- 
ing factors assigns a patient to the “poor prognosis” 
group: (1) pretreatment hCG titer >100,000 IU/24 hr 
in urine or >40,000 mIU/ml in serum; (2) period 
longer than 4 months since the antecedent pregnancy; 
(3) antecedent term pregnancy; (4) brain and/or liver 
metastases; and (5) prior chemotherapeutic failure. 
Other patients with metastatic disease are placed in 
the “good prognosis” category. Using similar criteria, 
the classification of patients with metastatic disease 
at Memorial Hospital separates patients into low-, 
moderate-, and high-risk groups. In this classification, 
an antecedent term pregnancy in the absence of other 
high-risk factors does not place a patient in the high- 
risk group. 

A more comprehensive scoring system has been de- 
vised by Bagshawe,*' in which a variety of factors af- 
fecting prognosis are assigned numeric values. The to- 


tals are then used to divide patients into low- (less than’ 
60), medium- (60 to 90), and high- (100 or above) risk‘ 
groups. This classification, which is difficult to apply in. 


some hospitals, can identify patients with a good prog- 
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nosis who in other systems would be categorized as 
having a poor prognosis. At the same time, however, 
patients with nonmetastatic disease who are known to 
have an excellent prognosis may be classified, at least 
theoretically, into a higher risk category. More recently, 
the combination of anatomic staging and prognostic 
scoring used by the World Health Organization has 
gained in popularity.® Retrospective analysis of survival 
data using this scoring system has enabled the identi- 
fication of a subset of patients within the traditional 
high-risk group who account for most deaths from ges- 
tational trophoblastic’ disease. These patients have a 
prognostic score of eight or greater and have been re- 
cently designated as ultra-high-risk patients. The score 
is obtained by adding individual scores for each prog- 
nostic factor: age, type of antecedent pregnancy, in- 
terval between the end of the antecedent pregnancy 
and the start of chemotherapy, hCG level, ABO groups 
(female X male), size of largest tumor, site of metas- 
tases, number of metastases, and prior chemotherapy. 

To decrease the incidence of drug resistance, the 
CHAMOMA protocol (consisting of cyclophospha- 
mide, hydroxyurea, actinomycin D, methotrexate, on- 
covin, melphalan, and adriamycin) was devised by Bag- 
shawe in the early 1970s for patients classified accord- 
ing to his scoring system as high-risk cases. The last 
two drugs in this 8- to 9-day schedule, melphalan 
and adriamycin, were found to be excessively myelo- 
suppressive and were later replaced by cyclophospha- 
mide and actinomycin D, resulting in the well known 
CHAMOCA regimen. With the use of CHAMOCA, a 
remission rate of 75% (24 of 32) was achieved in high- 
risk patients.” A retrospective analysis of high-risk pa- 
tients treated at that institution with single-agent meth- 


_ otrexate and folinic acid alone as first therapy showed 


that only 29% of patients survived. The CHAMOCA 
regimen was also found to be effective in patients who 
had developed resistance after less complex combina- 
tion therapy. 
This protocol and others to follow are being reviewed 
to illustrate the evolution and complexity of modern 
chemotherapy in the management of patients with ad- 
vanced gestational trophoblastic disease. The impor- 
tance of administering appropriate initial therapy 
based on a patient’s risk of developing a drug-resistant 
tumor was documented by Hammond et al.” in 1975, 
who reported that 70% of patients with a poor prog- 
nosis treated initially with combination chemotherapy 
achieved remission; compared with 14% of patients 
who received combination chemotherapy after resis- 
tance to single-agent therapy had developed. Similar 
results have been reported by others, with the result 
that combination chemotherapy has become the stan- 
dard treatment of high-risk patients.** Experienced cli- 
nicians are now well aware of the fact that, although 
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an initial response to single-agent chemotherapy may 
be observed in many high-risk patients, the response is 
not likely to be sustained and the use of combination 
chemotherapy after resistance has developed is not 
likely to be successful. 

Over the past decade, at least in the United States, 
the combination regimen consisting of methotrexate, 
actinomycin D, and an alkylating agent (MAC) has been 
the most widely used treatment for patients with high- 
risk or poor-prognosis gestational trophoblastic disease. 
Overall, this regimen has produced survival rates of 
70% to 80%. Thus neither the MAC or the CHAMOCA 
regimen is adequate treatment for all high-risk patients. 
Further evidence that these regimens are less than 
optimal was recently documented in a Gynecologic 
Oncology Group study reported by Curry et al.* In 
this randomized comparison of methotrexate, actino- 
mycin D, and chlorambucil (MAC) versus methotrex- 
ate, actinomycin D, cyclophosphamide, doxorubicin, 
melphalan, hydroxyurea, and vincristine (modified 
CHAMOMA) in poor-prognosis metastatic gestational 
disease, 16 (73%) of the 22 patients treated with 
MAC attained remission with their primary therapy, 
while 13 (65%) of the 20 patients receiving modified 
CHAMOMA did so. Overall remission rates using 
secondary therapies for the MAC and modified 
CHAMOMA regimens in this study were 95% and 70%, 
respectively. The MAC regimen, however, was clearly 
associated with less toxicity, with 9% of patients expe- 
riencing life-threatening hematologic toxicity com- 
pared with 44% in the modified CHAMOMA group. 

To reduce the incidence of primary treatment failure 
in high-risk patients, Berkowitz et al." devised the MAC 
111 regimen and achieved a 68.4% primary remission 
rate and a 84.2% overall remission rate. The MAC 111 
regimen uses a higher dosage of methotrexate and ac- 
tinomycin D and is considered to be associated with 
acceptable levels of hematologic and hepatic toxicity. 
Because this regimen induces remissions after shorter 
exposure to chemotherapy, it has been recommended 
as a suitable alternative to standard MAC for high-risk 
patients. l 

Despite the significant improvement in survival 
achieved by the initial use of combination chemother- 
apy in high-risk or poor-prognosis patients, the relative 
lack of success in altering the outcome in many patients 
once drug resistance has occurred continues to be one 
of the major challenges to clinicians. A modification of 
the CHAMOMA protocol, in which the drugs in the 
original protocol were used in a different sequence with 
additional vincristine, was used at Memorial Hospital 
to treat eight patients who were resistant to triple ther- 
apy. All of the patients experienced an initial response, 
but only two patients achieved sustained remission. In 
1980 Surwit and associates modified the Bagshawe 
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CHOMOCA protocol (essentially by the incorporation 
of additional actinomycin D) and reported that five of 
six patients who had developed resistance to triple ther- 


apy achieved remission. However, in a subsequent re- 


port from the same institution by Weed et al,” this 
protocol achieved a remission rate of only 56%. 

While other drugs and drug combinations have been 
investigated during the past decade, no clear thera- 
peutic advance was documented until VP-16 became 
available. Newlands and Bagshawe*® initially reported 
on two patients with drug-resistant choriocarcinoma 
who responded to VP-16 given after a bleomycin in- 
fusion. After this, nine responses (defined as greater 
than log fall in serum hCG) and seven improvements 
(greater than 50% fall in serum hCG) were achieved in 
26 drug-resistant patients treated with VP-16 alone. 
Among a total group of 31 patients, there were 11 
(35%) responses and nine (29%) improvements with 
VP-16 alone or in combination with methotrexate and 
vincristine or after a bleomycin infusion.” These in- 
vestigators integrated VP-16 into the primary combi- 
nation chemotherapy for patients in the high-risk 
group in 1979. When VP-16 was given in a 5-day 
schedule alternating with CHAMOCA, remission was 
achieved in 10 of 12 (83%) high-risk patients.” During 
that time, VP-16 was also introduced into a sequence 
of drugs devised for patients in the medium-risk cat- 
egory, which included hydroxyurea, methotrexate, 6- 
mercaptopurine, and actinomycin D. Of 76 patients in 
this category reported on in 1986, all were alive and in 
remission.” 

Bagshawe arranged the five most effective and com- 
patible drugs against trophoblastic tumors (VP-16, 
methotrexate, actinomycin D, cyclophosphamide, and 
oncovin) into two groups, resulting in a split protocol 
with the acronym of EMACO. Although treatment is 
given weekly, EMACO requires only 1 day’s hospital- 
ization every 2 weeks and is significantly better tolerated 
than CHAMOCA. It also has the advantage of using a 
wide range of drugs in a short time without waiting for 
resistance to emerge. Of 65 high-risk patients treated 
with EMACO, survival rates reported in1986 were 91% 
in patients who had received no prior chemotherapy 
and 78% in patients who had received prior chemo- 
therapy.” When used as primary therapy in high-risk 
patients at the University of Milan, complete responses 
were achieved in 16 of 17 patients, and when given as 
second line therapy complete responses were achieved 
in 10 of 14 patients.” These achievements have resulted 
in the EMACO regimen currently being considered the 
regimen of choice in most high-risk patients and one 
of the most effective treatments for drug-resistant pa- 
tients. The introduction of VP-16 is therefore consid- 
ered to be perhaps the most important advance in the 


` treatment of trophoblastic neoplasms in the past 10 
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years. The exceptional activity of this drug is apparent 
from the recent report by Wong et al., in which eight 
of nine drug-resistant patients achieved complete re- 
mission after treatment with VP-16, methotrexate, and 
bleomycin. In addition, oral VP-16 given by these in- 
vestigators to 37 patients with resistant or metastatic 
disease produced permanent remissions in all the pa- 
tients and’ none required a change in therapy.™ 
Newlands first reported on the use of cisplatin in 
gestational choriocarcinoma in 1978. Of an_ initial 
group of 17 patients with drug-resistant tumors who 
received high-dose cisplatin (120 mg/m?), no activity 
was seen in two patients treated with cisplatin alone. 
However, in combination with vincristine and metho- 
trexate, there were six responses, seven improvements, 
and three disease progressions.” Using this protocol, 
Newland subsequently reported® a 33% response rate 
in 24 drug-resistant patients. Cisplatin used in combi- 
nation is therefore considered to be an active agent in 
the treatment of trophoblastic tumors. When used in 
combination with the POMB regimen (cisplatin, vin- 
cristine, methotrexate, and bleomycin), some patients 
with EMACO-resistant tumors were also shown to be 
responsive. Several authors have recently reported on 
patients with resistant disease who received vinblastine, 
cisplatin, and bleomycin (VPB), with sustained remis- 
sion rates ranging from 20% to 50%.” ° These re- 
sponses suggest that cisplatin was the active agent in 
this regimen, in view of our experience with four pa- 
tients treated with VAB who did not respond. 
` The ultra-high-risk: patient represents the 10% to 
15% of patients traditionally classified as high-risk who 
die from progressive choriocarcinoma despite initial 
combination chemotherapy. The identification of these 
patients can be accomplished, as previously described, 
with the use of the scoring system adopted by the 
World Health Organization in 1983. As an example, a 
patient with brain metastasis presenting with an inter- 
val of greater than 12 months between the antecedent 
pregnancy and the start of chemotherapy would re- 
ceive a score of eight. If, in addition, the initial hCG 
level was greater than 100,000 IU/L, the total score 
would be 12. In analyzing the Gynecologic Oncology 
Group randomized trial comparing MAC to modified 
CHAMOMA, Surwit® pointed out that all patients in 
both arms of the study with a World Health Organi- 
zation score of seven or less were cured. He further 
noted that the combined series of both MAC and mod- 
ified CHAMOMA could identify the ultra-high-risk pa- 
tient. These patients had a World Health Organization 
score of eight or greater and only 47% achieved pri- 
mary remission. Similarly, clinicians at the New En- 
gland Trophoblastic Disease Center retrospectively an- 
alyzed their data and found that only 43% of their high- 
risk patients with a World Health Organization score 
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of eight or greater survived, whereas 100% of patients 
with a prognostic score of seven or less survived.’ A 
striking example of the significance of this prognostic 
score can be seen in Lurain’s study’ of the causes of 
treatment failure at the John J. Brewer Trophoblastic 
Disease Center from 1962 to 1986, in which 96% of 
patients who died had a prognostic score of eight or 
greater, with an average score of 13. The value of such 
analyses lies in the fact that experienced clinicians no 
longer recommend conventional combination chemo- 
therapy for this group of patients. The optimal therapy 
for patients with high prognostic scores has obviously 
not yet been determined. It does seem clear, however, 
that VP-16 and possibly cisplatin should be included 
early in the chemotherapy of any multiagent regimen 
designed for this group of patients. Hopefully the num- 
ber of drug-resistant fatal cases can then be reduced. 


Comment 


New knowledge about the genetics of trophoblastic 
neoplasms may have far-reaching implications relative 
to the control mechanisms of neoplastic cell growth in 
general. Modern biochemical monitoring of patients 
with trophoblastic disease requires sophisticated tech- 
nology that suggests the need for consultations at cen- 
ters where such assays are available. Etoposide and cis- 
platin -have become valuable new drugs for treating 
gestational trophoblastic disease. Chemotherapy pro- 
tocols in the future will ideally incorporate additional 
new cytotoxic agents that are as effective but less toxic 
than those currently available. 

In reviewing the 10 years from 1968 to 1978, Dr. 
John L. Lewis, Jr. noted that no center had made more 
important contributions to our understanding and 
treatment of gestational choriocarcinoma than the unit 
at Charing Cross Hospital, London under the direction 
of Dr. Kenneth Bagshawe. From 1978 to 1988, signif- 
icant improvement in the prognosis for patients with 
trophoblastic tumors has come about largely as a result 
of the innovative chemotherapy protocols developed 
by these investigators. In closing, therefore, a timely 
quote from Dr. Bagshawe seems appropriate. In 1987, 
in discussing the evolution and complexities of modern 
treatment of gestational choriocarcinoma, he wrote: “It 
is an all too frequent observation that whether a young 
woman with choriocarcinoma survives can still depend 
on the general experience and training of the doctors 
she encounters early in her illness.”” 
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BASIC SCIENCE SECTION 





Characterization of norepinephrine sensitivity in the maternal 
splanchnic circulation during pregnancy 


M. Elizabeth Crandall, PhD, Tara M. Keve, BS, and Margaret K. McLaughlin, PhD 


Burlington, Vermont 


Vascular sensitivity to exogenous norepinephrine and transmural nerve stimulation was studied in the 
splanchnic bed of nonpregnant, early pregnant, and late pregnant rats. Resistance-size mesenteric arteries 
were removed from late pregnant (18 to 20 days), early pregnant (7 days), and nonpregnant cycling rats 
and mounted in a myograph system, which permits the precise setting of vessel circumference for the 
determination of norepinephrine sensitivity. Norepinephrine dose-response curves and frequency-response 
curves for transmural nerve stimulation were obtained in the presence and absence of cocaine, a specific 
inhibitor of neuronal reuptake. The mesenteric arteries of late pregnant rats were 1.5 times less sensitive 


to exogenous norepinephrine than arteries of both early pregnant and nonpregnant rats. Sensitivity to 
transmural nerve stimulation was decreased in both early and late pregnant rats compared with 
nonpregnant controls. Cocaine potentiated the response to both exogenous norepinephrine and transmural 
nerve stimulation in the pregnant rats so that responses between nonpregnant, early pregnant, and late 
pregnant rats were no longer different. This suggests a greater reuptake activity from pregnant rats. In 
conclusion, pregnancy is associated with a reduction in splanchnic norepinephrine sensitivity, which may 
be due partly to an increase in neuronal deactivation of norepinephrine. The maximum contractile 
response to norepinephrine also was decreased in late pregnancy, which suggests additional mechanisms 
for changes in norepinephrine vascular sensitivity. (AM J OssteT GYNECOL 1990;162:1296-1301.) 


Key words: Catecholamines, adrenergic nerves, mesenteric arteries 


There are a number of well-described changes that 
occur in the cardiovascular system in women during 
pregnancy, including significant increases in cardiac 
output and blood volume and a profound reduction in 
peripheral vascular resistance.’ The autonomic nervous 
system has a significant influence on peripheral vas- 
cular resistance because of its effects on vascular tone. 
This system is therefore an important component in 
the maintenance of blood pressure and uterine per- 
fusion during pregnancy. 

The vascular response to adrenergic stimulation is a 
major aspect of the autonomic regulation of vascular 
tone. The majority of work regarding changes in ad- 
renergic responsiveness during pregnancy has focused 
on the vascular sensitivity to exogenous catecholamines, 
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with conflicting results. Pressor responses to epineph- 
rine have been reported to be either unchanged or 
reduced in the human” and reduced in the rat.* Nor- 
epinephrine pressor activity has been studied in a 
number of ways in humans with reports of increases, 
decreases, or no change in sensitivity during preg- 
nancy.*” Part of the difficulty in assessing catecholamine 
sensitivity in some of these studies is the use of the 
blood pressure response as the measured end point for 
reactivity changes as there are multiple inputs to this 
response. Consequently, little is known regarding the 
direct response of the resistance vasculature to sym- 
pathetic nervous stimulation. 

This study was designed to test the hypothesis that 
a reduction in adrenergic reactivity occurs during preg- 
nancy in resistance-sized arteries. Vessels were taken 
from the splanchnic circulation, which is a major com- 
ponent of total peripheral vascular resistance and 
therefore an important determinant of systemic blood 
pressure. The use of an in vitro approach allowed a 
direct assessment of vascular function in response to 
stimulation by exogenous and endogenous sources of 
norepinephrine. The time course of the changes in 
reactivity during pregnancy was evaluated by compar- 
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ing vessels taken from rats during early (7 to 9 days) 
and late (19 to 21 days) gestation with those of age- 
matched virgin controls. 


Methods 


General animal model. Virgin Sprague-Dawley fe- 
male rats were purchased and bred in our own colony. 
Three of these rats were placed with a male at the time 
of estrus, which was determined by microscopic ex- 
amination of vaginal smears. The presence of sperm 
the next morning was considered confirmation of preg- 
nancy and was designated as day 1 of gestation (term 
22 days). The pregnant rats were studied during cither 
early (7 to 8 days) or late (19 to 20 days) gestation. Age- 
matched virgins served as controls. The animals were 
housed in the College of Medicine Animal Facility at 
this institution, which is accredited by the American 
Association of Laboratory Animal Care. They were 
provided standard Purina Rat Chow and water. 

Vessel preparation. The method for removal and 
preparation of the rat mesenteric arteries used in these 
experiments has been described previously.** Rats were 
decapitated while under ether anesthesia, and a section 
of mesentery 5 to 10 cm distal to the pylorus was rapidly 
removed and placed in a Krebs-Ringer buffer solution. 
Vessel segments averaging 165 wm in diameter and 
1.6 cm in length were dissected free from surrounding 
adipose tissue and threaded onto two 16 um wires. 
These wires were fastened to two stainless steel blocks 
that were mounted in a specially designed myograph 
system. One block was attached to a Kulite strain 
gauge force transducer (Kulite Semiconductor Prod- 
ucts, Ridgefield, N.J.); the other was connected to a 
displacement device. The displacement device allowed 
for controlling ‘changes in the vessel diameter while 
simultaneously measuring the wall force being pro- 
duced with the force transducer. The blocks rested in 
a well constructed of Lexan and through which oxy- 
genated Krebs-Ringer solution at 37° C was perfused 
continuously. f 

Biophysical measurements. The force transducer 
was periodically calibrated with various weights and its 
output was recorded on a linear chart recorder. The 
degree of displacement was measured with a Kaman 
measuring device (Kaman Sciences, Colorado Springs) 
that was calibrated with a filar micrometer eyepiece on 
a Zeiss microscope. Vessel dimensions were measured 
with the same device having been calibrated to a mi- 
crometer grid under X400 power on the same micro- 
scope. l f 

Solutions and drugs. The Krebs-Ringer PSS buf- 
fer consisted of sodium chloride 119 mmol/L, so- 
dium bicarbonate 24.0 mmol/L, potassium chloride 
4.70 mmol/L, potassium phosphate 1.18 mmol/L, 
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magnesium sulfate 1.17 mmol/L, calcium chloride 
1.60 mmol/L, and glucose 5.50 mmol/L. High K*- 
PSS buffer was used as a depolarizing solution in which 
there was an equimolar substitution of potassium chlo- 
ride for sodium chloride and an increase of calcium 
chloride to 5 mmol/L. Stock solutions of arterenol (—)- 
norepinephrine bitartrate and cocaine hydrochloride 
(Sigma, St. Louis) were prepared in PSS with 176 
mg/L of ascorbic acid at a concentration of 1073 
mol/L for each experiment. Appropriate dilutions 
were obtained with the same buffer. 

Resting length—tension curve. After mounting, the 
vessel was stretched to about 0.1 mN/mm vessel length 
(1 mN = 102 mg) and allowed to equilibrate for 1 hour 
in PSS buffer. The vessel was then stretched twice to 
about 0.6 mN (conditioning stretches). To generate the 
resting curve the vessel was stretched in eight incre- 
mental steps. The vessel was held at each length for 20 
seconds and returned to baseline between each new 
stretch. The force at each stretch was read at the end 
of the 20 seconds, and the displacement was measured 
from the output of the Kaman measuring device. We 
have termed this the resting length—tension relation- 
ship. Previous studies have demonstrated a lack of any 
resting tone in these vessels when incubated in PSS 
buffer.’ 

` The vessel circumference that was used to perform 

the dose-response curves was obtained by using the Law 
of LaPlace. With this equation, Lio is calculated from 
the exponential curve fit of tension versus circumfer- 
ence. Lio is defined as the circumference the vessel 
would have at a transmural pressure of 100 mm Hg. 
From our previous studies dose-response curves are 
obtained at 0.8 Lio, a point we found in both non- 
pregnant and pregnant female rats to provide maxi- 
mum active force generation with minimum passive 
tension.’ 

Exogenous norepinephrine. Cumulative doses of 
norepinephrine (5 X 1077 to 1 x 1077 mol/L) were 
administered 15 minutes after the completion of a rest- 
ing length—tension curve. After washout and a 60- 
minute recovery period, a second norepinephrine dose- 
response curve was carried out in the presence of 
3 x 107° mol/L cocaine in-the late gestation rats. All 
data were expressed as the percent of the maximum 
contraction to 107° mol/L norepinephrine. 

Transmural nerve stimulation. In a separate series 
of experiments stimulation of the intramural nerves 
was performed by means of electric field stimulation. 
A 611 square-wave stimulator (Phipps and Bird) with 
a power amplifier (HP 6824A, Hewlett Packard) was 
used to deliver impulses of supramaximal amplitude 
(10 mA) lasting 0.3 millisecond to platinum electrodes 
mounted on opposing sides of the preparation. These 
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Fig. 1. Norepinephrine dose-response curve for mesenteric 
arteries from nonpregnant (n = 6), early pregnant (n = 5), 
and late pregnant (n = 9) rats with tension expressed as a 
percentage of the maximum norepinephrine response, Data 
represent mean + SEM. Double asterisk, p = 0.01 (for ECso, 
compared with values for nonpregnant and early pregnant 
rats). 


stimulus parameters did not stimulate the smooth mus- 
cle directly as their contractile responses were inhibited 
by prazosin (1 x 1077” an a,-adrenergic blocker) or te- 
trodotoxin (1 x 1077 mol/L, an inhibitor of sympa- 
thetic nerve activity). Frequency-response relationships 
were obtained in experiments performed according to 
the following protocol. After a 60-minute equilibration 
period, two successive stimulations with exogenous nor- 
epinephrine (1 X 107° mol/L) were made initially to 
determine the maximum contraction of norepineph- 
rine. After a 60-minute recovery period, transmural 
stimulation was applied at frequencies of 5, 7, 9, and 
12 Hz until a plateau response to each frequency was 
reached. These frequencies were chosen to provide a 
full frequency-response curve without activating the 
smooth muscle directly with the electrical stimulation. 
There was a 15-minute rest period between each fre- 
quency stimulation that was sufficient to completely re- 
turn vessel tension to the resting level. The vessels 
were then’ again exposed to exogenous norepineph- 
rine (1 x 107° mol/L) to verify the viability of the 
preparation. In some experiments a second frequency- 
response curve was done 60 minutes after the first curve 
in the presence of cocaine (1 x 107° mol/L). The mean 
response to each impulse frequency were expressed as 
a percentage of the maximum response to exogenous 
norepinephrine. 

Data analysis. Contraction of mesenteric arteries by 
norepinephrine was normalized to the maximum ten- 
sion obtained to 10-® mol/L norepinephrine; then the 
data were fitted to the Hill equation,” from which a 
straight line was generated by linear least-squares 
regression analysis. The mean effective concentration 
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Fig. 2. Norepinephrine dose-response curves for mesenteric 
arteries from late pregnant (LP) (n = 9) and nonpregnant 
(NP) (n = 6) rats before and after cocaine (3 X 107° mol/L). 
Tension is expressed as a percentage of the maximum nor- 
epinephrine response. Data represent mean + SEM. Double 
asterisk, p = 0.01 (for ECs) compared with values for arteries 
without cocaine). 


that produced a 50% contraction (ECs) was determined 
from this line and expressed as the geometric 
mean + SEM. Comparisons among group ECs, values 
were done by a one-way analysis of variance followed 
by a multiple range test (Newman-Keuls). To compare 
responses before and after cocaine treatment within the 
same group, a Student paired ¢ test was used. A value 
of p = 0.05 was considered significant. 


Results 


Fig. 1 is an illustration of the response of the mes- 
enteric arteries to varying concentrations of norepi- 
nephrine. The arteries from the late pregnant rats were 
more than 1.5 times less sensitive to norepinephrine 
than the vessels from the nonpregnant and early preg- 
nant rats. This was indicated by the shift to the right 
in dose-response curve of the vessels from the late 
pregnant rats. The mean effective concentration (ECso) 
was 3.3 X 10° mol/L for the vessels from the late 
pregnant rats versus 2.0 and 2.2 x 107° mol/L of 
the nonpregnant and early pregnant animals, respec- 
tively (p = 0.01). The norepinephrine-generated max- 
imal tensions (contractility), expressed as milli-Newtons 
per millimeter of vessel length, were significantly 
reduced by late pregnancy when compared with val- 
ues in the nonpregnant rats with tensions of 1.74 + 
0.13 and 2.34 + 0.10 mm/mN, respectively (mean + 
SD, p = 0.01). However, the maximal tension was ac- 
tually increased during early pregnancy (3.33 + 0.14 
mm/mN) when compared with values for the non- 
pregnant rats. 

Cocaine was used to block reuptake 1 to determine 
whether the decrease in norepinephrine sensitivity in 
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late gestation was due to an increase in reuptake 1 
activity. Responses to 3 X 107° mol/L cocaine of arter- 
ies from nonpregnant and late pregnant rats are shown 
in Fig. 2. Cocaine significantly shifted the norepineph- 
rine dose-response curve to the left in both groups, but 
the shift was greater in the arteries from the late preg- 
nant animals than in those from the nonpregnant an- 
imals. Differences in norepinephrine sensitivity be- 
tween arteries of nonpregnant and late pregnant 
rats in the presence of cocaine were abolished with 
ECs, values of 6.27 x 107’ mol/L versus 6.92 x 1077 
mol/L, respectively. 

Fig. 3 is a depiction of the responses to electrical 
transmural nerve stimulation. The curves of both early 
pregnant and late pregnant animals were shifted to the 
right of the arteries of the nonpregnant animals with 
a significant reduction in the response to stimulation 
at 9 and 12 Hz. Twelve hertz was the maximal stimu- 
lation that could be applied to the vessels that activated 
the sympathetic nerves without activating the smooth 
muscle directly. The shift to the right in the frequency- 
response curves indicated a decreased responsiveness 
to transmural nerve stimulation during early and late 
gestation. 

Cocaine potentiated the response to norepineph- 
rine in the arteries from the late pregnant rats at 7 and 
9 Hz (Fig. 4). An increase in norepinephrine response 
also was seen in early pregnant rats at 9 Hz with an 
increase from 21% + 13% to 62% + 14% (p = 0.05). 
As with the norepinephrine dose-response curve, this 
abolished the difference in responsiveness to trans- 
mural nerve stimulation’ between the pregnant and 
nonpregnant rats. The responses of the arteries from 
the nonpregnant rats were not potentiated by cocaine 
at any frequency. 


Comment 


The purpose of this study was to test the hypothesis 
that pregnancy diminishes the response to adrenergic 
stimulation in the mesenteric resistance vasculature of 
the rat. We found a marked decrease in mesenteric 
responsiveness to adrenergic stimulation during preg- 
nancy. The evidence for this conclusion comes from 
both the response to exogenously applied norepineph- 
rine and transmural nerve stimulation. 

In the first set of studies the EC,, for norepinephrine 
was increased twofold by late pregnancy compared with 
the nonpregnant control values (Fig. 1). To determine 
whether differences in reuptake I (a removal route 
for norepinephrine) contributed to the reduced sensi- 
tivity to exogenously applied norepinephrine, dose- 
response relations were obtained after exposing the 
vessels to cocaine, a reuptake 1 inhibitor. Cocaine re- 
sulted in a greater shift to the left in the vessels from 
the pregnant rats, compared with those from the non- 
pregnant rats, such that the dose-response curves for 
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Fig. 3. Response of mesenteric arteries from nonpregnant 
(n = 7), early pregnant (n = 4), and late pregnant (n = 6) rats 
to transmural nerve stimulation. Tension is expressed as a 
percentage of the maximum norepinephrine response. Fre- 
quency is expressed in hertz. Data represents mean + SEM. 
Asterisk, p = 0.05; double asterisk, p = 0.01 (compared with val- 
ues for arteries of nonpregnant rats). 
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Fig. 4. Response of mesenteric arteries from late pregnant 
(LP) (n = 4) rats to transmural nerve stimulation before and 
after cocaine (1 X 107ê mol/L). Tension is expressed as a per- 
centage of the maximum norepinephrine response. Fre- 
quency is expressed in hertz. Data represent mean + SEM. 
Asterisk, p = 0.05 (compared with values for arteries without 
cocaine). 


the two groups became identical (Fig. 2). This suggests 
that there is greater reuptake 1 activity in the vessels 
from the pregnant animals, which results in a reduced 
concentration of norepinephrine at the postjunctional 
receptor." 

The second set of studies used transmural nerve stim- 
ulation of the blood vessels, which mimics in vivo sym- 
pathetic nerve activation. The response to this stimu- 
lation is the result of both postjunctional norepineph- 
rine sensitivity and the amount of norepinephrine 
released per unit stimulus. The degree of reuptake 1 
activity can influence this response as well.” There was 
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a diminished contractile response to transmural nerve 
stimulation in the vessels from both early and late preg- 
nant rats (Fig. 3), compared with the nonpregnant rats. 
As with the first study, cocaine pretreatment caused the 
frequency-response curves to become identical. Since 
the reduction in response to nerve stimulation occurs 
in early pregnancy, it precedes the reduction in exog- 
enous norepinephrine responsiveness. This suggests 
that pregnancy first produces changes in prejunctional 
nerve activity that result in a reduction in response to 
transmural nerve stimulation. The reduction in re- 
sponse to nerve stimulation does not appear to be a 
function of a decrease in vascular smooth muscle sen- 
sitivity to norepinephrine stimulation. Apparently, by 
late gestation, reuptake 1 activity is sufficiently in- 
creased to influence the vessel response to exogenous 
application of norepinephrine as well. 

The evidence for a loss of norepinephrine sensitivity 
at the arteriolar level during pregnancy is controversial. 
As noted in the introduction to this article, vascular 
reactivity to agonists during pregnancy most frequency 
has been assessed with studies of pressor response, 
which is one of the few methods available for use in 
humans. 

A recent study by Nisell et al.” differentiates the 
components of the pressor response in the human. 
There was no difference in overall pressor responsive- 
ness to norepinephrine between pregnant and non- 
pregnant women. However, in pregnant women the 
pressor response to norepinephrine was due entirely 
to an increase in cardiac output with no change in sys- 
temic vascular resistance. In the nonpregnant controls 
it was due to an increase in systemic vascular resistance. 
These studies provide indirect evidence that in the hu- 
man the resistance vasculature is much less responsive 
to norepinephrine stimulation during pregnancy. 

The results of examining vascular norepinephrine 
sensitivity in other species are unclear. A decreased 
sensitivity to norepinephrine during pregnancy has 
been reported in studies that used the rat caudal artery 
and cranial vessels from rabbits and rats." * However, 
in a more recent study Hart etal.” could find no change 
in exogenous norepinephrine sensitivity in the rat cau- 
dal or superior mesenteric arteries. There were no dif- 
ferences in reuptake 1 activity in this study of the larger 
diameter vessels, which supports the norepinephrine 
sensitivity findings of that study. With the development 
of refined in vitro techniques,° we were able to use 
resistance size arteries in our study whereas conduit 
vessels were used in this earlier work. Since sympathetic 
nerve density increases with decreasing arterial size, 
adrenergic function can differ depending on the prox- 
imity to the aorta in any particular vascular arcade.'® 

There are many possible explanations for the de- 
crease in the postjunctional norepinephrine respon- 
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siveness and the decrease in transmural nerve stim- 
ulation. These include changes in norepinephrine 
turnover, alterations in adrenergic receptor subtypes, 
and/or changes in postreceptor signaling mechanisms. 
In this study we have identified one potential mecha- 
nism to be greater reuptake | activity in the vessels from 
pregnant rats, especially at 20 days’ gestation. There is 
a good deal of evidence from nonvascular tissue that 
pregnancy can profoundly alter catecholamine metab- 


olism.” However, the observed change in reuptake lis 


not likely to be the sole explanation for the shift in 
norepinephrine sensitivity. For example, cocaine may 
have had differential nonspecific effects on the smooth 
muscle component of vessels from the pregnant ani- 
mals that contributed to the observed responses. 

The maximal contractile response to norepinephrine 
also was shown to decrease in late pregnancy, which 
supports the possibility that pregnancy may be effecting 
changes in the contractile properties of smooth muscle 
itself. These data are consistent with a previous report 
that showed that mesenteric arteries from the late preg- 
nancy animals produced less maximal tension in the 
presence of 125 mmol/L potassium solution than ar- 
teries from either early pregnant or nonpregnant rats.® 
In the present study it is not known why maximal ten- 
sion increased in early pregnancy. Further studies will 
delineate whether the changes in maximum response 
to norepinephrine are due to specific changes in 
a-adrenergic function or to more generalized alter- 
ations in vascular smooth muscle function. 

In summary, these studies demonstrate that during 
rat pregnancy there is a significant reduction in vascu- 
lar response to adrenergic stimulation in the mesen- 
teric vasculature under these experimental conditions. 
There appears to be an increase in reuptake 1 activity 
in these vessels, which could account for this decrease 
in norepinephrine sensitivity. However, it is likely that 
multiple factors are responsible for changes in adren- 
ergic responsiveness, and these will require further 
study for clarification. 


We thank George Osol, PhD, for his many helpful 
suggestions. 
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Studies of hexokinase activity in human and mouse oocyte 


Osamu Tsutsumi, MD, Tetsu Yano, MD," Kazuo Satoh, MD,’ Masahiko Mizuno, MD," and 
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Microdetermination methods were used to determine the activities of hexokinase in human and mouse 
oocytes, human spermatozoa, and other somatic cells. Human oocytes with intact germinal vesicle 
obtained from the growing follicle were freeze dried and weighed (mean + SD = 243 + 34 ng dry 
weight). Hexokinase activity in single oocytes was 17.9 + 3.6 pmol of reduced nicotinamide-adenine 
dinucleotide phosphate formed/oocyte/hr at 20° C. Specific activity was estimated to be 104 + 30 


nmol/mg protein/hr, which was remarkably lower than that in human spermatozoa (3570 + 550 nmol/mg 
protein/hr) and other somatic cells such as endometrium, brain, liver, and kidney. Mouse follicular oocytes 
and early embryos before the two-cell stage also had low hexokinase activities, but morulae and 
blastocysts had increasingly high activities; the former cannot use glucose as an energy source, whereas 
the latter can. These results suggest that human immature oocytes, as well as mouse oocytes, depend on 


pyruvate instead of glucose as a major energy source. (AM J OssteT GYNECOL 1990;162:1301-4.) 


Key words: Oocyte, embryo, spermatozoa, hexokinase, glucose 


In vitro fertilization has recently become a useful 
means of treating infertility. Little information is avail- 
able on the biochemical properties of human oocyte. 
Studies of experimental animals in culture reveal that 
oocytes can develop only in the presence of pyruvate’; 
glucose does not serve as an energy source for oocytes 
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and early embryos. Immature mouse oocytes have low 
hexokinase activity,” * which catalyzes phosphorylation 
of glucose to glucose-6-phosphate and can be a rate- 
limiting enzyme in glycolysis. This finding suggests that 
immature oocytes use pyruvate instead of glucose as an 
energy source. We examined whether human oocytes 
also possess such biochemical properties by measuring 
their hexokinase activity and comparing it with those 
of spermatozoa and other somatic cells. In addition, the 
developmental changes of hexokinase activity were 
studied using mouse oocytes and preimplantation em- 
bryos. Our results show that hexokinase activity is also 
low in human oocyte, suggesting that glucose may not 
serve as a major energy source. 
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Material and methods 


Oocytes were obtained from the growing follicles of 
women 26 to 38 years old. They had normal menstrual 
cycles and were between days 6 and 11 in their cycles. 
The diameter of the follicle ranged from 4 to 11 mm, 
with an average of 7.6 mm. The oocytes were denuded 
by repetitive pipetting and quickly inspected to ascer- 
tain that they kept normal structure with an intact zona 
pellucida and germinal vesicle. The individual oocytes 
were freeze dried at —30° C at a vapor pressure 
<0.01 mm Hg and weighed on a quartz fiber fishpole 
balance‘ (sensitivity, +1 ng). 

Mouse oocytes with intact germinal vesicles were col- 
lected from the follicles of Crj:CD-1(IRC) females on 
the day of estrus (day 0). Preimplantation embryos were 
obtained by flushing the reproductive tract on days 1 
to 4 of pregnancy (day 1 denotes the appearance of the 
vaginal plug). The oocytes and embryos were inspected 
under a microscope and freeze dried. 

Hexokinase activity was assayed according to a mod- 
ification of a method reported by Kato et al. The assay 
mixture consisted of 100 mmol/L Tris-HCl (pH 80), 
5 mmol/L glucose, 6 mmol/L adenosine triphosphate, 
0.6 mmol/L oxidized nicotinamide-adenine dinucleo- 
tide phosphate, 5 mmol/L magnesium chloride, 0.5% 
(vol/vol) Triton X-100, 0.9 pg/ml glucose-6-phosphate 
dehydrogenase, and 0.05% (wt/vol) bovine serum al- 
bumin, The volume of assay mixture was reduced to 
5 pl as a droplet in paraffin oil. The enzyme reaction 
was started by adding the weighed oocyte to the droplet 
under a microscope. After 1 hour of incubation at 
20° C, the reaction was stopped by adding 0.2 mol/L 
sodium hydroxide and excess oxidized nicotinamide- 
adenine dinucleotide phosphate was destroyed while 
heating the mixture at 60° C for 30 minutes. Subse- 
quently, the reduced nicotinamide-adenine dinucleo- 
tide phosphate produced was amplified 1000- or 
10,000-fold in human or mice oocytes, respectively, us- 
ing oxidized nicotinamide-adenine dinucleotide phos- 
phate cycling.® As standards, reduced nicotinamide- 
adenine dinucleotide phosphate was added to the drop- 
lets of assay mixture at appropriate concentrations and 
were processed in parallel with the assay mixture. 

Semen was obtained by masturbation after 96 hours 
of abstinence from healthy human volunteers 28 to 39 
years old. The mean (+SD) concentration of sperma- 
tozoa was 85 + 38 x 10°/ml with a semen volume of 
3.3 + 1.2 ml. Spermatozoa were washed three times 
with phosphate-buffered saline solution and then sus- 
pended in phosphate-buffered saline solution. Protein 
content was determined by the method of Lowry et al.’ 
Hexokinase activity in the sperm suspension was mea- 
sured in 1 ml of the assay reagent directly in a fluo- 
rometer. 

Proliferative endometrium was obtained by biopsy 
from 25- to 38-year-old women with normal cycles dur- 
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ing their follicular phase. The weighed tissues were 
homogenized in phosphate-buffered saline solution 
and their protein content and hexokinase activity were 
determined as above. Autopsy samples of brain, liver, 
and kidney were also processed similarly to the endo- 
metrium. 

Reduced nicotinamide-adenine dinucleotide phos- 
phate, oxidized nicotinamide-adenine dinucleotide 
phosphate, and glucose-6-phosphate dehydrogenase 
were purchased from Boehringer and Sohn (Mann- 
heim, West Germany). All chemicals were of analytic 
grade. 

Results are reported as the mean + SD. Unless 
otherwise stated, statistical analysis was by Student’s 
t test. 


Results 


Hexokinase activity of the human oocytes obtained 
between days 6 and 11 of the menstrual cycle was 
at a relatively constant level, 17.9 + 3.6 pmol of re- 
duced nicotinamide-adenine dinucleotide phosphate 
formed/oocyte/hr at 20° C (Table I). The specific ac- 
tivity of individual human oocytes was 62.7 + 12.5 
nmol/mg dry weight/hr (Table I). Mouse follicular oo- 
cyte had a similar value, 49.6 + 13.3 nmol/mg dry 
weight/hr. The enzyme activity on a protein basis was 
104 + 30 and 82.5 + 22.5 nmol/mg protein/hr for 
human and mouse oocytes, respectively, assuming the 
protein content of oocyte to be 60% of the dry weight. 

Developmental changes of hexokinase activities in 
follicular oocytes and preimplantation embryos of 
mice are listed in Table I. Fertilized oocytes on day 1 
had a significantly higher enzyme activity than unfer- 
tilized immature oocytes on day 0 (86.5 + 23.9 versus 
49.6 + 13.3 nmol/mg dry weight/hr, respectively; 
p < 0.01). This elevated level was maintained in two- 
cell embryos on day 2. However, there was a further 
marked increase in the enzyme activity on day 3 
(morulae) and day 4 (blastocysts), which amounted to 
246 + 106 and 709 + 88 nmol/mg dry weight/hr, re- 
spectively. The overall increase was 14-fold in the en- 
zyme activity during 5 days of early development. 

Hexokinase activity in ejaculated spermatozoa was 
remarkably high, 3570 + 550 nmol/mg protein/hr 
(Fig. 1). The mean hexokinase activities in human en- 
dometrium, brain, liver, and kidney samples were 
635 + 131, 1680 + 390, 605 + 211, and 837 + 377 
nmol/mg protein/hr, respectively. The data clearly in- 
dicate that hexokinase activity in the oocytes was lowest 
among various types of cells in human organs. 


Comment 


The present study using the microdetermination 
method to detect enzyme activity in single oocyte re- 
vealed that hexokinase activity in human oocytes is low 
compared with that of spermatozoa and other somatic 
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Fig. 1. Comparison of mean (+SD) hexokinase activities in human oocyte, spermatozoa, and other 
somatic tissues. Number of measurements is shown in parentheses. Activity in the oocyte is signif- 
icantly lower compared with that of the other tissues (p < 0.001), whereas activity in the spermatozoa 


is higher (p < 0.001). 


Table I. Hexokinase activities in human and mouse oocytes and preimplantation embryos 


Dry weight À Activity Specific activity 
Oocyte Stage (ng) (pmol! oocyte/ hr) (nmol/mg dry weight/hr) 


n 
Human oocyte GV 10 243 + 34 
Mouse oocyte 
Day 0 GV 12 23.9 + 1. 
Day 1 Fertilized 10 24.1 +1. 
Day 2 Two-cell 10 23.6 +1 
Day 3 Morula 10 24.3 + 2 
Day 4 Blastocyst 10 25.2 + 3.3 


17.9 + 3.6 62.7 + 12.5 
1.2 + 0.3 49.6 + 13.3 
2.1 + 0.6* 86.5 + 23.9% 
2.2 + 0.6 93.1 + 24.4 
6.0 + 2.6* 246 + 106* 

17.9 + 2.2% 709 + 88* 


Data are mean + SD. N, Number of oocytes assayed; GV, intact germinal vesicle. 
*Significantly different (p < 0.01) compared with the value on the previous day. No difference was observed in the dry weight 


of mouse oocytes during the 5 days of the experiment. 


cells. The female gamete has lower hexokinase activity 
than somatic cells, whereas the male gamete has higher 
activity. Because hexokinase catalyzes glucose phos- 
phorylation, the low activity of this enzyme is ex- 
pected to supply only a minute amount of glucose-6- 
phosphate, suggesting that glucose utilization in the 
oocyte is limited at this step of glycolysis. 

The utilization of pyruvate as a major energy source 
is characteristic of oocyte of several mammalian species 
ranging from rodent to primates.’ Pyruvate uptake ex- 
ceeds that of glucose in mouse oocyte.‘ Glucose is not 
used as an energy source to support the development | 
of mouse oocytes.’ Because hexokinase activity levels in 
human and mouse oocytes are similar, human oocyte 
may also depend on pyruvate instead of glucose as a 
major energy source. Pyruvate is added to virtually all 
culture media to sustain human oocyte in vitro.’ 

Remarkable changes in hexokinase activity occur in 
mouse oocyte during the 5 days of early development. 
One change is observed between immature oocytes on 


day 0 and fertilized oocytes on day 1. The increase in 
enzyme activity may be related to the meiotic process 
because the resumption of meiosis is accompanied by 
an increased oxygen consumption."* The other change 
occurs on days 3 and 4. The levels of hexokinase activity 
of morulae and blastocysts are similar to those of so- 
matic cells. These embryos are able to use glucose as 
an energy source.’ The reason for this dependence on 
pyruvate is unknown at present, as is the nature of the 
switch in metabolism that later enables glucose to act 
as an energy source. Although data on human oocytes 
are not available, these results suggest that stage- 
specific changes in biochemical properties are present 
in mammalian oocyte and preimplantation embryos. 
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| Transplacental cardiovascular effects of four popular analgesics 


in rats 


Kazuo Momma, MD, and Atsuyoshi Takao, MD 
Tokyo, Japan 


The purpose of this study is to clarify fetal cardiovascular effects of four popular analgesics administered 
to a maternal’animal model. Clinical doses of aspirin (14 mg/kg), acetaminophen (14 mg/kg), ibuprofen 


(6 mg/kg), or indomethacin (0.7 mg/kg) were administered orally to near-term rats. At 1, 4, 8, or 24 hours 
later fetuses were delivered by cesarean section, and were fixed immediately by the whole-body freezing 
technique. The ductus diameter, pericardial effusion, and volume and mass of the ventricles were studied 


by photographing multiple planes of the heart. Fetal ductal constriction was most remarkable with 
ibuprofen, with the diameter decreased 70% + 5% (mean + SEM) at 1 to 8 hours. Both ventricles were 
dilated 60% + 27%, and pericardial fluid was increased 120% + 20%. These changes partly disappeared 
at 24 hours. Milder but more persistent effects were observed with indomethacin. The fetal ductus was 
constricted 30% at 4 to 24 hours. Pericardial fluid was increased 140% + 30% at 24 hours. Aspirin and 
acetaminophen constricted the fetal ductus 10%. In conclusion, clinical doses of ibuprofen and 
indomethacin constricted the fetal rat ductus and caused cardiac failure. The effects of aspirin and 
acetaminophen were much milder. (AM J Osstet Gyneco 1990;162:1304-10.) 


Key words: Ibuprofen, indomethacin, aspirin, fetus, ductus arteriosus 


Aspirin, indomethacin, and other nonsteroidal an- 
tiinflammatory drugs constrict the fetal ductus arter- 
iosus dose-dependently after administration to preg- 
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nant animals. ? Recently fetal ductal constriction has 
been detected clinically with Doppler echocardiogra- 
phy after administration of indomethacin to pregnant 
women in premature labor.*:* Administration of a large 
dose of indomethacin to near-term pregnant rats causes 
severe constriction of the fetal ductus and signs of fetal 
congestive heart failure including dilated ventricles and 
pericardial effusion.’ However, little is known about the 
fetal cardiovascular effects of more popular analgesics 
such as aspirin, acetaminophen, and ibuprofen. The 
purpose of this study is to clarify the transplacental 
cardiovascular effects of these popular analgesics in an 
animal model. 


Volume 162 
Number 5 


a 
thymus 





Transplacental effects of analgesics 1305 


Fig. 1. Sagittal cross-sections of fetal right ventricle, main pulmonary artery, ductus, and descending 
aorta. Note no constriction of control ductus (A), mild ductal constriction with aspirin at 4 hours 
(B), moderate ductal constriction with indomethacin at 8 hours (C), and severe ductal constriction 
with ibuprofen at 8 hours (D). DA, ductus arteriosus; DAO, decending aorta; LA, left atrium; LAA, 
left atrial appendage; MPA, main pulmonary artery; RV, right atrium. 


Material and methods 
Virgin Wistar rats (pregnancy period, 21.5 days) 
were mated overnight from 5 pM to 9 AM, and the pres- 


ence of sperm on vaginal smears was dated day 0 of 


pregnancy. These rats were fed commercial solid food 
and water. The following four drugs were prepared in 
usual clinical doses. Ibuprofen 6 mg/kg corresponding 
to 400 mg (two tablets) in a 70 kg woman was prepared 
from Nuprin tablets (Bristol-Myers Co., New York) as 
a 5% mixture in lactose. Indomethacin 0.7 mg/kg cor- 
responding to 50 mg in a 70 kg woman was prepared 
from pure indomethacin (Sumitomo Chemical Com- 
pany, Osaka, Japan) as a 2% mixture in lactose. Aspirin 
14 mg/kg corresponding to 1000 mg (two tablets) in a 
70 kg woman was prepared from aspirin tablets (Bayer 
Co., New York) as a 3% mixture in lactose. Acetamin- 
ophen 14 mg/kg corresponding to 1000 mg (two tab- 
lets) in a 70 kg woman was prepared from Tylenol 
tablets (McNeil, Inc., Fort Washington, Penn.) as a 3% 
mixture in lactose. Drugs were administered through 
an orogastric tube in suspension with 2 ml water con- 
taining 5% gum arabic at 9 AM on day 21 of pregnancy. 
Two to six pregnant rats and eight to 15 (mean, 12) 
fetuses were used in each experimental group. Guide- 
lines for the care and use of animals approved by the 
medical school were followed. 


Fetal rats were studied at 1, 4, 8, and 24 hours after 
administration of the drug. Pregnant animals were 
killed by cervical dislocation. Fetuses were quickly de- 
livered by cesarean section and fixed immediately by 
the whole-body freezing technique” * with acetone 
cooled to — 80° C by dry ice. Frozen fetuses were di- 
vided into two groups. The first group was used for 
study of the ductus diameter.'*’ Briefly, the frozen 
thorax of the fetus was cut on a freezing microtome in 
the frontal plane, and the inner diameter of the main 
pulmonary artery and the ductus arteriosus was mea- 
sured with a stereoscopic microscope and a micrometer. 
The smallest inner diameter of the ductus was divided 
by the inner diameter of the main pulmonary artery to 
evaluate ductal constriction. This ratio was | in control 
fetuses.” 

The second group was used for study of in situ mor- 
phology of the fetal heart with the technique developed 
in our laboratory." Briefly, after measurement of the 
body weight, the frozen thorax of the fetal rat was 
sectioned serially on the freezing microtome in a di- 
rection to obtain cross-sections through the cardiac 
short axis. The cardiac cross-section was photographed 
from the apex to the base at every 0.5 mm. About 15 
cardiac cross-sections were photographed in each fetus. 
Pericardial thickness was measured around the ventri- 
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Fig. 2. Short-axis cross-sections of fetal heart at left ventricular papillary muscle level after admin- 
istration of ibuprofen. In comparison with control 1 (A), both ventricles are dilated at 1 hour (B), 
and pericardial fluid is increased at 8 hours (C) and 24 hours (D). Right ventricular cavity is dimin- 
ished and wall is thickened at 24 hours (D). LV, left ventricle; RA, right atrium. Other abbreviations 


are same as Fig. 1. 


cles at the level of the left ventricular papillary muscle. 
Ventricular volumes and masses and atrial volumes 
were calculated by summation of the areas of each 
chamber. In addition, cross-sections through the right 
ventricular infundibulum, the main pulmonary artery, 
the ductus arteriosus, and the descending aorta were 
photographed in some fetuses.’ Fetuses delivered on 
day 21 from rats with no treatment served as controls. 
Each parameter was expressed as percent change 
from control. Two-way analysis of variance and Duncan 
multiple range ¢ test were used for statistical analysis to 
determine the significance of differences of the mean 
value.’ The level of significance was accepted as 5%. 


Results 


No fetal death was observed at cesarean section after 
drug administration. Fetal skin was pale and edematous 
at 8 and 24 hours after administration of ibuprofen 
and indomethacin. 

Fetal ductal constriction was most prominent af- 
ter administration of ibuprofen; ductal diameter de- 
creased to <50% of the control at 1 to 8 hours after 
administration of the drug (Figs. 1, 3, and 4). At 24 
hours the fetal ductus showed only mild constriction. 
Body weight increased slightly at 1 hour. Pericardial 
effusion increased progressively and reached a maxi- 
mum at 8 hours (Fig. 5). Both ventricles were maxi- 
mally dilated at 1 hour (Figs. 2 and 3). Right ventricular 


volume decreased significantly (43%) at 24 hours (Fig. 
6). This was associated with a 21% increase in right 
ventricular mass and characteristic right ventricular 
concentric hypertrophy as shown in Fig. 2D. Left ven- 
tricular mass also increased (Fig. 3). Right atrial volume 
increased significantly at 1 hour; left atrial volume 
showed no significant change (Fig. 3). 

Fetal ductal constriction was less prominent, but 
more persistent after administration of indomethacin 
as shown in Fig. 4. Maximal decrease of fetal ductal 
diameter was minus 35% 8 hours after drug admin- 
istration. Significant ductal constriction persisted at 
24 hours. At 24 hours fetal bodyweight was increased 
14% and pericardial effusion was maximum, reaching 
+ 145% above the control value (Fig. 5). The fetal ven- 
tricular volumes and masses reached a maximum at 24 
hours, as did right atrial volume. Left atrial volume did 
not change. 

Mild but significant ductal constriction was observed 
after administration of aspirin as shown in Figs. 1 and 
4. Ductal diameter decreased maximally and 14% at 1 
hour. Body weight increased 15% at 24 hours, and 
pericardial fluid simultaneously increased. Both right 
and left ventricular volumes and masses were increased 
at 24 hours; right atrial volume simultaneously in- 
creased. 

Mild but significant ductal constriction was observed 
after administration of acetaminophen as shown in Fig. 
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Fig. 3. Fetal cardiovascular effects and percent changes from control values (vertical axes) after 
administration of ibuprofen (6 mg/kg) to near-term pregnant rats. Mean + SEM are plotted. Asterisk 
indicates statistically significant change from control value. 


3. The ductal diameter decreased 9% at 1, 4, and 24 
hours after drug administration. At 4 hours, ventric- 
ular volumes increased about 40%. At 24 hours peri- 
cardial fluid, ventricular mass, and atrial volumes in- 
creased significantly. 


Comment 


Nonsteroidal antiinflammatory drugs such as the 
ones studied inhibit prostaglandin synthesis, and this 
effect on the fetal circulation was extensively re- 
viewed.” The mechanisms are explained as follows. 

Maternally administered aspirin, acetaminophen, 
ibuprofen, and indomethacin are absorbed and trans- 
ferred to the fetus through the placenta. These drugs 


inhibit cyclooxygenase and fetal prostaglandin pro- 
duction.'' Because prostaglandin E, is essential for pa- 
tency of the fetal ductus, the ductus constricts. Con- 
striction of the ductus causes increased resistance to 
blood flow through it. Because the ductus is a major 
channel through which about 90% of right ventricular 
output flows to the descending aorta in the fetus,” fetal 
ductal constriction causes increased pulmonary arterial 
and right ventricular pressure and increased right ven- 
tricular afterload. Because fetal cardiac reserve is very 
limited,'* ™ increased afterload causes decreased out- 
put, increased right ventricular diastolic and right atrial 
pressures, and increased right ventricular volume.’ Be- 
cause of free communication through the foramen 
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Fig. 4. Fetal ductal diameters after maternal administration of these four drugs. Mean + SEM are 
plotted. Asterisk indicates statistically significant change from control value. 
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Fig. 5. Fetal pericardial thickness after maternal administration of these four drugs. Fetal ductal 
percent changes from control are shown in parentheses. Mean + SEM are plotted. Asterisk indicates 


statistically significant change from control value. 


ovale cordis, more blood flows to the left atrium and 
left ventricle, causing dilatation of the left ventricle. 
However, adequate compensatory increase in left ven- 
tricular output is not achieved and signs of congestive 
cardiac failure such as pericardial effusion appear. 


As reviewed previously'® "' fetal ductal constriction 
and persistent pulmonary hypertension in the new- 
born were observed clinically after maternal treatment 
with nonsteroidal antiinflammatory drugs. Recent fetal 
echocardiographic studies confirmed intrauterine duc- 
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Fig. 6. Fetal right ventricular volumes after maternal administration of these four drugs. Fetal ductal 
percent changes from control are shown in parentheses. Mean + SEM are plotted. Asterisk indicates 


statistically significant change from control value. 


tal constriction and tricuspid regurgitation after ma- 
ternal treatment with indomethacin.* * However, details 
of cardiac changes associated with ductal constriction 
were studied only in animals as follows. 

Fetal cardiac morphology was studied with the same 
method as in this study after maternal administration 
of a large dose (10 mg/kg) of indomethacin to the near- 
term rat.’ The fetal ductus was constricted (— 70% ver- 
sus the control in diameter) from 1 to 24 hours. Dilation 
of the right ventricle and evidence of congestive failure 
including pericardial effusion (+200%) were present 
at 1, 4, and 8 hours after drug administration. At 24 
hours the right ventricle showed concentric hypertro- 
phy with diminished cavity and the left ventricle 
showed dilation and hypertrophy.’ 

Ibuprofen was most potent in constriction of the fetal 
ductus arteriosus among the four analgesics in this 
study. The fetal heart showed signs of failure and com- 
pensatory hypertrophy of the ventricles such as ob- 
served after administration of a large dose of indo- 
methacin.’® Vlahakes et al.'° showed a rapid increase in 
the right ventricular mass in the fetal lamb after band- 
ing of the main pulmonary artery, whereas Shapiro 
et al.” showed marginal cardiac failure and decreased 
right ventricular volume in the fetal lamb after banding 
of the pulmonary trunk. Evidence suggests that in- 
creased afterload to the fetal right ventricle causes 
congestive cardiac failure and late concentric hyper- 
trophy of the right ventricle. 

Indomethacin constricted the fetal ductus arteriosus 
less prominently but more persistently than did ibu- 


profen in rats. This reflects prolonged biologic half-life 
of indomethacin in rats.’ Right ventricular volume at 
24 hours was increased in contrast to concentric hy- 
pertrophy and decreased volume with a larger dose of 
10 mg/kg.’ This variation probably reflects a difference 
in ductal constriction. 

This study indicates that usual clinical doses of these 
popular analgesics have multiple effects on the fetal 
heart. Clinical observation with fetal echocardiography 
indicated reversibility of fetal ductal constriction after 
stoppage of the drug.‘ Fetal cardiac morphology after 
maternal administration of these analgesics and resul- 
tant fetal ductal constriction remains to be be studied 
clinically with echocardiography. 


The editorial help of Dr. Leonard M. Linde, profes- 
sor of pediatric cardiology, University of Southern Cal- 
ifornia School of Medicine, is highly appreciated. 
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The syncytiotrophoblast surrounding the placental 
villi is the classic site of human placental lactogen (hPL) 
production, as shown by immunohistochemical local- 
ization,’ messenger ribonucleic acid (mRNA) isolation 
and northern analysis,’ and in situ hybridization his- 
tochemistry.* Although many studies have concen- 
trated appropriately on the placental trophoblastic tis- 
sue as the source of systemic hPL, very few studies have 
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investigated other intrauterine sources and routes of 


secretion. 

A distinctive form of trophoblast in the fetal mem- 
branes designated “intermediate trophoblast” by Kur- 
man et al.’ was demonstrated in different intrauterine 
locations and shown by immunolocalization to contain 
a number of pregnancy-specific proteins including 
hPL. This study used tissues from 12 days after con- 
ception to term. More recently the extravillous tropho- 
blast of the chorion laeve was shown to undergo im- 
munostaining with antiserum to hPL between 6 and 22 
weeks of gestation.® Neither study demonstrated the 
synthesis of hPL by these tissues. In addition, little at- 
tention has been paid to hPL receptors in nonfetal in- 
trauterine tissues. An interest in our laboratory is the 
decidua and fetal membranes as sources and targets of 
peptide hormones, nominally classified as systemic or 
endocrine hormones. 

We have repeated the immunolocalization of hPL 
and sought evidence of synthesis by isolation of mRNA 
and northern analysis in amnion and chorion of the 
fetal membranes, decidua parietalis, and basal plate, as 
well as in the classic site of production of the systemic 
hormone, the placental trophoblast. 


Material and methods 


Immunocytochemistry. Placentas with attached fetal 
membranes were collected from women after elective 
cesarean section at term with no labor (n = 5) at Ka- 
piolani Medical Center for Women and Children. The 
tissues were immediately taken on ice to the laboratory; 
representative slices (10 mm thick) were cut across the 
placenta and basal plate, and 1 cm pieces of the fetal 
membranes with adherent decidua were rolled. The 
samples of tissue were immediately fixed in Bouin’s 
solution (16 to 24 hours at 25° C) and then processed 
for Paraplast embedding (Allied Fisher Scientific, 
Kent, Wash.). Sections measuring 7 um were cut and 
mounted on glass slides. 

Deparaffinized and rehydrated sections underwent 
immunostaining for hPL by means of the avidin-biotin 
immunoperoxidase method.’ The sections were pre- 
treated with 0.3% hydrogen peroxide (Allied Fisher 
Scientific), for 8 minutes to remove endogenous per- 
oxidase activity and with 0.5% normal goat serum in 
phosphate-buffered saline solution for 20 minutes to 
saturate nonspecific binding sites for immunoglobulin 
G. For the immunostaining the sections were sequen- 
tially exposed to the following solutions at 25° C: rabbit 
anti-hPL (1: 5000), lot D-R-2-10, kindly provided by Dr. 
H. Friesen, University of Manitoba, or normal rabbit 
serum (1:5000) (Sigma Chemical Co., St. Louis) for 60 
minutes; 1:250 diluted biotinylated goat antirabbit 
immunoglobulin for 30 minutes; and avidin-biotin 
horseradish peroxidase complex (Vectastain ABC re- 
agent, Vector Laboratories, Inc., Burlingame, Calif.) 
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for 45 minutes. After each step, the sections were thor- 
oughly rinsed in phosphate-buffered saline solution for 
9 minutes (three changes, 3 minutes each). Peroxidase 
activity was demonstrated cytochemically by incubation 
with peroxidase substrate containing diaminobenzidine 
0.5 mg/ml with 0.02% hydrogen peroxide in Tris 
buffer, 0.01 mol/L, pH 7.2. The sections were rinsed 
in water and counterstained with hematoxylin, cover- 
slips were mounted with Permount (Allied Fisher Sci- 
entific), and the slides were examined by bright field 
microscopy. Method specificity was tested by substitu- 
tion of the primary antiserum with normal rabbit se- 
rum. Antiserum specificity was demonstrated by preab- 
sorption of the antiserum with highly purified hPL (1 
to 2000 ng/ml), kindly provided by Dr. A. F. Parlow 
(AFP-6561B), or highly purified human prolactin (1 to 
2000 ng/ml), a gift from the National Hormone and 
Pituitary Program, National Institute of Diabetes and 
Digestive and Kidney Diseases (NIDDK-hPRL-1-7). 
The antigen and antiserum were incubated for 48 
hours at 4° C before application to the sections. 

The phosphate-buffered saline solution was 0.075 
mol/L phosphate and 0.75 mol/L sodium chloride, pH 
7.2, further diluted 1:5 just before use. 

Northern analysis 

Probes. A 48 mer probe was custom synthesized by 
Peninsula Labs., Inc. (Belmont, Calif.). The region cor- 
responding to the amino acid sequence 97-112 was cho- 
sen with a deoxyribonucleic acid (DNA) probe sequence 
(48 N) 5'-GTG ATA GTC ATC GCT GTC CGA GGT 
GTC ATA CAC CAG GTT GTT GGC GAA-3'. This 
sequence minimized the homology with human pro- 
lactin (22.9%) but still shared 81% homology with hu- 
man growth hormone. In addition, a complementary 
DNA (cDNA) probe of 540 base pairs corresponding 
to the codons for amino acid 60 to the end of the pep- 
tide and the contiguous 3’-noncoding region of hPL 
was kindly provided by Dr. I. Boime, Washington Uni- 
versity, St. Louis. 

Tissues. Human placentas with attached membranes 
were collected from women after elective term cesarean 
section but without labor (n = 15) and after normal 
spontaneous delivery (n = 10) at Kapiolani Medical 
Center for Women and Children. Tissues were pro- 
cessed for ribonucleic acid (RNA) extraction within | 
hour of delivery. The tissue samples (8 gm) were ob- 
tained from combined amnion-chorion-decidua or 
from each type of tissue by separating the amnion from 
the chorion-decidua, then scraping the decidual cells 
from the chorion laeve. In addition, fetal placental tis- 
sue was cut from the central region of the placenta by 
avoiding the basal and chorionic plates; basal plate tis- 
sue was also collected by careful slicing from the ma- 
ternal surface of the placenta. It was necessary to 
pool tissues from several placentas to obtain 8 gm; 
for amnion and chorion two placentas were used, 
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Table I. Comparative quantitation of hPL mRNA levels in intrauterine tissues obtained after cesarean 


section and normal vaginal delivery 





Tissues 
Placental trophoblast 100.00 
Placental basal plate 58.80 + 25.95 
Decidua parietalis 0.68 + 0.08* 
Chorion laeve 0.57 + 0.05* 
Amnion 0.00 


Cesarean section 








Normal vaginal delivery 


(n = 8) 95.44 + 21.89 (n = 5) 
(n = 5) 76.02 + 12.01 (n = 3) 
(n = 3) 0.36 + 0.04* (n = 4) 
(n = 3) 0.28 + 0.04* (n = 4) 
(n = 3) 0.00 (n = 3) 
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The signal from placental trophoblast was used as standard (100%). 


*Cesarean section versus normal vaginal delivery, p < 0.005. 


and for decidua or basal plate four placentas were 
used. Histologic examination of the harvested chorion 
laeve and scraped decidua showed the latter to be 
homogeneous whereas the chorion laeve was always 
contaminated by some decidual cells even after vigor- 
ous scraping. Control tissue was obtained via the Pa- 
thology Department, University of Hawaii, from the 
uterus (myometrium and endometrium) of a premen- 
opausal patient undergoing hysterectomy for leiomy- 
oma. Total RNA was isolated by extraction with gua- 
nidine thiocyanate—phenol—chloroform.® Polyadenylic 
acid—*RNA [Poly(A)*RNA] was isolated by affinity 
chromatography on oligothymidylic acid cellulose,’ de- 
natured in 0.66 mol/L formaldehyde and 50% vol/vol 
formamide, and processed by electrophoresis on 1.2% 
agarose gel containing 0.66 mol/L formaldehyde. RNA 
ladder (Bethesda Research Laboratories, Bethesda) 
and 18S and 28S ribosomal RNAs were used as molec- 
ular size markers. 

Phosphate 32 labeling of probes and hybridization. 
The 48 mer oligoprobe was labeled with 
[a-*P]deoxyadenosine triphosphate (3000 Ci/mmol, 
New England Nuclear) and terminal deoxynucleotidyl 
transferase (TDT; Bethesda Research Laboratories). 
The reaction mixture (25 wl), with the addition of 30 
U of TDT, was incubated at 37° C for 5 to 10 minutes, 
and the reaction was stopped by the addition of 400 pl 
of TE buffer (10 mmol/L Tris hydrochloride, 1 
mmol/L ethylenediaminetetraacetic acid (EDTA), pH 
7.6). The mixture was applied to a Sep-pak Cıs car- 
tridge (Waters, Milford, Mass.), and the labeled probe 
was eluted with methanol and dried under a stream of 
nitrogen gas. Hybridization was carried out by the basic 
method of Conner et al.” and Berent et al.'' with post- 
hybridization washes as described by Schleicher and 
Schuell.? The nylon membranes were prehybridized 
for 6 hours at 55° C in 6X SSPE (1 x SSPE is sodium 
chloride 8.7 gm/L, sodium biphosphate 1.4 gm/L, 
EDTA 0.37 gm/L, and sodium hydroxide to pH 7.5), 
10x Denhardt's solution, 0.1% sodium dodecyl sulfate, 
250 pg/ml transfer RNA, and salmon sperm DNA. The 
prehybridization buffer was removed and the hybrid- 
ization solution plus the labeled probe was added. Hy- 


bridization was performed at 55° C for 20 hours. The 
blots were washed in 6 x SSPE—0.1% sodium dodecyl 
sulfate three times at room temperature for 15 minutes 
each, then in 6X SSPE-—0.1% sodium dodecyl sulfate 
at 55° C for 15 minutes. The final wash was 6 x SSPE 
without sodium dodecyl sulfate at room temperature 
for 15 minutes. The blots were exposed to Fuji RX film 
(Fuji, Japan) in a cassette with intensifying screens at 
—70° C for 2 hours to 1 day as described in the figure 
legends. After autoradiography, the filters were washed 
by boiling in distilled water for 5 minutes and stored 
for 2 months before we reprobed with the hPL cDNA 
or other probes. No signs of diminishing quality were 
noticed after the filters were reprobed three or four 
times. 

The plasmid pBR322 containing a 540 base pair 
cDNA probe to hPL was cut with restriction endo- 
nuclease Pst I. The probe was randomly prime la- 
beled with [a-**P]deoxyadenosine triphosphate (>3000 
Ci/mmol) with the random primers labeling system 
(Bethesda Research Laboratories). Prehybridization 
and hybridization were performed at 42° C. The hy- 
bridization solution contained 5% dextran sulfate, 5 x 
SSPE, 5x Denhardt's reagent, 50% formamide, 0.1% 
sodium dodecyl sulfate, 100 ng/ml denatured salmon 
sperm DNA, and the probe at 5 X 10° counts/per mil- 
liliter. After hybridization the filters were washed four 
times (twice in 6X SSPE—0.1% sodium dodecyl sulfate 
at room temperature for 15 minutes each, once in 
3x SSPE-0.1% sodium dodecyl sulfate at 50° C for 30 
minutes, and finally in 1 x SSPE for 15 minutes at room 
temperature). The filters were exposed to x-ray film as 
described above. 

A 27 mer human B.-actin probe (Clontech Labs, Inc., 
Palo Alto, Calif.) was used as a control to assess the 
amount of poly(A)*RNA spotted onto the filters. How- 
ever, the B-actin probe could not be used as a standard 
between tissues since the amount of hybridization ob- 
tained with this probe varied from tissue to tissue: am- 
nion (6.0 + 1.1,n = 4), chorion (9.9 + 1.1,n = 4), de- 
cidua (7.3 + 1.4, n = 6), placental basal plate (3.1 + 
0.9, n = 8), and placental trophoblast (4.8 + 0.8, 
n = 7). 
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Figs. 1 to 6. Immunolocalization of hPL in fetal membranes (1 and 2) and at junction of placental 
trophoblast and basal plate. (Note: All sections were counterstained with hematoxylin to visualize 
cell nuclei. Where nuclei are bunched together in syncytiotrophoblast, this appears as a black region; 
however, it is not a product of immunolocalization.) 1, Immunostaining in cells (arrow) found at 
interface between chorionic cytotrophoblast (ch) of chorion laeve and decidua. There was no staining 
in amniotic epithelium (e) or amnion (a). 2, Serial section stained with normal rabbit serum (control) 
at 1:5000, the same concentration as primary antibody. 3, Dark staining for hPL in syncytiotro- 
phoblast (s) surrounding placental villi. Some cells of placental basal plate (bp) also stained positively 
for hPL. 4, Serial section stained with antiserum to hPL (1:5000) preabsorbed with 1000 ng/ml 
hPL. Staining in syncytiotrophoblast (s) and basal plate cells (bp) was much reduced. 5, Serial section 
stained with antiserum to hPL (1:5000) preabsorbed with 1000 ng/ml human prolactin. Note that 
staining was not diminished in either syncytiotrophoblast (s) or basal plate cells (bp), showing specificity 
of reaction with hPL. 6, Serial section stained with normal rabbit serum (control) at 1:5000, the 
same concentration as primary antibody. 
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Fig. 7. Northern analysis of RNAs from human amnion plus 
chorion plus decidua and placental trophoblast from term 
placenta at cesarean section with 48 mer oligoprobe to hPL. 
Amnion plus chorion plus decidua: poly(A)* RNA (20 pg, lane 
2), poly(A) RNA (20 ug, lane 3), and total RNA (20 pg, lane 
4). Placental trophoblast: poly(A)*RNA (20 pg, lane 5), 
poly(A) RNA (20 ug, lane 6), and total RNA (20 ug, lane 7). 
Hybridized with hPL 48 mer oligoprobe 3'-end labeled with 
[a-“*P]. The filter was hybridized under moderate stringency 
conditions as described and exposed to Fuji RX film for 2 
hours. Lane 1 and lane 8 were ribosomal markers. 


Densitometric analysis. Results were quantified by scan- 
ning densitometry with a video densitometer (model 
620; BioRad, Inc., Richmond, Calif.) and 1-D Analyst 
software for the IBM-PC. Hybridization signal inten- 
sity was expressed as area under peak of intensity for 
the individual poly(A)* RNA band. The hybridization 
signal obtained with the 48 mer hPL probe and 
poly(A)*RNA from the placental trophoblast was as- 
signed a relative number of 100, and the signals ob- 
tained from hybridization of poly(A)*RNA from the 
other tissues were expressed as a percentage of this. 


Results 


Immunolocalization. Immunostaining was often 
present in groups of cells at the interface between the 
chorionic cytotrophoblast of the fetal membranes and 
the adhering decidua. These positively stained cells 
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were present in three of the five elective cesarean sec- 
tion tissues examined (Fig. 1). It was difficult to tell 
from their position if these were true chorionic cyto- 
trophoblast cells or decidua cells; the latter are often 
found embedded in the cytotrophoblast cell layer. The 
interface cells appeared identical to those described as 
“intermediate trophoblast,” which was shown to have 
characteristic biochemical features and a diverse mor- 
phologic expression.’ They did not stain when control 
rabbit serum was used at the same concentration as 
primary antiserum (Fig. 2). 

The area where the placental basal plate joins the 
placental trophoblast is shown in Figs. 3 to 6. The syn- 
cytiotrophoblast surrounding the placental villi (the 
classic site of hPL production) stained darkly. However, 
some trophoblast cells that were interspersed with the 
decidua-like cells of the placental basal plate also 
stained (Fig. 3). These cells were present in only two 
of the five tissues examined, and one of these specimens 
was from the same patient who showed positive staining 
of the chorionic cytotrophoblast cells. 

When the antiserum to hPL was preabsorbed with 
highly purifed hPL over a range of 1 to 2000 ng/ml, 
staining was appropriately decreased at 1000 ng/ml in 
both the placental syncytiotrophoblast and the basal 
plate (Fig. 4). Staining was also decreased in the cells 
of the chorionic cytotrophoblast of the fetal membranes 
(now shown). When the antiserum to hPL was preab- 
sorbed with highly purified human prolactin over the 
same concentration range, staining was not diminished 
at any site, which demonstrates the specificity of this 
antiserum. A section treated with antiserum preab- 
sorbed with 1000 ng/ml human prolactin is shown in 
Fig. 5. There was no staining in the placenta or basal 
plate when normal rabbit serum was used in place of 
the immune serum, as shown in Fig. 6. 

Northern analysis. Filters with total RNA, poly(A) 
*RNA, and poly(A) RNA (composed of ribosomal and 
transfer RNA) from different tissues—amnion plus 
chorion plus decidua, amnion, chorion, decidua par- 
ietalis, placental villous trophoblast, and placental basal 
plate—were hybridized with either the 3’-end labeled 
48 mer oligoprobe or the randomly prime labeled hPL 
540 base pair cDNA probe. 

The 48 mer oligoprobe hybridized strongly to 
poly(A)*RNA from placental villous trophoblast (Fig. 
7, lane 5). Total RNA from this tissue also gave a pos- 
itive signal (Fig. 7, lane 7) that was stronger than that 
obtained from poly(A)* RNA from amnion plus chorion 
plus decidua (Fig. 7, lane 2), indicating the relative 
abundance of mRNA for hPL in placental trophoblast 
by comparison with the fetal membranes and decidua. 
There was no signal with total RNA from amnion plus 
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Fig. 8. Northern analysis of RNAs from amnion plus chorion 
plus decidua and placental trophoblast with a cDNA probe to 
hPL. The same filter as in Fig. 7 was hybridized with randomly 
prime “P-labeled cDNA probe to hPL. The moderate strin- 
gency hybridization conditions were as described. The film 
was exposed for 24 hours. 


chorion plus decidua (Fig. 7, lane 4) on this filter be- 
cause exposure to x-ray film was carried out for only 
2 hours; a longer exposure may have resulted in a 
positive signal. Poly(A)" RNA from the placental tro- 
phoblast and amnion plus chorion plus decidua gave 
no positive signal (Fig. 7, lanes 6 and 3, respectively). 
When the same filter was rehybridized with the cDNA 
probe, an identical pattern of positive signals was ob- 
served with both poly(A)*RNA and total RNA from 
placental trophoblast (Fig. 8, lanes 5 and 7) and with 
poly(A)*RNA from amnion plus chorion plus decidua 
(Fig. 8, lane 2). Thus the results from these two probes 
were the same and the positive signals obtained were 
at the 1.1 kilobase region. Results from cesarean section 
tissues and normal vaginal delivery were similar in pat- 
tern, and only that of cesarean section tissues is shown 
in Fig. 9. The hybridization obtained with the 48 mer 
probe and the poly(A)*RNA from the placental tro- 
phoblast gave the strongest signal (Fig. 9, lane 1), fol- 
lowed by that from the placental basal plate (Fig. 9, 
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Fig. 9. Northern analysis of poly(A)*RNA from separated 
amnion, chorion, decidua, basal plate, and placental tropho- 
blast from cesarean section tissues at term with 48 mer oli- 
goprobe to hPL. Poly(A)*RNA from placental trophoblast 
(4 ug, lane 1), basal plate (4 ug, lane 2), decidua (20 pg, lane 
3), chorion (20 ug, lane 4), amnion (20 yg, lane 5), and uterus 
(20 ug, lane 6) hybridized with a 48 mer oligoprobe under 
moderate stringency conditions as described. The film was 
exposed for 6 hours. 


lane 2). Weaker signals were observed from the poly(A) 
*RNA from the decidua parietalis and the chorion (Fig. 
9, lanes 3 and 4, respectively). No positive hybridization 
signal was obtained from the amnion or the uterus, 
which served as a negative control (Fig. 9, lanes 5 and 
6, respectively). 

Comparative quantitation of the hPL mRNA levels in 
these intrauterine tissues by densitometric analysis, with 
the signal from poly(A)*RNA in the placental tropho- 
blast of cesarean section tissues used as a standard 
(100%), is shown in Table I. Comparisons were made, 
with Student’s ¢ test, between the levels of mRNA for 
hPL in the placental tissues (trophoblast and basal plate) 
obtained after term elective cesarean section and spon- 
taneous vaginal delivery; there were no significant dif- 
ferences. However, there was significantly less mRNA 
for hPL in the decidua parietalis (p < 0.005) and the 
chorion laeve (p < 0.005) after normal vaginal delivery 
than in these tissues obtained before labor at elective 
cesarean section. There were no significant differences 
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in amounts of mRNA for hPL in the decidua parietalis 
versus the chorion laeve when these were compared in 
tissues collected under the same conditions. 


Comment 


Immunolocalization and northern analysis show the 
abundant presence of hPL in the classic tissue of origin 
for the systemic hormone, the placental trophoblast. 
However, this is the first report to identify unequivo- 
cally other sources of intrauterine synthesis of hPL and 
pose the questions of whether these sources are merely 
a minor contribution to the maternal plasma pool or 
whether the hPL synthesized is released and acts locally. 
The demonstration and distribution of hPL receptors 
in these tissues would help to clarify its function. 

The avidin-biotin immunoperoxidase technique has 
been used in this study with an antiserum to hPL on 
tissue with high endogenous concentrations of human 
prolactin. We have demonstrated the specificity of hPL 
immunolocalization by preabsorption of the antiserum 
to hPL and loss of immunostain by hPL but not by 
prolactin. In addition, the localization of cells positively 
stained for hPL in the fetal membranes and within the 
placental basal plate is different from that obtained with 
highly specific monoclonal antibodies to human pro- 
lactin."° 

The immunostaining results have been carried out 
in parallel with northern analyses, first with a 48 mer 
oligoprobe to hPL and then with a cDNA probe by 
using the same filters for hybridization. Since the hy- 
bridization and posthybridization washes of the two 
probes were performed at moderate stringency, the 
possibility of cross-hybridization with mRNAs either for 
human prolactin or for placental growth hormone 
variant'* was eliminated. 

The results with both techniques agree that the major 
intrauterine source of hPL is the villous trophoblast. 
In addition, both techniques showed that the extra- 
villous trophoblast of fetal origin and containing “in- 
termediate trophoblast” contains populations of cells 
that express the hPL gene, confirming previous im- 
munolocalization studies. ° However, maternal de- 
cidua,'* which does not undergo immunostaining to 
hPL, when scraped from the chorion, gave amounts of 
hPL mRNA by northern analysis approximately equal 
to those shown for extravillous chorionic cytotropho- 
blast. It seems likely that, in the absence of the use of 
specific cell markers for the trophoblast cells in our 
decidual samples, the decidual mRNA for hPL was due 
to a contamination from “intermediate trophoblast.” 
The problem is compounded by our inability to distin- 
guish “intermediate trophoblast” and decidual cells in 
the scraped decidual samples. In previous work the 
presence of hPL in these cells demonstrated by im- 
munocytochemistry has been used as a marker per se 
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and as justification for the term intermediate trophoblast 
for these cells? There was no evidence of hPL pro- 
duction by the amnion by either northern analysis or 
immunocytochemistry. 

There were significantly lower levels of hPL mRNA 
in both the chorion and scraped decidua, but not in 
the trophoblast after spontaneous vaginal delivery, than 
in similar tissues collected after elective term cesarean 
section. This suggests either that there was a loss of 
cellular integrity during the course of labor and deliv- 
ery in the chorion and decidua but not in the placental 
tissues, where no such difference was found, or that 
the relatively larger amounts of mRNA for hPL in the 
placental tissues obscured any small quantitative dif- 
ferences. 

In summary, this study shows that the placental syn- 
cytiotrophoblast is not the sole intrauterine source of 
hPL, although it is still unquestionably the major one. 
It is not yet known whether the extratrophoblast 
sources express the gene for hPL throughout gestation, 
but from immunocytochemical studies carried out 
throughout gestation, it appears likely that they do.* ° 
Technically it seems very difficult if not impossible to 
obtain decidual tissue free from extravillous tropho- 
blast (intermediate trophoblast) cells. It is not known 
whether the hPL from the fetal membranes and basal 
plate merely contributes to the large maternal pool pro- 
vided by the syncytiotrophoblast or whether it may have 
independent, local, or paracrine functions. 


We thank Mrs. Sandra Yamamoto for her excellent 
technical assistance, and the nursing staff of the deliv- 
ery suite at Kapiolani Medical Center for Women and 
Children for their help in obtaining fresh tissues. We 
thank Dr. H. Friesen, University of Winnipeg, for the 
antiserum to hPL, Dr. A. F. Parlow, University of Cal- 
ifornia, for the gift of purified hPL, and Dr. I. Boime, 
Washington University, for the cDNA probe to hPL. 
The gift of human prolactin from the National Hor- 
mone and Pituitary Program (National Institute of Di- 
abetes and Digestive and Kidney Diseases) is gratefully 
acknowledged. The helpful discussions with Dr. F. C. 
Greenwood are also acknowledged. 


REFERENCES 


1. De Ikonicoff LK, Cedar L. Localization of human chori- 
onic gonadotropic and somatomammotropic hormones 
by peroxidase immunohistoenzymologic method in villi 
and amniotic epithelium of human placentas (from six 
weeks to term). AM J OBSTET GYNECOL 1973;116:1124-32. 

2. Watkins WB. Use of immunocytochemical techniques for 
the localization of human placental lactogen. J Histochem 
Cytochem 1978;26:288-92. 

3. Boime I, Boothy M, Hoshina M, Daniels-McQueen S, Dar- 
nell R. Expression and structure of human placental hor- 
mone genes as a function of placental development. Biol 
Reprod 1982;26:73-91. 

4. McWilliams D, Boime I. Cytological localization of pla- 
cental lactogen messenger ribonucleic acid in syncytiotro- 


Volume 162 
Number 5 


phoblast layers of human placenta. Endocrinology 1980; 
107:761-5. ; 

5. Kurman RJ, Main CS, Chen HC. Intermediate tropho- 
blast: a distinctive form of trophoblast with specific mor- 
phological, biochemical and functional features. Placenta 
1984;5:349-69. 

6. Sasagawa M, Yamazaki T, Endo M, Kanazawa K, Takeuchi 
S. Immunohistochemical localization of HLA antigens 
and placental proteins (alpha hCG, beta hCG, CTP, hPL 
and SP, in villous and extravillous trophoblast in normal 
human pregnancy: a distinctive pathway of differentia- 
tion of extravillous trophoblast. Placenta 1987;8:515-28. 

7. Hsu SM, Raine L, Fanger H. The use of avidin-biotin 
peroxidase complex (ABC) in immunoperoxidase tech- 
niques: a comparison between ABC and unlabelled an- 
tibody (PAP) procedures. J Histochem Cytochem 1981; 
29:577-80. x 

8. Chomczynski P, Sacchi N. Single-step method of RNA 
isolation by acid guanidinium thiocyanate-phenol- 
chloroform extraction. Annal Biochem 1987;162:156-9. 

9. Aviv H, Leder P. Purification of biologically active globin 
messenger RNA by chromatography on oligothymidylic 
acid-cellulose. Proc Natl Acad Sci 1972;69:1408-12. 

10. Connor BJ, Reyes AA, Morin C, Itakura K, Teplitz RL, 


Intrauterine human placental lactogen 


Wallace RB. Detection of sickle cell B*-globin allele by 
hybridization with synthetic oligonucleotides. Proc Natl 
Acad Sci USA 1983;80:278-82. 

11. Berent SL, Mahmoudi M, Torczynski RM, Bragg PW, 
Bollon AP. Comparison of oligonucleotides and long DNA 
fragments as probes in DNA and RNA dot, Southern, 
northern, colony and plaque hybridizations. Biotech- 
niques 1985 May-June: 208-20. 

12. Schleicher and Schuell, Inc. Northern transfer onto S&S 
Nytran nylon membranes. In: Transfer and immobiliza- 
tion of nucleic acids to S&S solid supports. Schleicher and 
Schuell, Inc., 1987:12-9. 

13. Sakbun V, Hausell DJ, Jara CS, Greenwood FC, Bryant- 
Greenwood GD. The localization of prolactin and its 
mRNA in the human fetal membrane, decidua and pla- 
centa. Troph Res [In press]. 

14. Cooke NE, Ray J, Emery JG, Liebhaber SA. Two distinct 
species of human growth hormone-variant mRNA in the 
human placenta predict the expression of novel growth 
hormone proteins. J Biol Chem 1988;263:9001-6. 

15. Hamilton WJ, Boyd JD. Development of the human pla- 
centa in the first three months of gestation. J Anat 
1960;90:297-328. 





Reduction of postoperative adhesions in the rat uterine horn 


model with poloxamer 407 


Richard E. Leach, MD, and Raymond L. Henry, PhD? 


Royal Oak and Detroit, Michigan 


Adjuvants shown to have significant adhesion prevention capabilities have been based on barrier 
separation of deperitonealized surfaces. We investigated the adhesion prevention properties of poloxamer 
407. This polyol, in the proper concentration, is fluid at room temperature and becomes a firm gel at body 
temperature. The prevention of postoperative adhesions was evaluated in the rat uterine horn model. 
Twenty-two rats underwent bilateral surgical injury to the uterine horn and the parietal peritoneum. A 
random side was treated with a 30% solution of poloxamer 407. Twenty-one days later the animals were 
sacrificed and evaluated for the presence of adhesions. A highly significant reduction in adhesion 
formation was documented on the treated side. (AM J OssteT GYNECOL 1990;162:1317-9.) 


Key words: Poloxamer 407, adhesion formation, uterine horn model 


Postoperative pelvic adhesions are associated with in- 
fertility. Musich and Behrman’ found significant peri- 


From the Department of Obstetrics and Gynecology, William Beau- 
mont Hospital, Royal Oak,’ and the Department of Physiology, 
Wayne State University School of Medicine, Detroit.’ 

Supported by Mediventures Incorporated, Grosse Pointe Park, 
Michigan. 

Presented at the Thirty-sixth Annual Meeting of the Society 
for Gynecologic Investigation, San Diego, California, March 
15-18, 1989. 

Received for publication August 3, 1989; revised December 28, 1989; 
accepted January 18, 1990. 

Reprint requests: Richard E. Leach, MD, Reproductive Endocrinol- 
ogy, Department of Obstetrics and Gynecology, Mayo Graduate 
School of Medicine, Rochester, MN 55905. 

6/1/19490 


adnexal adhesions at laparoscopy in 72% of women 
with prior pelvic operations. The degree of adhesion 
formation, especially on the fallopian tube, is directly 
associated with pregnancy rates.? Few agents have been 
documented to be effective in suppressing adhesion 
formation, except possibly the introduction of 32% 
dextran 70 solutions into the peritoneum.’ The oxi- 
dized cellulose barrier TC-7 and chondroitin sulfate 
solutions are.also effective in preventing adhesions in 
rabbits." ® The mechanism of action of the above ad- 
juvants is proposed to be the persistent separation of 
adjacent deperitonealized surfaces until reperitoneali- 
zation occurs. Thus far, adjuvants shown to have sig- 
nificant adhesion prevention properties have been 
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based on barrier separation of tissue.° We investigated 
the adhesion prevention properties of poloxamer 407. 
This compound is a commercially available block 
copolymer of polyoxyethylene and polyoxypropylene 
with a molecular weight of 11,500 daltons. This polyol, 
in the proper concentration, is fluid at room tem- 
perature and becomes a firm gel at body temper- 
ature. When positioned properly between two ad- 
jacent surfaces, it acts as a device with barrier char- 
acteristics. 


Material and methods 


Twenty-two female Sprague-Dawley rats (300 to 400 
gm body weight) were anesthetized with pentobarbital 
sodium (30 mg/kg) injected intraperitoneally through 
the left subcostal region of the ventral abdominal wall. 
The abdomen was opened by a 5 cm midline vertical 
incision and a 1 cm segment of each uterine horn was 
stripped of serosa with a no. 10 scalpel blade. A bilateral 
1 cm? parietal area on the lateral abdominal wall at the 
level of the uterine horn was excised, including part of 
the underlying muscle layer. Although some bleeding 
did occur, no active bleeding persisted and no attempt 
to obtain hemostasis was needed. 

Poloxamer 407 (Pluronic F-127; BASF Wyandotte 
Corp., Parsippany, N. J.) in a 30% solution was cooled 
to 4° C and applied to both the uterine horn and the 
parietal peritoneal defect on one side by syringe. The 
liquid polyol gelled within seconds, enabling the gel 
surface to be smoothed by the applicating needle. Ap- 
proximately 0.5 and 1.5 ml of the poloxamer solution 
was needed to cover adequately both the uterine horn 
and the peritoneal defect, respectively. The other side 
was not treated. 

The denuded area on each uterine horn was ap- 
proximated to within 0.5 cm of the peritoneal defect 
by a single 3-0 Vicryl ligature suture placed adjacent 
to the injured sites. This step ensured the proximity of 
the uterine horn to the peritoneal defect until reperi- 
tonealization had occurred. The abdominal wall was 
closed with a single layer of interrupted 0-0 Vicryl su- 
ture. Twenty-one days later, each animal was sacrificed 
and the abdomen was examined for the presence and 
degree of adhesion formation. 

The following grading system of Linsky et al.* was 
used: 0, no adhesions observed; 1, adhesions on 25% 
of the traumatized area; 2, adhesions on 50% of the 
traumatized area; and 3, total area involved. The char- 
acter of adhesion was evaluated according to the scale 
0.0, no resistance to separation; 0.5, moderate force 
required for separation; and 1.0, sharp dissection 
needed for separation. 

A total score was obtained by adding the two grading 
scales, with a range from 0.0 to 4.0 assigned for each 
region evaluated. Data were analyzed by the rank 
sum test. 
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Results 

Each animal served as its own control, with 20 of 22 
rats surviving 21 days. Two animals died within 72 
hours of operation from evisceration between intact 
sutures that were placed too far apart. Care was taken 
with subsequent animals to place interrupted sutures 
approximately 5 mm apart, and no further evisceration 
occurred. Surviving animals showed no evidence of 
other complications. Examination of the abdomen at 
necropsy revealed no residual polyol gel, no adhesions 
to the incision site, and no evidence of ascites. 

Nineteen of twenty animals (95%) developed adhe- 
sions on the untreated control side (Table I). The 
mean (+SD) combined score of area involvement and 
character of adhesions averaged 3.2 + 1.1. Only 8 of 
the 20 rats (40%) had evidence of adhesions on the 
poloxamer-treated side. The mean combined score for 
these eight animals was 1.6 + 0.4. Taken together, with 
the experimental sites having no adhesions, the com- 
bined mean score for the poloxamer-treated side was 
only 0.7 + 0.9. This difference was statistically signif- 
icant at p = 3.86 x 107°. l 


Comment 


Poloxamer 407 solutions are in the fluid phase at 
appropriate concentrations below body temperature 
and transform to a firm gel at body temperature. Gel 
formation by the polyol solution depends on concen- 
tration, pH, and the molecular weights of the hydro- 
phobes used to formulate the molecules.” This sub- 
stance is metabolized in the liver and excreted in bile 
and urine.® This family of compounds is considered 
safe and nontoxic for the biologic uses proposed.® 
These uses include mouthwashes, cosmetic formula- 
tions, and direct food additives.’° This material has 
been used experimentally as wound coverings or dress- 
ings in thermal burn models in rats and pigs.'"” 

We tested a relatively high concentration of polox- 
amer 407 to determine if adhesions could be prevented 
by mechanical separation of tissues. We cooled the 
preparation well below body temperature for applica- 
tion in the fluid state. A 20% solution of poloxamer is 
fluid at room temperature (22° C) and a gel at body 
temperature.” This concentration will need to be eval- 
uated for adhesion prevention properties. If effective, 
this preparation may eliminate the need for preappli- 
cation cooling of the solution. In addition, certain ad- 
ditives can reduce the concentration of the polyol 
needed for effective gel formation.’ 

A high rate (95%) of adhesion formation was induced 
on the untreated side by approximating the uterine 
horn to the side wall of the abdomen. This approach 
is similar to the rabbit uterine horn model described 
by Boyers et al.'* 

The reduction of adhesion formation we noted was 
presumably due to a mechanical separation of the de- 
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Table I. Primary adhesion formation in the presence and absence of poloxamer 407 

















Group 


Control 
Poloxamer 407 20 12 60 





Mean + SD Median 
+ 1.1 4 
8 40 0.7 + 0.9 0 





peritonealized surfaces by the gel matrix until sufficient 
reperitonealization had occurred. There was no evi- 
dence of residual polyol gel 21 days after operation. 
No data are available regarding the polyol’s fibrinolytic 
or antiinflammatory activity. Our results from the phys- 
ical separation of the adjacent tissues were comparable 
to those found with TC-7, a resorbable oxidized cel- 
lulose membrane, in a rabbit model.* Application into 
the peritoneal cavity in the fluid phase makes polox- 
amer 407 well suited for laparoscopic procedures at a 
time when pelviscopy is becoming more widely used. 
The benefit of dextran 70 solutions in preventing post- 
operative adhesions is limited to the more dependent 
regions of the pelvis.? Because poloxamer 407 may be 
applied directly to the deperitonealized surfaces, its ef- 
fectiveness is not influenced by peritoneal defect lo- 
cation in the pelvis. Anaphylactic reactions have been 
associated with the introduction of hyperosmotic dex- 
tran 70 solutions into the peritoneum." No case of ana- 
phylactic reaction to poloxamer 407 in animal or hu- 
man use has been reported. Dextran 70 solutions sup- 
port bacterial growth and their use in patients with 
pelvic infection is contraindicated.” Polyols are biolog- 
ically inert at a 4% concentration in nutrient media.'® 
This preliminary investigation is intended, first, to 
document the efficacy of poloxamer gel as a mechanical 
barrier in reducing primary formation of postoperative 
adhesions, and second, to devise a model that may be 
used in a controlled, prospective, randomized study to 
document histochemical changes of injured perito- 
neum covered by poloxamer gel during the repair pro- 
cess. This study did not address the rate of reperito- 
nealization of treated versus untreated sites, nor the 
rate of resorption of poloxamer gel from the peritoneal 
cavity. These points are currently being investigated. 
In conclusion, poloxamer 407 significantly reduced 
adhesion formation in the rat uterine horn model. This 
model was effective in consistently inducing adhesions 
at untreated sites. Poloxamer 407 has several advan- 


tages over currently used barrier adjuvants in repro- 


ductive surgery. 


Addendum 


The efficacy of Interceed (TC-7) to reduce postsur- 
gical adhesions has also been documented in women.” 
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Pregnancy does not alter lidocaine toxicity 


Hisayo O. Morishima, MD, PhD, Mieczyslaw Finster, MD, G. Richard Arthur, PhD, and 


Benjamin G. Covino, PhD, MD 
New York, New York, and Boston, Massachusetts 


Pregnant sheep are more vulnerable to the toxic effects of bupivacaine, a potent local anesthetic, than are 
nonpregnant sheep. In contrast, ovine pregnancy does not enhance the toxicity of mepivacaine, a drug 
with properties similar to lidocaine. We studied the central nervous and cardiovascular toxicity of lidocaine 
in pregnant sheep receiving a continuous intravenous drug infusion at the rate of 2 mg/kg/min and 
compared our results with data previously obtained in nonpregnant ewes. In all animals, toxic 
manifestations occurred in the following sequence: convulsions, hypotension, respiratory arrest, and 
circulatory collapse. The doses of lidocaine required to produce these symptoms in pregnant and 
nonpregnant ewes were similar. Convulsions occurred at 5.9 + 0.6 mg/kg (mean + SE) in the pregnant 
ewe and 5.8 + 1.8 mg/kg in the nonpregnant ewe, whereas circulatory collapse occurred at 40.7 + 2.6 
and 36.7 + 3.3 mg/kg in the pregnant and nonpregnant animals, respectively. Lidocaine plasma 
concentrations associated with the onset of convulsions in both pregnant and nonpregnant ewes were 
almost identical (12.1 + 0.7 and 11.7 + 2.0 pg/ml, respectively). At circulatory collapse, these 
concentrations were 35.1 + 3.2 and 41.2 + 6.7 ug/ml, respectively. It appears that pregnancy does not 
enhance the toxic effects of lidocaine. These findings are similar to those for mepivacaine but not for 
bupivacaine, and may be related in part to differences in the way pregnancy affects serum protein binding 


of these drugs. (Am J Osstet GYNECOL 1990;162:1320-4.) 


Key words: Obstetric anesthesia, local anesthetics, lidocaine, toxicity 


Pregnancy enhances the toxic effects of bupivacaine, 
a potent local anesthetic.’ Most cases in which cardio- 
vascular collapse has been reported after the inadver- 
tent intravenous injection of bupivacaine have involved 
parturients.? We have demonstrated in ewes receiving 
a constant rate intravenous infusion of bupivacaine that 
the awake pregnant ewe develops cardiovascular toxic 
manifestations with a smaller dose of drug than the 
nonpregnant sheep.’ Similarly, the plasma bupivacaine 
concentration associated with circulatory collapse was 
reduced in the pregnant ewe. Acidosis, hypercarbia, 
hypoxia, and hyperkalemia increase the cardiac toxicity 
of bupivacaine.* * However, arterial blood pH, gas ten- 
sions, and plasma potassium concentrations measured 
during bupivacaine infusion are similar in both groups 
of animals.' To determine whether these findings are 
unique to bupivacaine, or whether the cardiotoxicity of 
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all local anesthetics may be enhanced in pregnant ewes, 
similar studies were conducted with mepivacaine. The 
toxicity of mepivacaine, in terms of doses and plasma 
drug concentrations, was similar in pregnant and non- 
pregnant ewes.’ 

The present study was designed to determine the 
toxic thresholds of lidocaine in the pregnant sheep and 
to compare them with those previously obtained for 
nonpregnant ewes.° 


Material and methods 


The protocol was approved by the institutional An- 
imal Care and Use Committee. Eight pregnant sheep 
with a mean (+SE) weight of 56.1 + 4.3 kg carrying 
fetuses of 132 + 3 days of gestation (term = 148 days) 
were studied. Details of the operative procedure have 
been described.° Briefly, under local infiltration with 2- 
chloroprocaine, catheters were placed into the carotid 
artery and jugular vein of the ewe. The animal was 
allowed to recover from the surgery for at least 3 days 
before the experiment. During the study the ewe was 
placed in a cart with a sling stretched under its chest 
and abdomen to prevent it from falling during con- 
vulsions. After a control period of 30 minutes, lidocaine 
hydrochloride was infused continuously into the jug- 
ular vein at the rate of 2 mg/kg/min until circulatory 
collapse was evident from recordings of the arterial 
blood pressure and heart rate. Arterial pressure was 
recorded by a Statham P23 D transducer and a Beck- 
man Instruments (Fullerton, Calif.) polygraph direct- 
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Table I. Mean (+SE) values for heart rate and mean arterial blood pressure before and during 


lidocaine infusion 








Control 
Heart rate (beats/min) 102 +6 
Mean arterial pressure (mm Hg) 91 +5 


Respiratory 
Convulsions Hypotension arrest 
14] + 9* 116 + 12 103 + 10 
153 + 11* 58 + 6* 35 + 5* 





*Significantly different from control. 


writing recorder. The instantaneous heart rate was re- 
corded electrically based on a beat-to-beat interval de- 
rived from the pulse pressure curve. Respiration was 
also monitored. Arterial blood samples were drawn be- 
fore the infusion of lidocaine and at the onset of major 
signs of intoxication, which occurred in the usual se- 
quence: tonic-clonic convulsions, hypotension, respi- 
ratory arrest, and circulatory collapse. Arterial blood 
samples were analyzed for pH, partial pressure of car- 
bon dioxide, and partial pressure of oxygen. Arterial 
plasma lidocaine concentrations were determined by a 
gas chromatographic technique similar to that de- 
scribed by Tucker.” The assay was calibrated to measure 
concentrations down to 0.05 ug/ml. The day-to-day 
coefficient of variation of this assay in our laboratory 
is <10% over the concentration range studied. 
Differences between mean dosages associated with 
the onset of each toxic manifestation for both groups 
were assessed by Student’s ¢ tests. Analyses of vari- 
ance were used to determine within-group, between- 
symptom differences. A p value <0.05 was considered 
significant. Power analyses of the mean lidocaine dos- 
ages required to produce toxic symptoms in both the 
pregnant and nonpregnant ewes were conducted. 


Results 


Mean values for heart rate and arterial pressure be- 
fore lidocaine infusion were normal for our laboratory 
(Table I). Approximately 3 minutes after the start of 
the infusion, shivering and twitching were noted, im- 
mediately followed by tonic-clonic convulsions associ- 
ated with hypertension and tachycardia. The mean ar- 
terial pressure rose from 91 + 5 to 153 + 11 mm Hg 
and heart rate increased from 102 + 6 to 141 +9 
beats/min. As lidocaine infusion was maintained, con- 
vulsions continued intermittently in all animals until 
the onset of respiratory arrest. Hypotension associated 
with bradycardia appeared 17 + 1 minute from the 
onset of infusion. All animals hyperventilated sponta- 
neously while convulsing, until a short period of shallow 
tachypnea developed, followed by respiratory arrest. 
Circulatory collapse occurred rapidly after cessation of 
respiration; the interval between apnea and cardiac ar- 
rest was 2 minutes or less. 

The mean preinfusion values for arterial pH and 
blood gases were: pH, 7.52 + 0.01; carbon dioxide 


pressure, 31 + 1 mm Hg; and oxygen pressure, 86 + 2 
mm Hg. In all animals these values were well main- 
tained during convulsions until shallow tachypnea de- 
veloped. A sudden fall (p < 0.001) in arterial pH to 
7.37 + 0.03 and in arterial oxygen pressure to 45 + 7 
mm Hg occurred at that time: these values declined 
further, and arterial carbon dioxide pressure rose pre- 
cipitously thereafter (Fig. 1). 

The mean dosages of lidocaine required to produce 
toxic symptoms are shown in Fig. 2, together with the 
data obtained from nonpregnant ewes in a previous 
study.® Both pregnant and nonpregnant animals dem- 
onstrated convulsive activity at mean doses that were 
almost identical (5.9 + 0.6 and 5.8 + 1.8 mg/kg, re- 
spectively). As the infusion continued, other toxic man- 
ifestations developed in both groups at similar doses. 
Circulatory collapse occurred at 40.7 + 2.6 mg/kg in 
the pregnant ewes and at 36.7 + 3.3 mg/kg in the non- 
pregnant animals. The power of the test was relatively 
low for doses of lidocaine necessary to produce con- 
vulsions and hypotension (5% and 27%, respectively). 


. The power was very high for respiratory arrest (100%) 


and modest for circulatory collapse (58%). 

Plasma concentrations of lidocaine associated with 
the onset of each toxic symptom in the pregnant ewes 
were also similar when compared with those obtained 
in nonpregnant animals (Fig. 3). For example, con- 
vulsions began at the mean plasma concentrations of 
12.1 + 0.7 ug/ml in the pregnant ewes and 11.7 + 2.0 
ug/ml in the nonpregnant animals. At circulatory col- 
lapse these values were 35.1 + 3.2 and 41.2 + 6.7 
pg/ml, respectively. 


Comment 


These data indicate that pregnant ewes are no more 
vulnerable to lidocaine toxicity than are nonpregnant 
ewes. The mean dosages and plasma concentrations of 
lidocaine necessary to produce major symptoms of tox- 
icity were similar in pregnant and nonpregnant ani- 
mals. It seems accurate to conclude that the probability 
of making a Type II error is quite high in the two early 
toxic symptoms, but low to moderate for more severe 
manifestations. Because the power of the tests for res- 
piratory arrest and circulatory collapse were 100% and 
58%, respectively, we can conclude that one might be 
able to detect differences between pregnant and non- 
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Fig. 1. Mean (+SE) values for arterial pH (pHa), arterial car- 
bon dioxide pressure (PaCO,), and arterial oxygen pressure 
(PaO,) before (control) and at the onset of each toxic mani- 
festation during constant rate intravenous lidocaine infu- 
sion to pregnant ewes. Resp., Respiratory; Circ., circulatory. 
*p < 0.05. 


pregnant animals, if there truly were such differences. 
The ¢ tests suggest that there were no differences be- 
tween the study groups. 

To establish the margin of safety for amide local an- 
esthetics, dosages and plasma concentrations of lido- 
caine associated with convulsions and circulatory col- 
lapse in pregnant and nonpregnant sheep (expressed 
as circulatory collapse/convulsion ratios) were com- 
pared with those previously reported for mepivacaine’ 
and bupivacaine? (Table II). The dosage and plasma 
concentration ratios of bupivacaine were significantly 
lower than those of lidocaine and mepivacaine in both 
pregnant and nonpregnant animals. For example, in 
pregnant ewes the dosage ratios were 7.2 + 0.6 for 
lidocaine and 9.2 + 1.3 for mepivacaine, compared 
with 2.7 + 0.4 for bupivacaine (p < 0.001). The values 
for plasma concentration ratios in pregnant animals 
were 3.0 + 0.3 for lidocaine (p < 0.001) and 2.4 + 0.3 
for mepivacaine (P < 0.01), compared with 1.4 + 0.1 
for bupivacaine. f 

The results of this study were compared with values 
previously obtained for lidocaine (nonpregnant ewes) 
and for bupivacaine and mepivacaine (pregnant and 
nonpregnant ewes). All the studies were conducted by 
the same group of investigators under identical con- 
ditions. Animals were of the same mixed breed and the 
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Table II. Mean (+SE) ratios of circulatory 
collapse to convulsive doses and plasma 
concentrations of lidocaine, mepivacaine, 
and bupivacaine in pregnant and 
nonpregnant ewes 
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ratios* 
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ratios* 
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Nonpregnant} 
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*Circulatory collapse/convulsion ratio. 
+Previously obtained data." *® 


Significantly different from other local anesthetics in non- 
pregnant ewes. 


§Significantly different from other local anesthetics in preg- 
nant ewes. 


Table III. Drug concentrations at 
circulatory collapse 





Total drug | Protein Free drug 
concentration | bound | concentration 
(ug/ml) (%) (ug/ml) 
Bupivacaine* 
Pregnant 5.5 51 2.7 
Nonpregnant 8.0 70 2.2 
Mepivacaine* 
Pregnant 45.6 22 35.6 
Nonpregnant | 41.6 22 32.4 





*Previously obtained data. 


rate of drug infusion was adjusted for differences in 
intravenous toxicity. 

Factors altering the toxicity of local anesthetics in 
pregnancy have not been explored. In mice, pregnancy 
decreased the convulsive threshold to both bupivacaine 
and lidocaine.* Hormonal changes may be responsible 
for altered sensitivity of nerve membranes to local an- 
esthetics.*"' A recent study has shown that pretreating 
rabbits with progesterone increases the in vitro effects 
of bupivacaine (but not of lidocaine) on transmembrane 
action potential parameters in Purkinje fibers and ven- 
tricular muscle cells.” Data from our laboratories sug- 
gest that the gestational decrease in the protein binding 
of bupivacaine may be the cause of the drug’s increased 
cardiotoxicity in the pregnant sheep.”* Protein binding 
of mepivacaine and bupivacaine was determined in sera 
obtained from pregnant and nonpregnant ewes, at 
drug concentrations associated with toxic symptoms. In 
Table III, free drug concentrations have been calcu- 
lated on the basis of protein binding data. Whereas 
circulatory collapse occurred at significantly lower total 
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Fig. 2. Mean (+ SE) dosages of lidocaine required to produce toxic symptoms. Data for nonpregnant 
ewe were obtained previously.® Resp., Respiratory; Circ., circulatory. 
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Fig. 3. Mean (+SE) lidocaine concentrations in plasma with the onset of each toxic manifestation 
in pregnant and nonpregnant sheep. Data for nonpregnant ewes were determined previously.’ Resp., 


Respiratory; Circ., circulatory. 


- plasma concentrations of bupivacaine in pregnant ewes 
than in nonpregnant animals (5.5 vs. 8.0 ug/ml, re- 
spectively), the concentrations of free drug were similar 

- (2.7 and 2.4 pg/ml, respectively). This was because the 
drug was 51% bound to serum proteins in the pregnant 
animals and 70% bound in the nonpregnant ewes. In 
contrast, mepivacaine total and free drug concentra- 
tions were similar in both groups of sheep because pro- 
tein binding was practically identical. Because lidocaine 
protein binding is similar to that of mepivacaine, the 
same speculation could be made on the possible role of 
protein binding to explain why lidocaine-induced tox- 


icity is not altered during pregnancy. Measurement of 


serum protein binding for lidocaine in pregnant and 
nonpregnant ewes is pending. 


We conclude that pregnancy does not enhance the 
cardiotoxicity of lidocaine, which is in contrast to results 
obtained with bupivacaine and may be related in part 


` to differences in pregnancy-induced changes in serum 


protein binding. Data from this animal study are in 
agreement with the experience gained from the use of 
local anesthetics for pain relief in obstetrics. As already 
stated, most cases in which an unintended intravascular 
injection of bupivacaine resulted in a prompt cardio- 
vascular collapse involved pregnant women? In con- 
trast, parturients receiving an intravenous injection of 
a large dose of lidocaine, intended for epidural or para- 
cervical block, manifested convulsions but no severe 
cardiovascular toxicity as long as ventilation and oxy- 
genation were well maintained." 
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Intrauterine asphyxia and the breakdown of physiologic 
circulatory compensation in fetal sheep 


Barry S. Block, MD; Donald H. Schlafer, DVM, PhD, Richard A. Wentworth, PhD, 
Lois A. Kreitzer, MS,’ and Peter W. Nathanielsz, MD, PhD‘ 


Chicago, Illinois, and Ithaca, New York 


In response to acute hypoxemia, the fetus invokes physiologic compensatory mechanisms that cause a 
preferential redistribution of the circulation to sustain the brain, heart, and adrenal gland and maintain 
blood flow to the placenta. These mechanisms are available for a limited time and eventually the fetus is 
no longer able to maintain preferential perfusion and decompensation occurs. To identify the relationship 
between hypoxemia with severe acidemia and the breakdown of circulatory compensation, we decreased 
uterine blood flow in 10 chronically instrumented pregnant sheep. We measured fetal blood gases and pH, 
arterial and centra! venous pressures, heart rate, combined ventricular output, and regional blood flow 
distribution during hypoxemia with severe acidemia and when a fixed-baseline sustained bradycardia 
(agonal) heart rate pattern developed. Hypoxemia with severe acidemia was characterized by markedly 
decreased blood flow to most organs; however, the preferential perfusion of the brain, heart, adrenal 
gland, and placenta was still present. An agonal heart rate pattern was characterized by complete 
cardiovascular collapse. This study demonstrates that circulatory compensation is present in fetal sheep 
affected by deficiency of oxygen delivery despite hypoxemia with severe acidemia. (AM J OBSTET GYNECOL 


1990;162:1325-31.) 


Key words: Pregnancy, obstetrics, hypoxia, microspheres 


Intrauterine fetal asphyxia is a leading cause of fetal 
death and newborn cardiovascular and respiratory 
depression.’ Asphyxia is characterized by hypoxemia 
with acidemia commonly associated. with deficient oxy- 
gen delivery to the fetus. Decreased oxygen delivery of 
maternal origin has been produced experimentally in 
pregnant ewes by reducing the maternal arterial oxy- 
gen content,®° restricting uterine blood flow,** or a 
combination of both. Combined Po, reduction and 
uterine blood flow restriction has the advantage that 
the chemoreceptor and/or reflex response to acute hy- 
poxemia is enhanced when resting Po, is reduced.’ In 
response to acute hypoxemia, the fetus invokes phys- 
iologic compensatory mechanisms that produce a re- 
distribution of the circulation to sustain the brain, 
heart, and adrenal gland and maintain blood flow to 
the placenta.* These mechanisms are available for a 
limited time, and eventually the fetus is no longer able 
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to maintain preferential perfusion and decompensa- 
tion occurs. The purpose of this study was to identify 
the relationship between hypoxemia with severe aci- 
demia and the breakdown of physiologic circulatory 
compensation. 


Material and methods 


Ten mixed-breed Rambouillet-Columbia pregnant 
ewes of known gestational age were included in this 
study. Surgery was performed with halothane general 
anesthesia after a 24-hour fast. The maternal abdomen 
was prepared by an aseptic technique, and the uterus 
was exposed through a midline abdominal incision. A 
pelvic limb of the fetus was exteriorized through an 
incision made in the uterus. Polyvinyl catheters (“oo- 
inch inside diameter) were advanced into the fetal de- 
scending aorta through the femoral artery, into the 
inferior vena cava through the femoral vein, and, 
through a separate incision, into the ascending aorta 
through the fetal carotid artery and into the superior 
vena cava through the jugular vein. A polyvinyl cath- 
eter was placed in the amniotic cavity, and the incision 
was closed. The maternal neck was prepared by an 
aseptic technique and polyvinyl catheters were placed 
in the carotid artery, jugular vein, and trachea. A No. 
6 Fogarty balloon-tip catheter (Edwards Laboratories, 
Santa Ana, Calif.) was placed into the descending aorta 
through the femoral artery, with the tip distal to the 
renal arteries. The ewe was given 250 mg ampicillin 


aan 
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Fig. 1. Fetal heart rate and carotid artery blood pressure during maternal nitrogen infusion and 
aortic occlusion. Upper two panels, Responses during hypoxemia. Lower two panels, Responses during 
occlusion show asphyxia (not performed in this fetus) and agonal heart rate pattern study periods. 


and 900 mg chloramphenicol intravenously twice daily, 
and the fetus was given 50 mg chloramphenicol intra- 
venously and intraamniotically twice daily. 

Blood gas values and pH from the fetal ascending 
aorta were measured with an automated analyzer 
(ABL2; Radiometer, Copenhagen) and corrected to 
39° C. Percent saturation of hemoglobin was measured 
with a hemoximeter (OSM2; Radiometer). Arterial oxy- 
gen content was calculated as follows: Oxygen content 
(ml/dl) = 1.34 (ml/gm hemoglobin) x (hemoglobin 
concentration) (gm/dl) x hemoglobin oxygen satura- 
tion (%/100). Maternal and fetal arterial blood pres- 
sures and amniotic fluid pressure were determined with 
strain-gauge transducers (P23Db; Statham/Gould, Ox- 
nard, Calif.) and recorded continuously on a polygraph 
(Dynograph R611; Beckman Instruments, Inc., Fuller- 
ton, Calif.). Fetal arterial and venous blood pressures 
were corrected by subtracting amniotic fluid pressure. 
Fetal heart rate was derived from the arterial pressure 
pulse by a cardiotachometer (9857B input coupler; 
Beckman). Fetal combined ventricular output and re- 
gional blood flow distribution were measured according 


to the radionuclide-labeled microsphere technique.” 
Briefly, one of five 15 p radiolabeled microspheres 
(New England Nuclear, Boston) was selected at random 
from cerium 141, chromium 51, niobium 95, ruthen- 
ium 103, and tiri 113. The microspheres were sus- 
pended in a solution containing 10% dextran and 
0.05% polysorbate 80 (Tween 80). After ultrasonic dis- 
persion, approximately 2 x 10° microspheres were in- 
jected during a 15-second period into the superior and 
inferior vena cava. Reference blood samples were with- 
drawn simultaneously from the ascending and de- 
scending aorta. 

Experimental protocol. No experiments were per- 
formed in the first 5 days after surgery. Gestational age 
at study ranged between 124 and 132 days. 

After 30 minutes of baseline measurements, the first 
regional blood flow determination was performed. Ni- 
trogen, 6 L/min, was infused into the maternal trachea? 
for 20 minutes and the second regional blood flow de- 
termination was performed. The infusion of nitrogen 
was continued and the balloon catheter in the aorta was 
inflated to the extent that has previously been shown 


Volume 162 
Number 5 


to virtually completely occlude uterine blood flow.'® We 
used a sling to help the hind limbs support maternal 
weight and were able to extend the time of occlusion 
until fetal decompensation occurred. The’ third re- 
gional blood flow determination was performed when 


a stable bradycardia developed in either of two distinct ` 
circumstances. Group I (hypoxemia with severe aci- 


demia, n = 5) until hypertension, known to accompany 
uterine flow occlusion, was no longer maintained and 
mean arterial blood pressure returned to baseline val- 


ues (Fig. 1). Group I (agonal heart rate pattern, n = 5) ` 


until a fixed-baseline sustained bradycardia (agonal 
pattern") developed (Fig. 1). The aortic occluder was 
then released and recordings continued to determine 


if the fetus would recover; however, no further regional ` 


blodd flow measurements were performed. At the 
end of the experiment the ewe was killed and the 
uterus and its contents were removed, dissected, and 
weighed, and correct catheter placement was con- 
firmed. The tissues were then carbonized and counted 
with an automated y-counter and multiple-channel 


pulse height analyzer (Gamma Trac 2250; Searle An- 


alytic, Elk Grove Village, IIL). l 
The statistical method used to compare the mean 


values in the experimental periods for group I and - 


group II fetuses was a two-factor analysis of variance 
for repeated measures and the Newman-Keuls test.’ 
The level of significance chosen was p < 0.05. As- ex- 
pected, the mean values for the baseline and hypoxemia 
study periods were not significantly different between 
group I and group II fetuses. The data presented in 


Tables I and II for the baseline and hypoxemia study: 
periods represent pooled values. The rate-pressure , 


product, known to correlate with myocardial work in 
the fetus,'® was calculated as: peak systolic blood pres- 
sure times heart rate.. 


Results: . 

A typical recording of fetal heart rate and arterial 
blood pressure response in a fetus with hypoxemia dur- 
ing maternal aortic occlusion is shown in. Fig. 1. The 
response in this fetus demonstrates that decreased ar- 
terial Po, (from 22.7 to 12.6 mm Hg produced by ma- 
ternal infusion of nitrogen) results in‘héart rate and 
blood pressure changes proportional to the duration 
of hypoxemia. For comparison with the agonal -heart 
rate pattern regional blood flow determination that 
was performed, the point at which a hypoxemia with 


severe acidemia regional blood flow: determination’ 
would have been performed (Le., pny) is also © 


indicated. 


The cardiovascular, blood gas, and acid-base state 
measurements for all fetuses are summarized in Table . 
I. Infusion of nitrogen directly into the maternal tra- - 


chea (hypoxemia) decreased the Po, and oxygen con- 
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tent approximately 50% without significantly affecting 
the fetal pH» or Pcos. Occlusion of the uterine ar- 
tery (average time of occlusion: group I [hypoxemia 
with severe acidemia] =61 +28 minutes; group H 
[agonal pattern] = 11.0 + 4.5 minutes) was associated 


` with a fetal Po, and oxygen content that was less than 


25% of the baseline values. The fetal heart rate de- 


. creased in proportion to the degree of hypoxemia in 


both groups. The mean fetal arterial blood pressure 
was stable during both hypoxemia alone and hypox- 
emia with severe acidemia but decreased to 50% of the 
baseline value when an agonal heart rate pattern de- 
veloped. The mean hemoglobin content of fetal blood 
increased approximately 25%, and the central venous 
pressure increased sixfold during study periods of both 
the hypoxemia with severe acidemia and agonal heart 
rate pattern. 

The fetal measurements of combined ventricular 
output and regional blood flow distribution are sum- 
marized in Table II. The fetal combined ventricular 
output and placental blood flow were stable during hy- 


_ poxemia but decreased 60% ‘during hypoxemia with 


severe acidemia and more than 90% when an agonal 


heart rate pattern developed. The blood flow to the 


brain, heart, and adrenal gland increased during both 


. hypoxemia and hypoxemia with severe acidemia but 


was markedly decreased when an agonal heart rate pat- 
tern developed. The proportion of combined ventric-. 
ular output perfusing the brain, heart, and adrenal 


_ gland was increased during hypoxemia with severe ac- 


idemia and then returned to baseline values when an 
agonal heart rate pattern developed. Blood flows to the 
carcass, kidney, and spleen were stable during hypox- 


emia but decreased markedly during both hypoxemia 


with severe acidemia and when an agonal heart rate 


` pattern developed. The proportion of combined ven- 


tricular output perfusing the placenta was stable dur- 
ing both hypoxemia and hypoxemia with severe aci- 
demia but decreased to 25% of the baseline values 
when an agonal heart rate pattern developed. The 
calculated rate-pressure product at rest was 9800 + 
1200 beats/min/mm Hg. In fetuses in group I (hy- 


‘poxemia with severe acidemia) the rate-pressure prod- 


uct was stable during both hypoxemia and aortic oc- 


„clusion because the systolic blood pressure increase off- 
- set the heart rate decrease. After the balloon occluder 


was deflated and oxygen delivery to the uterus was 
restored, the rate-pressure product increased (Fig. 2). 
In fetuses in group II (agonal pattern) the rate-pressure 
product was also stable during hypoxemia but de- 
creased 50% during aortic occlusion. In addition there 
was a progressive decline in calculated rate-pressure 
product even after oxygen delivery to the uterus was 
réstored, and none of the fetuses in group II re- 
covered. 
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Table I. Fetal heart rate, carotid blood pressure, and arterial blood gases and acid-base state during 
baseline, hypoxemia, hypoxemia with sever acidemia, and agonal study periods 










Heart rate (beats/min) 161 + 13 
Mean carotid presure (mm Hg) 51+7 
Central venous pressure (mm Hg) 29+ 14 
Po, (mm Hg) A 23.1 + 3.8 
Oz content (ml/dl) 9.2 + 3.1 
Pco (mm Hg) 51.8 + 2.4 
Hemoglobin (gm/dl) 11.7 + 1.3 
pH 7.32 + 0.04 
Base excess (mEq/L) —0.6 + 2.0 
Buffer base (mEq/L) 47.1 + 1.6 


Groups I and I (n = 10) 


Baseline Hypoxemia 











Group I (n = 5): 
Hypoxemia with 
severe acidemia 


Group IT 
(n = 5):Agonal 
heart rate pattern 


144 + 18* 105 + 9* 81 + 14* 
50 +7 4347 25 + 9* 
6.8 + 2.4 18.0 = 1.9* 18.8 + 4.3" 
13.7 + 2.3* 4.0 + 2.3% 2.3 +0.6* 
4.5 + 1.3* 2.9 + 0.4* 2.5 + 0.6* 
49.5 + 2.6 90.5 + 11* ll] + 27* 
12.0 + 1.3 14.0 + 1.4* 13.0 + 1.7* 
7.33 = 0.06 7.00 + 0.10* 6.86 + 0.13* 
—2.0 + 3.0 ~ 10.6 + 4.3* - 20.2 + 4.6* 
44.7 + 3.2 36.8 + 4.3* 27.0 + 4.9* 





Values are mean + 1 SD. 


*p< 0.01 (hypoxemia, hypoxemia with severe acidemia, or agonal vs baseline). 


Table II. Fetal combined ventricular output and its distribution and individual organ blood flows during 
baseline, hypoxemia, hypoxemia with acidemia, and agonal study periods 










Combined ventricular output 586 + 104 
(ml/min/kg fetus) 

Umbilical blood flow 158 + 46 
(ml/min/kg fetus) 

Percent distribution of com- 
bined ventricular output 
Adrenal gland 0.08 + 0.05 
Brain 2.8 + 1.0 
Carcass 45.5 + 5.6 
Heart 2.0 + 0.9 
Kidney 1.8 + 0.6 
Placenta 33.4 + 5.5 
Spleen 1.4 + 0.6 

Organ blood flow 
(mi/min/100 gm) 
Adrenal gland 314 + 166 
Brain 158 + 43 
Carcass 39 +9 
Heart 252 + 76 
Kidney 134 + 48 
Spleen 353 + 161 


Groups I and H (n = 10) 


Hypoxemia 








Group I 
(n = 5): 
Hypoxemia with 
severe acidemia 


Group H 

(n = 5): 
Agonal heart 
rale pattern 










644 + 159 254 + 73* 62 + 37* 
198 + 78 67 + 35* 7 + 7* 
0.16 + 0.10 0.28 + 0.13* 0.25 + O.25+ 
45+ 16 6.8 + 2.67 2.9 + 2.1 
42.1 + 6.8 34.0 + 12.7 68.2 + 15.4+ 
4.8 + 2.7 11.5 + 4.7* 8.3 + 5.3* 
2.1 + 0.7 23+ 1.8 0.4 + 0.3+ 
36.7 + 5.9 28.6 + 8.9 7.8 + 5.8* . 
0.8 + 0.6 0.4 + 0.37 0.5 + 0.7t 
762 + 3147 545 + 1777 79 + 52t 
234 + 667 185 + 74 7 + 6* 
35 li 12 + 5* 5 + 3% 
560 + 209 597 + 244+ 28 + 20t 
168 + 46 75 + 75+ 4 + 5* 
240 + 145 35 + Q7t 30 + 40t 





Values are mean + 1 SD. 


*p < 0.01, (hypoxemia, hypoxemia with severe acidemia, or agonal vs baseline). 
tp < 0.05 (hypoxemia, hypoxemia with severe acidemia, or agonal vs baseline). 


Comment 


We determined fetal heart rate, combined ventricular 
output, regional blood flow distribution, and mean ar- 
terial blood pressure at rest, during acute hypoxemia, 
during hypoxemia with severe acidemia, and when an 
agonal heart rate pattern developed. Hypoxemia pro- 
duced by maternal tracheal infusion of nitrogen de- 
creased Po, and oxygen content by about 50% without 
causing a significant change in pH or Pcos. The fetal 
cardiovascular effects of hypoxemia included de- 


creased heart rate and both increased blood flow and 
proportion of combined ventricular output perfusing 
the brain, heart, and adrenal gland. Fetal mean arterial 
blood pressure, combined ventricular output, and pla- 
cental blood flow did not change significantly from 
baseline values during hypoxemia. 

Hypoxemia with severe acidemia produced by com- 
bined maternal hypoxemia and aortic occlusion pro- 
duced more pronounced fetal cardiovascular effects 
than did hypoxemia alone. Hypoxemia with severe ac- 
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BASELINE HYPOXEMIA OCCLUSION RECOVERY 


Fig. 2. Calculated rate-pressure product from group I and group II fetuses at rest, during hypoxemia 
and aortic occlusion, and after release of aortic occlusion. The symbols represent mean + 1 SD for 
five fetuses in each group. Asterisk, p < 0.50; double asterisks, p < 0.01 (experimental versus baseline 


study periods). 


idemia markedly decreased fetal heart rate, combined 
ventricular output and blood flow to the carcass, kidney, 
spleen, and placenta, and further increased the pro- 
portion of combined ventricular output perfusing the 
brain, heart, and adrenal gland. 

An agonal heart rate pattern produced by prolonged 
aortic occlusion was associated with complete cardio- 
vascular collapse. The fetal heart rate, mean arterial 
blood pressure, combined ventricular output, and 
blood flow to all organs decreased dramatically. 

There are numerous studies of fetal asphyxia; how- 
ever, common use of the term asphyxia to denote any 
untoward clinical condition is known to have caused 
confusion." Asphyxia is associated with hypoxemia and 
acidosis'*; however, the degree of acidosis may still vary. 
To avoid confusion, we have used the term hypoxemia 
with severe acidemia. We produced hypoxemia with se- 
vere acidemia by modification of a technique described 
previously. Harris et al.° produced hypoxemia by flow- 
ing a low oxygen gas mixture to the ewe and then 
reduced uterine blood flow by aortic occlusion for a 
short period (1/3 minute). Selection of the end point 
for the study periods of hypoxemia with severe aci- 
demia and agonal heart rate pattern was based on the 
fetal heart rate and blood pressure response to uterine 
blood flow reduction. In this manner the degree of 
stress was fixed and the time of occlusion was permitted 
to vary. Our method is similar to that described Cohn 
et al., in which the hypoxemic level of Po, was pre- 
selected and the duration of low oxygen-gas mixture 
infusion to the ewe was permitted to vary. 

The fetal cardiovascular responses to acute hypox- 
emia in our study are in agreement with the results 
published previously.” * ° In all four studies, fetal heart 
rate decreased, blood flow to the brain, heart, and ad- 


renal gland increased, and combined ventricular out- 
put and placental blood flow did not change signifi- 
cantly. 

The fetal cardiovascular responses to hypoxemia 
with severe acidemia in our study are in agreement with 
the results published previously.'* In all three studies, 
fetal heart rate decreased, the proportion of combined 
ventricular output perfusing the brain, heart, and ad- 
renal gland increased, and both the combined ventric- 
ular output and placental blood flow decreased. Al- 
though the techniques used to produce hypoxemia with 
severe acidemia in the three studies were different, the 
results and degree of asphyxia among the studies were 
similar. Yaffe et al.‘ produced partial (25% of baseline 
values) uterine blood flow occlusion for 15 minutes, and 
their fetuses had a Po, of 11 mm Hg, pH 7.14, and 
Pco, of 64 mm Hg. Jensen et al.? produced total uterine 
blood flow occlusion for 4 minutes, and their fetuses 
had a Po, of about 3 mm Hg, pH 7.03 and Pco, of 86 
mm Hg. We produced near-total uterine blood flow 
occlusion for 6.1 + 2.8 minutes, and our fetuses 
had a Po, of 2.3 mm Hg, pH 7.00, and Pco, of 
90.5 mm Hg. 

In contrast to the studies by Yaffe et al.’ and Jensen 
et al.,> the results of our study suggest that the break- 
down of physiologic circulatory compensation was not 
associated with hypoxemia and severe acidemia. In our 
study the presence of physiologic circulatory compen- 
sation during hypoxemia with severe acidemia was sup- 
ported by the increased proportion of combined ven- 
tricular output perfusing the brain, heart, and adrenal 
gland. Yaffe et al.* speculated that vascular resistance 
of the brain, heart, and adrenal gland increased during 
hypoxemia with severe acidemia based on the assump- 
tion that central venous pressure does not change when 


1330 Block et al. 


acidemia develops. This assumption is based on the 
findings of Edelstone et al., who found that inferior 
vena caval blood pressure did not change during um- 
bilical blood flow reduction despite a statistically sig- 
nificant, although clinically mild, decrease in pH from 
7.39 to 7.27. In the present study, measured central 
venous pressure did increase when severe acidemia 
(pH ~ 7.0) developed. Unfortunately, calculated vas- 
cular resistance is dependent on heart rate because of 
the nature of pulsatile How’; therefore we were unable 
to. provide comparisons of calculated vascular resistance 
based on the mean blood flow measurements made 
between conditions of markedly different heart rates. 

Jensen et al? suggested that decentralization of the 
circulation was seen in asphyctic fetuses destined to die 
(nonsurvivors) because the total brain blood flow did 
not change significantly. We also noted no significant 
increase in total brain blood flow during hypoxemia 
with severe acidemia; however, in both our study and 
the study by Jensen et al. the proportion of combined 
ventricular output to the heart, adrenal gland, and 
brain increased during hypoxemia with severe acide- 
mia. We propose an alternative explanation that the 
physiologic compensatory mechanisms were still active 
during hypoxemia with severe acidemia despite a de- 
crease in combined ventricular output. In addition we 
were unable to confirm the finding of Jensen et al. that 
failure of adrenal blood flow to increase predicted sub- 
sequent fetal death. In our study the adrenal blood flow 
as a proportion of combined ventricular output was 
maintained even when cardiovascular collapse oc- 
curred. Noteworthy in the study by Jensen et al. was 
that three of the four nonsurvivors were acute prep- 
arations (2 hours after surgery) and the other was spon- 
taneously hypoxemic. Because surgery is known to ad- 
versely affect the fetus,’ comparisons with findings ob- 
tained in the postoperative. period are difficult to 
interpret and should probably be avoided. 

The fetal cardiovascular status during an agonal 
heart rate pattern has not been reported previ- 
ously, although the presence of a fixed-baseline sus- 
tained bradycardia agonal pattern preceding fetal 
death has been demonstrated in pregnancy in both 
humans''**?! and sheep.” During the agonal heart rate 
pattern study period, the fetal blood gases, pH, and 
heart rate measurements were more extreme than val- 
ues obtained during hypoxemia with severe acidemia 
in human pregnancy.” In addition, complete cardio- 
vascular collapse was present and progressive deteri- 
oration and eventually fetal death occurred even after 
oxygen delivery to the uterus was restored. Clinically 
this may be a significant finding because it suggests that 
intrauterine resuscitation does not reverse an intra- 
uterine condition characterized by an agonal heart rate 
pattern and indicates that operative delivery and in- 
tensive neonatal care may be required. 
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This study demonstrates that the breakdown of fetal 
physiologic circulatory compensation is not associated 
with hypoxemia with severe acidemia alone. The pres- 
ence of circulatory compensation during hypoxemia 
with severe acidemia was supported by the presence of 
preferential perfusion of the brain, heart, and adrenal 
gland as a proportion of combined ventricular output. 
We conclude that circulatory compensation is present 
in fetal sheep affected by deficiency of oxygen delivery 
despite hypoxemia with severe acidemia. 


We thank Tami Myers and Vivian Surman for their 
excellent technical assistance. 
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The development of hydrops fetalis in the ovine fetus after 
lymphatic ligation or lymphatic excision 


Robert L. Andres, MD, and Robert A. Brace, PhD 
La Jolla, California 


Sixteen ovine fetuses underwent either ligation or excision of the left thoracic, left cervical, and left 
brachiocephalic lymphatic ducts. Our purpose was to test the hypothesis that interruption of lymphatic flow 
would lead to hydropic changes in the ovine fetus. Of the 11 animals in the group that underwent ligation, 
hydrops developed in 1. All five of the fetuses that underwent excision of these major lymphatic ducts 
were hydropic at the time of autopsy (3 to 7 days), with 62 to 502 ml of free fluid collected from the 
thoracic and abdominal cavities. The mean edema fluid total protein concentration in the hydropic fetuses 
was 2.6 gm/di. This value was 71% to 94% of that found in the plasma, suggesting that the fetus is 
capable of producing new plasma proteins at a high rate. The observation that lymphatic excision led to 
hydropic changes in the ovine fetus, whereas ligation did not consistently produce hydrops, suggests that 
fetal lymph vessels may be capable of very rapid regrowth over short distances. Thus lymphatic excision, 
but not ligation, produces an animal model for the study of hydrops fetalis. (AM J OBSTET GYNECOL 


1990;162:1331-4,) 


Key words: Hydrops fetalis, lymphatics, ovine fetus 


The cause of hydrops fetalis (fetal edema) often in- 
cludes abnormalities in either the cardiovascular, pul- 
monary, hematologic, or hepatic systems. In addition, 
there are clinical conditions that affect the lymphatic 
system (e.g., cystic hygroma and pulmonary lymphan- 
giectasia) that are associated with hydrops fetalis.™ ? 
This suggests that abnormal lymphatic function in the 
fetus may be a cause of hydrops fetalis. Although the 
fetal lymphatic system has not been studied extensively, 
there are several observations that support the hypoth- 
esis that alterations in fetal lymph flow may lead to the 
development of hydrops. For example, in chronically 
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catheterized ovine fetuses with a nonfunctional thoracic 
lymph duct catheter, two of four were grossly hydropic 
at the time of autopsy.*® In other studies, increases in 
central venous pressure (e.g., with fetal supraventric- 
ular tachycardia) were also associated with the devel- 
opment of hydrops.*® Development of edema in the 
latter studies is consistent with the observation that an 
increase in central venous pressure decreases left tho- 
racic duct lymph flow in the ovine fetus.” * Thus a re- 
duction in lymphatic flow may provide an explanation 
for the hydropic changes seen im cases of increased 
outflow pressure. Hydrops may develop rapidly be- 
cause, with a flow rate in the left thoracic duct of 0.25 
mil/min/kg® in the ovine fetus, or three to six times 
adult values, one would anticipate that an interruption 
of lymph flow would significantly affect fluid balance. 

The purpose of our investigation was to test the hy- 
pothesis that ligation of major lymphatic vessels would 
lead to the development of hydrops fetalis in the ovine 
fetus. As it became apparent that ligation did not con- 
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sistently produce hydrops, we further tested the effects 
of lymphatic excision. 


Material and methods 


Sixteen time-dated pregnant sheep at 111 to 131 
days’ gestation (term, 145 to 150 days) were anesthe- 
tized with thiamylal sodium and maintained with 1% 
to 2% halothane. The ewe was placed on her back on 
a surgical table and, with sterile technique, a midline 
abdominal incision was made to expose the pregnant 
uterus. A hysterotomy was performed allowing expo- 
sure of a single fetal hindlimb. A skin incision was made 
on the anterior surface of the hindlimb and the tibial 
vein and artery were identified and catheterized as de- 
scribed previously.” These catheters were used for 
blood sampling in the postoperative period. Amniotic 
fluid catheters were attached to the anterior surface of 
the leg and the leg was returned to the uterine cavity. 
The fetal membranes were closed with a size 1 silk 
suture and the uterine incision was closed with a 2-0 
chromic suture. 

A second uterine incision was made overlying the 
fetal head. The head and neck of the fetus were then 
exposed and an incision was made in the skin overlying 
the left jugular vein. Dissection was done to identify 
the intersection of the left jugular and left brachio- 
cephalic veins. The left cervical, left brachiocephalic, 
and left thoracic lymph ducts were gently isolated, 
avoiding any damage to the ducts themselves.* These 
ducts join to form an ampulla that is located near the 
intersection of the ‘brachiocephalic and jugular veins. 
After identification, either a simple ligation or an ex- 
cision of the ducts was performed. Two separate 3-0 
silk sutures were used to ligate the ducts as close to the 
ampulla as possible in those animals undergoing the 
simple ligation. In the other group of fetuses, a 3 to 
4 cm segment of each lymphatic duct was freed from 
its connective tissue attachments and tied with 3-0 silk 
suture. These lengths were then excised and the inci- 
sions were closed. 

Arterial samples were taken daily after surgery. He- 
matocrit levels were determined as described previ- 
ously." Plasma total protein concentration was de- 
termined by refractometry (TS Meter; American Op- 
tical Scientific Instruments, Buffalo, N.Y.). Arterial pH 
and blood gases were measured with an IL 1302 blood 
gas analyzer (Instrumentation Laboratory, Lexington, 
Mass.) at 37° C and corrected to a fetal body temper- 
ature of 39.5° C. 

To explore the time course of the development of 
hydrops (defined as fluid collections within one or 
more serous cavities), an animal was killed by injection 
of Nembutal (300 mg/kg) on postoperative days 1 
through 7. The fetus was removed from the uterine 
cavity, towel dried, and weighed. The amniotic and 
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allantoic fluids were carefully collected into a plastic 
bag and weighed to determine volume. During the au- 
topsy, fluid in the peritoneal, pleural, and pericardial 
cavities was collected and the total protein concentra- 
tion was recorded. The carcasses were then dried in an 
oven at 70° C to a stable weight. This allowed for the 
determination of a wet/dry weight ratio, which was 
used to assess the accumulation of interstitial fluid. 
Seven fetuses of similar gestational age, which had been 
used for other experiments in our laboratory, under- 
went autopsy and were dried to serve as a control 
group. 

In the fetuses undergoing autopsy, we attempted to 
expose the ligated lymphatic vessels by dissection. We 
found this was not possible because any attempt to sep- 
arate the fibrous tissue that had developed resulted in 
rupture of any fragile lymphatic vessels that were 
present. 

The data are presented as mean + SE. The data 
were analyzed -by either Fisher’s exact test, an unpaired 
t test, or a one-way analysis of variance followed by 
Fisher’s least significant difference for multiple com- 
parisons. A p value of <0.05 was considered statistically 
significant. 


Results 


The first 11 animals underwent ligation of the left 
thoracic, left cervical, and left brachiocephalic lym- 
phatic ducts. Surprisingly, only one of these fetuses was 
found to be hydropic at the time of autopsy on post- 
operative days 1 through 7. The hydropic fetus had 
512 ml of peritoneal fluid, 490 ml of pleural fluid, and 
no pericardial effusion. The total protein concentration 
of the peritoneal and pleural fluid was 2.8 and 2.7 
gm/dl, respectively (Table I). 

The observation that ligation of the lymphatics re- 
sulted in hydrops in only 1 of 11 fetuses led to a mod- 
ification of our technique. In the next five fetuses, lym- 
phatic duct excision was performed with the removal 
of a 3 to 4 cm piece of each duct. All five of these 
fetuses had hydrops with peritoneal effusions ranging 
from 62 to 165 ml and total protein concentrations of 
2.5 to 2.6 gm/dl. The pleural effusions ranged from 0 
to 337 ml, with total protein concentrations ranging - 
from 2.3 to 2.7 gm/dl. Two of these preparations had 
pericardial effusions of <10 ml each (Table I). 

When statistically comparing the ligation and exci- 
sion groups, we found that lymphatic excision was sig- 
nificantly more likely to result in the formation of hy- 
drops than was lymphatic ligation (p = 0.0014). 

Fetal hematocrit values can be used as an indica- 
tor of changes in fetal blood volume. The mean 
(£SE) hematocrit values immediately before autopsy 
in the nonhydropic (33.2% + 2.0%) and hydropic 
(32.8% + 2.0%) fetuses were not significantly different 
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Fig. 1. Mean plasma protein concentration (+ SE) immediately 
before autopsy in the nonhydropic (n = 10) and hydropic 
(n = 6) fetuses (p = 0.03). 
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Fig. 2. Mean wet/dry weight ratios among the control (n = 7), 
nonhydropic (n = 10), and hydropic (n = 6) groups of fetuses 
(asterisk, p < 0.005; analysis of variance). 


Table I. Postmortem findings in the six fetuses with hydrops fetalis 










Plasma 
Postoperative protein 
(gm/dl) 
7 3 512 2.8 
7 3.1 165 2.5 
7 3.2 135 2.5 
7 3.5 105 2.5 
7 3.4 95 2.6 
3 3.4 62 2.6 
Mean 6.3 3.3 179 2.6 
SE 0.7 0.1 68 0.0 


Volume Protein Volume Protein 
(ml) (gm/dl) (nl) (gm/dl) 











Pleural 






Pericardial 
volume (ml) 


Ascites / plasma 
protein. ratio 


490 2.7 0 0.94 
337 2.5 0 0.81 
290 2.4 0 0.78 
227 2.7 6 0.71 
105 2.3 7 0.76 
0 — 0 0.76 
242 2.5 2 0.79 
71 0.1 l 0.03 





(p = 0.79). This suggests that the development of hy- 
drops is not associated with changes in blood vol- 
ume. Similarly, arterjal oxygen tension (23.2 + 0.5 vs 
24.0 + 1.2 mm Hg), pH (7.35 + 0.01 vs 7.33 + 0.01), 
and carbon dioxide tension (52.2 + 1.0 vs. 52.6 + 1.2 
mm Hg) were not different in the nonhydropic versus 
hydropic fetuses, respectively. 

Although controversial, many authors have noted an 
association between hypoproteinemia and hydrops. 
Fig. 1 shows that the plasma total protein concentration 
in the hydropic fetuses (3.27 + 0.08 gm/dl) was sig- 
nificantly lower (p = 0.03) than that found in the non- 
hydropic group (3.52 + 0.07 gm/dl). This difference 
in plasma total protein concentration was evident on 
the first postoperative day, and serial sampling did not 
reveal a downward trend. 

To determine whether amniotic fluid volume was al- 
tered with the development of hydrops, we measured 
amniotic and allantoic fluid at the time of autopsy. The 
measured volume in the hydropic animals (364 + 37 
ml) was not significantly different from that found in 





the nonhydropic animals (418 + 47 ml; p = 0.44). Al- 
though this observation may be interpreted to suggest 
that the increase in total body fluid was not the result 
of the net movement of fluid from the amniotic- 
allantoic compartments to the fetus, the sum of 
amniotic-allantoic volume plus the measured edema 
fluid volumes in the hydropic fetuses was 803 + 282 
ml. Because this is not significantly different from the 
418 ml recorded in the nonhydropic fetuses, it is not 

` possible to determine from this study the source of the 
edema fluid. 

In addition to quantifying the amount of fluid found 
in the peritoneal, pleural, and pericardial cavities, the 
wet/dry weight ratios were determined (Fig. 2). This 
was an effort to assess more precisely the alteration in, 
total body fluid associated with gross hydropic changes. 
The mean wet/dry weight ratio in the hydropic animals 
was 6.35 + 0.65. This value was significantly greater 
than the wet/dry weight ratio for both the nonhydropic 
group (4.94 + 0.37) and the control group (4.35 + 
0.41) (p < 0.005 by analysis of variance). A statistically 
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significant difference could not be demonstrated be- 
tween the control and nonhydropic groups. From these 
means it can be calculated* that the nonhydropic fe- 
tuses contained an average of 132 ml/kg more fluid 
than the control fetuses, whereas the average hydropic 
fetus contained 455 ml/kg more fuid than control fe- 
tuses. 


Comment 


Several pieces of information led us to speculate that 
lymphatic ligation would lead to hydropic changes in 
the ovine fetus. The dramatic flow rate of lymph in the 
left thoracic duct combined with the observation of hy- 
drops in some fetal sheep that underwent autopsy after 
thoracic duct catheter failure was central in the for- 
mation of our hypothesis. Surprisingly, ligation of the 
major lymphatic vessels did not consistently lead to hy- 
drops fetalis, with only | of 11 animals demonstrating 
such changes as evidenced by gross fluid accumulation 
within the thoracic and abdominal cavities. Excision of 
a segment of the same lymphatic ducts, however, led 
to gross hydropic changes in all five fetuses studied. 
The explanation for this difference is not clear. It seems 
most likely that lymphatic vessels proliferated rapidly 
and grew around the point of ligation. Unfortunately, 
because of scar tissue formation at the site of ligation, 
we were unable to observe such vessels at autopsy. 

The ability of the fetus to manufacture plasma pro- 
teins rapidly is suggested by our findings. The main- 
tenance of a total plasma protein concentration in the 
range of 3.0 to 3.5 gm/dl with a mean edema fluid total 
protein concentration of 2.6 gm/dl is consistent with 
that found by Gest et al. and Nicolaides et al.'* in their 
investigations. From the mean values in Table I it can 
be calculated that the hydropic fetuses produced 10.7 
gm of new plasma proteins during 6 days in excess of 
that needed for growth. If our fetuses were growing 
at 3% per day,“ it can be estimated that 0.5 gm of new 
plasma proteins would be needed per day for growth. 
This suggests a net production of new plasma proteins 
at four times (i.e., [10.7/6 + 0.5]/0.5) the normal daily 
rate in the hydropic fetuses. 


*Excess fluid (X, ml/kg) was calculated from the formula - 


(1000 + X)/229.1 = R, where R is the wet/dry weight ratio 
and 1000/229.1 is the normal wet/dry weight ratio. 
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In summary, we have found that ligation of the major 
lymphatic ducts rarely causes hydrops in the ovine fe- 
tus. However, lymphatic duct excision, with the removal 
of a 3 to 4 cm segment reliably leads to gross hydropic 
changes. This model may serve as an aid in future 
investigations aimed at a more complete understanding 
of the pathophysiology and treatment of hydrops fe- 
talis. 
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ANNOUNCEMENT 





Consensus Development Meeting: Metabolic aspects of oral 
contraceptives of relevance for cardiovascular diseases* 


Oral contraceptives (OCs) came into widespread use 
some 25 years ago. They have been used by a large 
number of women throughout the world, and an im- 
mense number of research reports have accumulated. 
The interpretation of these reports can be difficult. In 
particular the overall picture of metabolic changes and 
their relationship to the risk of cardiovascular diseases 
are confused. Multiple risk factors may influence the 
development of cardiovascular diseases, which may 
have its origin in both the arterial and venous systems. 
OCs may influence many of these risk factors, including 
changes in lipid, carbohydrate, and hemostasis vari- 
ables. These, in turn, show clear interrelationships. 

The First European Conference on Sex Steroids and 
Metabolism took place in Esbjerg, Denmark, from May 
18-20, 1989, with 172 participants from 17 countries, 
including overseas attendees. It covered topics in epi- 
demiology, carbohydrate and lipid metabolism, and he- 
mostasis. The rationale for the interdisciplinary nature 
of the conference was the growing awareness of the 
important interrelationship between carbohydrates, 
lipids, and hemostasis. Furthermore, these same fields 
are influenced by female sex steroids as evidenced by 
changes during the menstrual cycle, pregnancy, and 
administration of sex steroids and by differences be- 
tween eugonadal and hypogonadal women of compa- 
rable age. 

The conference provided a platform for the Con- 
sensus Development Meeting that followed. This meet- 
ing assembled 91 participants (22 women) from 12 
countries. Based on questions formulated by the Con- 
sensus Committee,t which considered epidemiologic, 
carbohydrate, lipid, and hemostasis aspects of relevance 
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for the development of cardiovascular diseases, con- 
sensus statements were prepared in closed sessions by 
four panels of invited expertst covering the four 
fields mentioned and concerning solely combination 
estrogen-progestogen preparations. The metabolic al- 
terations induced by progestogen-only pills were not 
considered extensively, because current evidence sug- 
gests that changes are small even by sensitive indicators 
of lipid and carbohydrate metabolism and compo- 
nents of hemostasis. Furthermore, there are insuffi- 
cient epidemiologic data to determine whether the 
progestogen-only pill influences the risk of cardiovas- 
cular diseases. 

The consensus statements were discussed and ap- 
proved in a plenary session by the four expert panels 
in reply to input by the Consensus Committee and the 
expert audience. The meeting was closed after a dis- 


‘cussion on the interrelations between the metabolic 


effects. 


Consensus statement: Relation between OC use 

and cardiovascular diseases 

Epidemiology. The majority of epidemiologic stud- 
ies strongly suggest an association between current OC 
use and certain cardiovascular deaths. Although the 
relative risk is increased, the absolute risk is small. 
There is substantial evidence of a lack of persistence in 
risk of myocardial infarction after cessation of use. 
However, there is equivocal evidence that the increase 
in risk of stroke may persist after the pill is stopped. 

Most of the data relate to older preparations; more 
recently the steroid content of preparations has been 
substantially reduced. Whether dose reduction or 
changes in prescribing practices or changes in the com- 
position of OCs influence the risk of cardiovascular 
diseases cannot be determined with certainty based on 


. current epidemiologic data. 


Smoking is a major avoidable risk factor for cardio- 
vascular diseases in women of childbearing age. In 
smokers, OCs dramatically increase the risk. 

The absolute risk of cardiovascular diseases increases 


Members of the expert panels are listed at the end of the 
Consensus Statement. 
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with age, but it is unclear whether this is amplified by 
OC use. 

Whether particular formulations or progestogens 
have qualitative advantages or disadvantages merits 
further study. Estrogens and progestogens interact at 
many levels, and in epidemiologic studies of users of 
combined OCs, it is difficult to assign a risk to either 
component separately. Moreover, it is physiologically 
unsound to do so. The optimal dose of an OC should 
both minimize adverse effects and retain the noncon- 
traceptive benefits. Because the risk of myocardial in- 
farction is apparent in current users, disappears on 
cessation of use, and is not associated with duration of 
use, there is no epidemiologic support for the hypothesis 
that risk of cardiovascular diseases is of atherogenic 
origin. The epidemiologic data are insufficient to dis- 
tinguish among other possible mechanisms for the in- 
creased risk. New cohort studies of women using cur- 
rent formulations are greatly needed. Specific issues 
can be addressed promptly by well-conducted, case- 
control studies. More information is needed about 
high-risk women who use OCs. 

Carbohydrate metabolism. All currently used OCs 
can cause deterioration in glucose tolerance accompa- 
nied by hyperinsulinemia. There is no evidence that 
the use of combined OCs is accompanied by overt 
symptoms of diabetes. There is evidence that elevated 
basal insulin levels and a hyperinsulinemic response to 
glucose, which is indicative of insulin resistance, are 
associated with an increased risk of coronary heart dis- 
ease in each population studied. Whether the elevated 
insulin levels in OC users are associated with increased 
risk of coronary heart disease cannot be determined at 
this time. 

The progestogen component is mainly responsible 
for the effects of OCs on carbohydrate metabolism, but 
the estrogen component may modulate the influence. 
The magnitude of the impact on glucose metabolism 
depends on the type of progestogen and also on the 
doses of a given steroid. The effects of OCs on car- 
bohydrate metabolism may change with time-rendering 
short-term studies, that is, shorter than 6 months, is 
difficult to interpret. 

Routine screening of all OC users for altered car- 
bohydrate metabolism is not recommended. Screening 
of women in whom high-risk factors for deterioration 
of carbohydrate metabolism are present is desirable but 
should not preclude the use of OCs. The screening 
should include measurements of blood glucose and 
plasma insulin. Risk factors for deterioration of car- 
bohydrate metabolism are previous gestational diabe- 
tes, obesity (especially abdominal), and first-degree rel- 
atives with diabetes mellitus. It seems prudent not to 
prescribe OCs to diabetic women of reproductive age 
with micro- and macroangiopathy. 
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Minimization of impact on carbohydrate metabolism 
in OC users is mandatory. Studies of impact of OCs on 
carbohydrate metabolism should continue. Greater at- 
tention should be paid to the statistical power of the 
study design and to comparability between different 
studies. 

Lipid and lipoprotein metabolism. Oral contracep- 
tives induce changes in lipid and lipoprotein metabo- 
lism, and these changes are dose dependent and can 
be related to both estrogens and progestogens, The 
effects of oral contraceptives on lipids may change with 
time-rendering short-term studies, that is, shorter than 
6 months, difficult to interpret. 

Although the lipid changes are quite definite, there 
is no evidence that they are related to atherogenesis in 
OC users. Nonetheless, these changes should not be 
ignored. Pending further information, it is prudent to 
prescribe an OC with minimal effects on lipids. 

When risk factors for cardiovascular diseases are 
present, determination of total cholesterol is desirable. 
If cholesterol is elevated, further lipid estimations are 
indicated, that is, fasting serum triglycerides and high- 
density lipoprotein cholesterol. If OCs should be pre- 
scribed in women with risk factors in the presence or 
absence of elevated cholesterol, a repeated cholesterol 
measure is required after 6 months and repeated lipid 
profiles are recommended when cholesterol is elevated. 

Hemostasis. Oral contraceptives induce alterations 
in hemostasis variables. There are changes in the con- 
centrations of a large number of specific plasma com- 
ponents of the coagulation and fibrinolytic systems, 
although usually within the normal range. Also, a num- 
ber of studies have shown changes within the coagu- 
lation system indicative of increased activation and 
within the fibrinolytic system of increased reaction 
product concentration. 

It is conceivable that these effects are estrogen 
mediated because they have not been demonstrated 
in progestogen-only preparations. There is a dose- 
dependent relationship in the case of estrogen, al- 
though in combination pills, the progestogens might 
exert a modifying effect. 

In women with a suggestive family history of throm- 
bophilia (a tendency to thrombosis, such as a deficiency 
in antithrombin III, protein S, or protein ©), the risk 
may be exacerbated by OC use, which should be taken 
into consideration for precipitating clinical thrombosis. 
The formulation that is associated with the least 
changes should be favored. 

Present diagnostic possibilities for detecting risk of 
cardiovascular diseases provide only limited informa- 
tion. New approaches using molecular markers are rec- 
ommended, as well as evaluation of clinical and epi- 
demiologic studies for their relevance to the risk of 
cardiovascular diseases. Further attention should be 
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given to changes in factor VHc and fibrinogen induced 
by OCs and also to the association between carbohy- 
drate metabolism and fibrinolysis. 

Concluding remarks. Combination OCs have proved 
to be highly effective as contraception. The contracep- 
tive effect has been maintained at a comparable level 
after modifications in quantity and quality of the com- 
ponents of the OCs during development of new for- 
mulations in recent years. However, other effects of 
OCs, notably the metabolic effects discussed during the 
meeting, have shown considerable alterations with 
changing formulations. 

Alterations in plasma lipid, carbohydrate, and he- 
mostasis variables are of major importance for the de- 
velopment of cardiovascular diseases, and their levels 
can be influenced by sex steroids, including artificial 
steroids contained in OCs. The pharmacodynamic re- 
sponses in the three systems are dependent on not only 
the type and dosage of sex steroids, but also on intra- 
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and interindividual variability in pharmacokinetics. 
This is of importance when discrepancies in metabolic 
effects are observed in different studies or when effects 
of a given preparation are evaluated in individual 
women. 

For practical reasons, the systems of lipids, carbo- 
hydrates, and hemostasis were first discussed separately 
during the Consensus Meeting. Research in recent 
years has clearly underlined the concept that biologic 
systems are interrelated at many levels and do not act 
as independent contributors to the homeostatic bal- 
ance. Also, in this context, deviations within one system 
might influence other systems. This was particularly felt 
to apply to the various metabolic effects of OCs, which 
should be evaluated in an integrated way. This ap- 
proach may provide a more appropriate characteristic 
of the metabolic and pathophysiologic impact of OCs 
on cardiovascular diseases and should therefore be con- 
sidered in future research. 
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Editors’ note: Readers may note we are publishing more Letters to the Editors 
in an effort to reduce the backlog and improve the publication time. 


Interferon gamma and depressed cellular 
immune response 


To the Editors: 

Increased circulating interferon gamma in patients 
with pelvic inflammatory disease was.reported by Grifo 
et al. (Grifo JA, Jeremias J, Ledger WJ, Witkin SS. 
Interferon-y in the diagnosis and pathogenesis of 
pelvic inflammatory disease. AM J OBSTET GYNECOL 
1989; 160:26-31). The authors hypothesized that high 
concentrations of interferon gamma would be present 
at the local site of inflammation and might cause en- 
dogenous immunosuppression via induction of Ia an- 
tigens and generation of suppressor T cells.’ During 
recent years, we have generated data that would sup- 
port and extend the discussion by the authors. We have 
measured urinary neopterin concentrations in patients 
with various clinical presentations. Neopterin is a prod- 
uct of human monocytes/macrophages stimulated with 
interferon gamma. It is a sensitive marker for cellular 
immune activation and for endogenous production of 
interferon gamma.’ Highest concentrations of neop- 
terin were found particularly in diseases such as ac- 
quired immunodeficiency syndrome (AIDS), graft- 
versus-host disease, and certain types of cancer to be 
associated with reduced or even diminished production 
of interferon gamma by T cells in vitro on antigenic or 
mitogenic stimulation. Interestingly, the more the im- 
munologic defect was pronounced in patients, the 
higher were neopterin concentrations in body fluids 
(e.g., higher neopterin concentrations were associated 
with worse prognosis in cancer patients’), Meanwhile, 
the significance of neopterin data and the discrepancy 
between in vitro and in vivo interferon gamma con- 
centrations is further underlined by the direct dem- 
onstration of increased circulating interferon gamma 
in patients with AIDS* and during graft-versus-host 
disease.’ Never were such high concentrations of cir- 
culating interferon gamma found as described by Grifo 
et al. However, this can be explained by the fact that 
in the other studies immunoassays were used that detect 
only biologically active forms of interferon gamma’ that 
may be present in lower concentrations. 

in conclusion, the concept ol interferon gamma as 
potent suppressor of immune response is supported by 


recent data regarding neopterin and interferon gamma . 


during several disease states. Reduced production of 
interferon gamma by T cells in vitro and reduced skin 
test reactivity in immunocompromised patients may re- 
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flect continuous preactivation of cellular immunity and 
concomitant exposure of T cells to interferon gamma 
in vivo. Continuous activation of T cells and subsequent 
immunosuppression may be the reason for increased 
susceptibility to infections. . 
Lothar C. Fuith, MD 
Dietmar Fuchs, PhD 
Helmut Wachter, PhD, Hon DSc 
Department of Obstetrics and Gynecology 
Institute for Medical Chemistry and Biochemistry ` 
University of Innsbruck 
Fritz Pregl-Strasse 3 
Innsbruck, Austria 
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Thromboprophylaxis during pregnancy 


To the Editors: 

. An article by Tengborn et al. (Tengborn L, Bergqvist 
D, Matzsch T, et al. Recurrent thromboembolism in 
pregnancy and puerperium. AM J OBSTET GYNECOL 
1989; 160:90-4) raises the question about the need for 
thromboprophylaxis during pregnancy. for women 
with previous thromboembolic episodes. The study is 
retrospective and deals with 87 pregnancies in 72 
women. No prophylaxis was given during pregnancy 


Volume 162 
Number 5 


in 67 women who had eight thromboembolic episodes 
(12%). In the group that was given prophylaxis a 
thromboembolic episode was found in three of 20 preg- 
nancies (15%). The authors question the use of pro- 
phylaxis during pregnancy because these numbers are 
not significantly different. 

On the basis of a large clinical study population (177 
women and 190 pregnancies prospectively studied), 
we have come to quite different conclusions. Our 
conflicting results may be because of the following 
factors. 

We consider a standard heparin dose of 5000 IU 
twice daily insufficient for thromboprophylaxis during 
pregnancy. Initially we used the activated partial 
thromboplastin time to adjust the heparin dosage. A 
prolongation of 5 to 10 seconds 3 hours after the sub- 
cutaneous injection was considered a suitable antico- 
agulant effect. Today we rely on a more sensitive 
method that measures the anti-Factor Xa activity. We 
aim at achieving an activity corresponding to 0.1 to 0.2 
IU heparin/ml plasma 3 to 4 hours after the subcu- 
taneous injection or a constant level around 0.15 IU 
during treatment with a portable infusion pump.' The 
heparin requirement is usually between 15,000 and 
30,000 IU/24 hours. 

With the use of this regime we have had only three 
recurrences (1.6%) of deep venous thrombosis verified 
by phlebography or venous occlusion plethysmogra- 
phy. In two patients a hereditary protein C deficiency 
was later found; in the third patient there was a tech- 
nical problem that resulted in inadequate heparin 
levels. 


The literature about the risk of thromboembolic re- ` 


currence during pregnancy is on the basis of small study 
populations. In a much-cited article (Badaraccco and 
Vessey)’ six thromboembolic episodes were reported 
during 28 full-term pregnancies (21%). If miscarriages 
and early terminations were included the incidence de- 
creased to 6/48 or 12%. We have shown that with ad- 
equate prophylaxis this percentage can be significantly 
decreased. It is questionable whether a prospective 
study, as suggested by Tengborn et al. would be ethi- 
cally acceptable. 

Bone demineralization during heparin prophylaxis 
is a reality—-we have seen three cases with vertebrae 
fractures in 190 pregnancies, which gives an incidence 
of about 1.6%. The demineralization seems reversible. 
The risk must be weighed against the risk of the 


development of a potentially fatal thromboembolic 


episode. 

Our firm belief is that heparin prophylaxis shall be 
given to women who previously have had thromboem- 
bolic complications. The heparin dose should be indi- 
vidualized, preferably on the basis of anti-Factor Xa 
activity measurements. The dose has to be checked dur- 
ing pregnancy at regular intervals because the heparin 
need may change between and within persons as preg- 
nancy continues.* An intensified treatment is required 
for women with serious predisposing complications 
such as hereditary antithrombin deficiency and me- 
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chanical heart valve prothesis and presumably also with 
hereditary protein C and S deficiencies. 
Margareta Hellgren, MD 
Department of Obstetrics and Gynecology 
Mölndal Hospital 
Mölndal, Sweden 
Lennart Hahn, MD 
Department of Obstetrics and Gynecology 
East Hospital 
University of Gothenburg 
Gothenburg, Sweden 
Thomas Dahlman, MD 
Department of Obstetrics and Gynecology 
Karolinska Hospital 
Stockholm, Sweden 
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Fructosamine assay as screening test for 

gestational diabetes 
To the Editors: 

The article by Comtois et al. (Comtois R, Desjarlais 
F, Nguyen M, Beauregard H. Clinical usefulness of 
estimation of serum fructosamine concentration as 
screening test for gestational diabetes. AM J OBSTET 
GYNECOL 1989;160:65 1-4) does not support use of the 
fructosamine assay as a screening test for gestational 
diabetes, in contrast to the paper by Roberts and Baker 


Table I. Fructosamine value of patients with 
positive 3-hour glucose tolerance test 


No. of 
patients Mean value (+ SD) 


Author 
Comtois et al.. 13 2.3 + 0.26 mmol/L 
Roberts and Baker! 9 2.8 + 0.40 mmol/L 


Table II. Values in percent using a standard 
prevalence of 4.0% 


O’Sullivan | Roberts and | Comtois 
et al? Baker' et al. 


Sensitivity 79 71 18 

Specificity 87 90 99 

Positive predictive 20 23 40 
value 

Negative predictive 99 99 97 
value ` 

Efficiency 87 89 96" = 
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Table III. Screening and confirmatory testing in a popul 


prevalence of gestational diabetes 








No. with positive screen who would proceed to 3 hr glucose 


tolerance test 


Total screened proceeding to 3 hr glucose tolerance test (%) 
No. ultimately detected after screening and 3 hr glucose 


tolerance test 
Sensitivity (%) 
Predictive value of positive result (%) 





previously printed in the JOURNAL.’ In this letter I dis- 
cuss why seemingly opposite conclusions were pre- 
sented by the two groups and the practical implication 
of their data. 


The two sets of data differ in the values of fructo- — 


samine obtained as indicated in Table I. This apparent 
difference in the test performance can explain the dif- 
ferent conclusions each group made from the data. 

In comparing data from different groups, especially 
in interpreting predictive values and efficiency of di- 
agnosis, it is. essential that the prevalence of disease be 
similar or identical. Table II lists the various statistical 
values of the two studies and that of O’Sullivan et al.,? 
using a standard prevalence of 4.0%. (A “positive” fruc- 
tosamine screen in the study by Roberts and Baker is 
considered a value exceeding the 95th percentile, as 
defined in that paper, from weeks 6 through 39 inclu- 
sive, and in the study by Comtois et al. as a fructosamine 
value equal to or exceeding 2.7 mmol/L. For the study 
by Comtois et al. the non-gestational-diabetic popula- 
tion had a mean fructosamine value of 2.2 mmol/L 
with a standard deviation of 0.17 mmol/L. Thus, if 
there is a “normal” distribution of results, for the sake 
of this letter, 1% of the patients without gestational 
diabetes will have a value that equals or exceeds 2.7 
mmol/L. All values in Table II are percentages. 

In examining these numbers it is imperative to em- 
phasize that a screening test should have high sensitiv- 
ity, whereas a confirmatory test should have high spec- 
ificity. A screening test limits the number of patients 
who need to have the more burdensome 3-hour glucose 
tolerance test. However, a screening test should not be 
too limiting and eliminate too many patients from pro- 
ceeding to the confirmatory test. The most critical ques- 
tions are: What sensitivity is appropriate? How many 
pregnant women are we willing to test further and at 
what expense to achieve that sensitivity? 

Table III lists how the three studies would perform 
in a population of 10,000 pregnant women with 4.0% 
prevalence of gestational diabetes. It can be seen that 
by narrowing the fields as to who proceeds to the more 
specific confirmatory test, sensitivity falls while the pre- 
dictive value of a positive test increases. 

In practical terms, the data in Table III would trans- 
late to 320 fewer women per 10,000 proceeding to the 
3-hour glucose tolerance test and 32 fewer women of 
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ation of 10,000 pregnant women with 4.0% 


O'Sullivan Roberts and Comtois 
et al. Baker et al. 


1564 1244 182 

16 12 2 
-316/400 284/400 72/400 

79 71 .18 

20 . 23 40 


the 400 with gestational diabetes being detected when 
studies by O’Sullivan et al. and Roberts and Baker are 
compared. In comparing the studies of O’Sullivan 
et al. and Comtois et al., 1382 fewer women per 10,000 
would proceed to the 3-hour glucose tolerance test and 
244 fewer of the 400 women with gestational diabetes 
would be detected. 

In summary, there is a need to further evaluate the 
fructosamine assay as a screening test for the 3-hour 
glucose tolerance test to detect gestational diabetes. 
Current evidence is insufficient to recommend the fruc- 
tosamine assay for screening purposes. Two studies 
reached different conclusions because of apparent dif- 
ferences in analytic test performance of the fructosa- 
mine assay. The cause of this difference and critical 
questions concerning screening test performance must 
be answered. 

Harvey W. Kaufman, MD 
The University Hospital 
Department of Laboratory Medicine 
88 E. Newton St. 
Boston, MA 02118 
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Reply 
To the Editors: 

We appreciate Dr. Kaufman’s interest in our article. 
The function of a screening test is to provide a con- 


- venient, reliable, inexpensive, and safe means to choose 


individuals for further testing to detect a given disease 
state. To be useful, a screening test should have a high 
sensitivity. In our study the sensitivity of serum fruc- 
tosamine in screening for gestational diabetes was low 
(18%). In fact, this performance was inferior to the one 
of fasting serum glucose since a threshold of 105 
mg/dl yielded a sensitivity of 46%. 

We came to different conclusions than Roberts and 
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Baker because of apparent differences in the two pop- 
ulations studied. Eight of the nine patients with ges- 
tational diabetes in the series had a fasting plasma glu- 
cose level =105 mg/dl with a mean level of 143 + 27 
mg/dl, whereas six of our thirteen patients with dia- 
betes had a fasting glucose =105 mg/dl with a mean 
level of 107 + 13.7 mg/dl. It seems obvious to us that 
this probable greater difference in the mean fasting 
glucose levels between normal and diabetic patients ac- 
counts, at least in part, for the greater sensitivity ob- 
served by them in the serum fructosamine as a screen- 
ing test for gestational diabetes. 

The most critical question is what is the usual fasting 
plasma glucose level in gestational diabetes? In the se- 
ries of Coustan and Imarah’ the mean fasting plasma 
glucose level of their 445 patients with diabetes was 
94 + 16 mg/dl. Furthermore, according to the Na- 

. tional Diabetics Data Group,’ the criterion of class A 
diabetes mellitus should be restricted to patients with 
a fasting plasma glucose level <105 mg/dl. 

Consequently, our data suggest that serum fructo- 
samine should be considered insensitive at least in 
screening for class A diabetes mellitus. 

Ronald Comtois, MD 
Department of Medicine 
France Desjarlais, MSc 
Department of Biochemistry 


Notre-Dame Hospital 

University of Montreal 

1560, est rue Sherbrooke 

Montreal, Quebec, Canada H2L 4M1 
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Luteinizing hormone and ovulation timing 


To the Editors: 

I read with interest the article written by Kossoy 
et al. (Kossoy LR, Hill GA, Parker RA, etal. Luteinizing 
hormone and ovulation timing in a therapeutic donor 
insemination program using frozen semen. AM J OB- 
STET GYNECOL 1989;160:1169-72). The authors cate- 
gorically stated that urinary luteinizing hormone test- 


ing offers no advantage over conventional methods, - 


such as cervical mucus examination and evaluation of 
basal body temperature, when ovulation is being timed 
for insemination with frozen donor semen. 

With more than 20 years of experience in thousands 
of donor artificial inseminations, I certainly agree with 
the authors that the cervical mucus evaluation does 
provide an indication of approaching follicular matu- 
rity and impending ovulation. I also agree with the 
authors that the basal temperature graph is useful, but 
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only in retrospect in determining when the patient ovu- 
lated and correlating this with the timing of the insem- 
ination. It has been my experience that there are many 
patients who are either irregular ovulators, anovula- 
tors, or exhibit a phenomenon that has been sometimes 
called the “anticipation of ovulation syndrome” that 
would benefit greatly from the ovulation detection kits. 
With frozen specimens that cost between $90 and $150 
apiece, it seems only fiscally prudent to incorporate the 
ovulation detection kit usage with such patients. It has 
been my experience that preovulatory follicular as- 
sessment with ultrasonography is very beneficial before 
induction of ovulation with human chorionic gonado- 
tropin in cases when frozen donor semen is being used. 
Therefore I believe that the authors have made much 
too broad a statement in their article and that only 
regularly ovulating women would fit into the category 
of not being benefited by using ovulation detection kits. 
Donald L. Cline, MD 
Reproductive Endocrinology Associates 
2010 West 86th St., Suite 111 
Indianapolis, IN 46260 


Corticosteroid treatment of pregnant women 
with antiphospholipid antibodies and previous 
fetal loss 


To the Editors: 

The provocative paper of Lockshin et al. (Lockshin 
MD, Druzin ML, Qamar T. Prednisone does not pre- 
vent recurrent fetal death in women with antiphos- 
pholipid antibody. AM J OBSTET GYNECOL 1989;160: 
439-43) requires comment. 

The conclusions derived by the authors from the data 
presented appear unjustified: Inspection of the details 
presented reveals that three of the patients had fetal 
deaths at the time prednisone was started. These are 
nevertheless claimed to be prednisone treatment fail- 
ures. In Table I, data for patients 3b, 5b, and 10 reveal 
that these patients commenced prednisone at weeks 7, 
9, and 21 and lost their fetuses at weeks 7, 9, and 21,’ 
respectively. Patient 4a had an early fetal loss (9 weeks’ 


_ gestation) after 3 weeks of 30 mg prednisone per day. 


When data for these patients are eliminated the success 
rate in the women who received prednisone is 40%. 
It is very difficult to compare Dr. Lockshin’s series 
of patients with ours as the two approaches are fun- 
damentally different. Our prospective study, which in- 
volves 31 pregnancies in 24 women with lupus anti- 
coagulant, has been published.’ The success rate is 84% 
in this series in which we used low-dose aspirin with or 
without prednisone according to the degree of distur- 
bance of the coagulation test. Dr. Lockshin cites only 
our earliest experience.’ In that article we indicate the 
requirement for suppression of maternal lupus anti- 
coagulant by prednisone treatment for fetal salvage to 
occur. When those women who had at least one fetal 
loss and no live births are selected in our series to fa- 
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cilitate comparison with Dr. Lockshin’s data, 26 preg- 
nancies in 21 women are analyzed and the success rate 
with our approach is 81%. In our earlier studies, 
women with kaolin clotting times <180 seconds (nor- 
mal in our laboratory 90 to 140 seconds) received as- 
pirin alone (75 mg/day), whereas women with kaolin 
clotting times above this value received prednisone in 
addition. We have since modified our approach because 
success with aspirin alone in women with kaolin clotting 
times approaching 180 seconds has been achieved and 
we now use 240 seconds as the dividing line. Clearly a 
grey zone exists between 180 and 240 seconds and we 
take into consideration a history of several fetal losses 
in arriving at a decision whether to use corticosteroid 
treatment plus aspirin or aspirin alone. In our ap- 
proach the aim of therapy remains the use of a suffi- 
cient dosage of prednisone to reduce the kaolin clotting 
times toward normal and to normal if possible. Ener- 
getic corticosteroid therapy (60 to 100 mg) is often re- 
quired for the first 4 weeks and rapidly tapered there- 
after according to the kaolin clotting times. Intrauter- 
ine deaths have occurred only in four women whose 
prolonged kaolin clotting times did not return to <300 
seconds with corticosteroid treatment. Immunoglobu- 
lin infusions are now used in addition to corticosteroids 
and aspirin in this group of treatment-resistant women. 
Whereas we have witnessed maternal complications 
with corticosteroid therapy,' these have not been seri- 
ous. It nevertheless remains our policy to reduce the 
dosage of prednisone as soon as control of the kaolin 
clotting times is established to shorten the time of ex- 
posure to very high doses. We believe the duration of 
exposure to high-dose corticosteroid treatment is more 
important in relation to the development of maternal 
complications than is the actual dosage. Corticosteroid- 
or aspirin-induced effects have not been encountered 
in the neonates. 

An important difference between our series and that 
of Dr. Lockshin and colleagues is the selection of 
women for corticosteroid therapy. We remain uncertain 
as to the value of anticardiolipin antibody titers as ther- 
apeutic criteria. In our experience these have been un- 
reliable.? The kaolin clotting times with a full dilution 
curve performed in each instance has been used as our 
test on which diagnostic and therapeutic decisions are 
based. The less labor-intensive dilute Russell viper 
venom time is currently being evaluated as a guide to 
therapy. 

‘Therefore our experience and success rate stand in 
sharp contrast to that of Dr. Lockshin and colleagues. 
Many patients with antiphospholipid antibodies (lupus 
anticoagulant more specifically, we believe) do not re- 
quire prednisone; we believe all require low-dose as- 
pirin but concede that there may be an undetermined 
number of women with low titer lupus anticoagulant 
who require no specific therapy. We do not advo- 
cate corticosteroid therapy in women with systemic lu- 
pus erythematosus with normal coagulation test re- 
sults unless a specific SLE—related complication arises. 
These women are routinely given low-dose aspirin in 
an effort to reduce the incidence of gestational hyper- 
tension. 
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Our therapeutic approach has yielded an 84% suc- 
cess rate in a condition in which untreated women have 
a success rate of 7%.° The discrepancy between our 
conclusion and that of Dr. Lockshin and colleagues un- 
derscores the need for controlled clinical trials in this 
important group of women with potentially prevent- 
able fetal loss. Until more definitive conclusions are 
possible we believe the statement contained in the title 


- of Dr. Lockshin’s article is unjustified. 


Wilhelm F. Lubbe, MD, FRACP, FACC 
Department of Medicine 


Neil S. Pattison, MB ChB, MRCOG 
Postgraduate School of Obstetrics and Gynaecology 


Auckland University 
Auckland 3, New Zealand 
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Reply 
To the Editors: 

We thank Drs. Lubbe and Pattison for their com- 
ments. Our article was intended first to reduce the en- 
thusiasm we have seen for the treatment of even pri- 
miparous women with high-dose corticosteroid and 
second to provoke enough controversy to be certain 
that the use of prednisone in phospholipid antibody- 
positive patients with prior fetal death is understood to 
be experimental rather than established fact. We ap- 
pear to have achieved our goals. 

As Drs. Lubbe and Pattison point out, patients 3b, 
5b, and 10 lost their fetuses within 10 days (with round- 
ing, 1 week) of starting treatment. In the case of 3b 
and 5b treatment was started as soon as pregnancy was 
confirmed. We argue that it is appropriate to include 
these patients and that excluding them biases conclu- 
sions in favor of treatment. Others, of course, may dis- 
agree. 

We are delighted that the correspondents emphasize 
rapid tapering of prednisone, because Dr. Cowchock 
believed that tapering was unjustified. Drs. Lubbe and 
Pattison believe their complications with high-dose cor- 
ticosteroid were not “serious.” In their 1988 article,’ of 
19 patients, one had pneumonia, four had back pain 
(of which at least one was a documented fracture), four 
had exacerbation of hypertension, and one became di- 
abetic. We would have counted these as serious. The 
1988 article was published after our manuscript was 
submitted. It is a review without a formal material and 
methods section, not a research paper, so it cannot be 
critically analyzed. 

The argument with regard to anticardiolipin anti- 
bodv versus lupus anticoagulant has heen discnssed 
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elsewhere.” * Although there is overlap, the tests are 
not equivalent. Anticardiolipin antibody is more fre- 
quent and more sensitive but (in some hands) less spe- 
cific than the anticoagulant for the prediction of fetal 
death. We have seen many women with lupus antico- 
agulant with or without anticardiolipin antibody deliver 
normally without treatment (our patient 18 is an ex- 
ample). Unlike lupus anticoagulant, anticardiolipin an- 
tibody rarely returns to normal with treatment. Have 
Drs. Lubbe and Liggins compared aspirin plus pred- 
nisone with aspirin alone? Do they have comparison 
trials to justify their recommendations of intravenous 
gamma globulin? 
We agree that controlled trials of treatment with uni- 
form entrance criteria are necessary. 
Michael D. Lockshin, MD 
NIH/NIAMSD 
Building 31 4C32 
Bethesda, MD 20892 
Maurice L. Druzin, MD 
The New York Hospital 
525 East 86th St. 
New York, NY 10021 
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The Zavanelll maneuver 


To the Editors: 

Since reading Sandberg’s first article’ about the Za- 
vanelli maneuver (Sandberg EC. The Zavanelli maneu- 
ver: a potentially revolutionary method for the reso- 
lution of shoulder dystocia. AM J OBSTET GYNECOL 
1985;152:479-84), I was confronted in July 1987 with 
a case of intractable shoulder dystocia in which vaginal 
reinsertion of the fetal head and subsequent cesarean 
delivery was achieved.’ After classic maneuvers had 


failed, cephalic replacement was not possible. The fetus 


was breathing. The baby was ventilated with a face mask 
(Ambu-bag). An urgent lower-segment cesarean sec- 
tion was performed. The assistant flexed the fetal head 
and pushed it up through the vagina and cervix easily. 
Fourteen minutes after the vaginal delivery of the head, 
a 5.1 kg female infant was delivered abdominally. Ap- 
gar scores at 1, 5, and 10 minutes were 0, 0, and 6. 
The infant was cared for in the special care unit. By 
72 hours ventilation was not needed. At 1 year the 
infant did not show any delayed psychomotor devel- 
opment. The mother’s postoperative period was un- 
eventful. 

Sandberg’s second report? stresses the ease with 
which the extruded heads were replaced, describing it 
as “an effortless recoil.” In the discussion, Russell won- 
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dered whether considerable difficulty in replacing the 
head had occurred to account for Sandberg’s reported 
delays before the cesarean delivery. Unfortunatley, in 
his reply Sandberg did not have any more information 
to clarify the situation. 

In my patient’s case the flexion of the head to return 
it to the abdomen failed until general anesthesia was 
induced; a nurse then reinserted it very easily. A face 
mask was used to ventilate the distressed infant until 
replacement. 

Such delay of cephalic replacement is serious because 
the fetus is subjected to serious hypoxia.’ Subcutaneous 
terbutaline sulfate used to relax the uterus in the three 
cases reported by O'Leary and Gunn‘ might have 
helped earlier replacement of the head. In the mean- 
time the use of a face mask to ventilate the distressed 
fetus was easy. 

Careful evaluation of all cases is essential to modify 
and improve the Zavanelli technique to establish its role 
in the management of shoulder dystocia. 

Essam S. Dimitry, MD 
Department of Obstetrics and Gynaecology 
St Thomas’s University Hospital 
Lambeth Palace Road 
London, England SEI 7EH 
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Modified cystoscopy to evaluate unilateral 

traumatic injury of the ureter during 

pelvic surgery 
To the Editors: 

Traumatic injury to the ureter is the most trouble- 
some problem that may be encountered during pelvic 
operations. However, recognition of the unilateral ure- 
teral injury is sometimes difficult.! Any surgeon will be 
anxious to prove or disprove the existence of such a 
trauma before closure of the abdominal wall. Dye ex- 
cretory cystoscopy is one of the screening methods used 
to confirm the patency of the ureter, but in the case of 
unilateral injury the excretion of the dye from the nor- 
mal ureter will soon darken the whole urinary bladder 
and will interfere the observation of the other side. We 
designed a modified method that allows observation of 
the excreted dye from both ureteral orifices for as long 
as needed. 

The method is to first empty the urinary bladder with 
a urinary catheter. Then infuse approximately 150 ml 
of 10% glucose in water into the urinary bladder. When 
the catheter is removed, 5 ml (20 mg) indigo carmine 
is injected intravenously. A cystoscope is then inserted 
to observe the excretion of the dye from the ureteral 
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orifices. Because of the different specific gravities be- 
tween the glucose solution and the excreted indigo car- 
mine in the urine, the dye will always rise to the upper 
part of the bladder, thus allowing clear observation of 
both ureteral orifices and ensuring an accurate evalu- 
ation. With this method clear observation is ensured 
for an indefinite amount of time. If there is no excre- 
tion of the dye 20 to 30 minutes after excretion is ob- 
served on the normal side, traumatic injury must be 
considered and further investigation should be done. 


Bao-Liang Lin, MD. 


Yoshiyuki Iwata, MD 
Department of Obstetrics and Gynecology 
Kawasaki Municipal Hospital 
12-1, Shinkawadori, Kawasakiku, Kawasaki, 
Kanagawaken, 210, Japan 
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Hydramnios in the third trimester of pregnancy: 
A change in the distribution of accompanying 
fetal anomalies as a result of early 
ultrasonographic prenatal diagnosis 


To the Editors: 

The cited causes of hydramnios in the third trimester 
of pregnancy according to the current literature’ are 
as follows: unknown origin in 60% of the cases, asso- 
ciated maternal factor in 20% of the cases, and con- 
genital fetal malformations in 20% of the cases. Of the 
congenital anomalies, central nervous system malfor- 
mations are thought to be the most common cause for 
hydramnios (up to 45%). Gastrointestinal tract anom- 
alies are the second most common cause and occur in 
approximately 30% of the cases. Cardiovascular system 
anomalies, renal malformations, and sporadic cases 
such as congenital chylothorax, teratomas, cystic hy- 
groma, thanatophoric dwarfism, and trisomy 18, are 
reported to be associated with hydramnios in the re- 
maining 25% of cases. 

To examine whether the use of level two ultra- 
sonographic examinations in early diagnosis of fetal 
malformations had any effect on the distribution of the 
congenital defects that occur with hydramnios in the 
third trimester of pregnancy, we reviewed more than 
100 cases of hydramnios. 

During 4 years (1982 to 1986) hydramnios was de- 
tected in 120 pregnancies in the third trimester and 
was confirmed during labor. In 71 cases, no fetal mal- 
formations or maternal disease was identified and these 
cases were considered idiopathic. In nine cases hy- 
dramnios was associated with multiple pregnancy, in 
six with diabetes mellitus, in five with macrosomic 
fetus, and in the others with erythroblastosis fetalis, 
pregnancy-induced hypertension, intrauterine fetal 
death of one twin, and amniotic band (Table I). Twenty- 
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Table I. Cause of 120 cases of hydramnios 
diagnosed by ultrasonography and confirmed 


post partum 
Ga z 








Unknown 71 59.2 
Fetal anomalies i 23 19.1 
Multiple pregnancy 9 7.5 
Diabetes mellitus 6 5 
Macrosomic fetus 5 4.2 
Erythroblastosis fetalis 2 1.7 
Pregnancy-induced hypertension 2 1.7 
Missed twins 1 0.8 
Amniotic band 1 0.8 
Table II. Twenty-three cases of hydramnios 
associated with congenital anomalies 
Organ system involved No. % 
Gastrointestinal tract 9 39 
Central nervous 6 26 
Circulatory 5 22 
Urinary tract 3 13 


three cases of hydramnios were associated with fetal 
anomalies (Table II). The most common anomaly 
(39%) involvėd the gastrointestinal tract and included 
four cases of duodenal atresia, two cases of diaphrag- 
matic hernia, two cases of esophageal atresia, and one 
case of omphalocele. Central nervous system abnor- 
malities represented only 26% of the anomalies asso- 
ciated with hydramnios in this series. Anencephaly was 
the most common malformation (four cases). The other 
anomalies included one case of hydrocephaly and one 
case of exencephaly. All central nervous system anom- 
alies were accompanied by spina bifida. 

Cardiovascular and urinary systems anomalies con- 
stituted the remaining 35% of cases of anomalies as- 
sociated with hydramnios. 

During this period 12 pregnancies were terminated 
in the second trimester because of central nervous sys- 
tem anomalies (anencephaly and exencephaly) incom- 
patible with extrauterine life. These malformations are 
commonly associated with hydramnios in the third 
trimester. 

Our results clearly show differences in the distribu- 
tion of central nervous system and gastrointestinal tract 
malformations as a cause for hydramnios in the third 
trimester of pregnancy in comparison with: current 
textbook data.'* These differences may be explained 
primarily by the fact that pregnancies with early de- 
tection of central nervous system anomalies incompat- 
ible with life (usually associated with hydramnios) were 
terminated in the second trimester. These results may 
call for a revision in the accepted association between 
hydramnios in the third trimester with different types 
of fetal congenital malformations and may point to the 
necessity of more meticulous trial of gastrointestinal 
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tract malformations diagnosis in cases of hydramnios 

in the third trimester of pregnancy. i 

A. Ben-Chetrit, MD 

D. Hochner-Celnikier, MD 

M. Ron, MD 
S. Yagel, MD 

Department of Obstetrics and Gynecology 

Hadassah University Hospital 

P.O.B. 24035 

Jerusalem 91240, Israel 
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Hormonal contraception In the 
postmolar interval 


To the Editors: 

We were interested in the results of the Gyneco- 
logic Oncology Group multicenter randomized study 
on hormonal contraception after hydatidiform mole 
[Curry SL, Schlaerth JB, Kohorn EI, et al. Hormonal 
contraception and trophoblastic sequelae after hyda- 
tidiform mole (A Gynecologic Oncology Group study) 
AM J OBSTET GYNECOL 1989;160:805-11]. These re- 
sults are in agreement with our previous observational 
study' and other reports** that show that oral contra- 
ceptive steroids did not increase the risk of invasive 
complications during the postmolar phase. 

Our prospective study was initiated in 1975 and com- 
pleted in 1984. We extend our observations from the 
194 women with molar pregnancies reported in 1983! 
to 292 patients when the study was completed. Data 
were collected in a provincial molar pregnancy registry 
during the years noted. The main purpose of the study 
was to determine whether oral contraceptive steroids 
influenced the need for treatment of invasive compli- 
cations in the postmolar period. The method used in 
the study was previously described.’ All patients had 
intact uteri and were divided into two groups. Group 
A included women in whom the levels of B-subunit 
human chorionic gonadotropin (hCG) declined to nor- 
mal without chemotherapy, whereas group B com- 
prised patients in whom invasive postmolar complica- 
tions developed that required chemotherapy. Women 
who received OCS used monophasic formulations that 
contained between 20 to 50 pg of ethinyl estradiol and 
50 to 100 ug of mestranol in combination with various 
progestins including norethindrone, norethindrone ac- 
etate, ethynodiol diacetate, and p-norgestrel. Apart 
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from the seven women (four in group A and three in 
group B) ingesting >50 pg of estrogen described in 
our initial report,’ none of the remaining patients took 
doses >50 yg of estrogen. 

In group A there were 269 women, whereas in group 
B there were 23 women. The number of women who 
took oral contraceptive steroids (versus no oral contra- 
ceptive steroids) in group A was 149 versus 120 and in 
group B was 14 versus 9, respectively, and was not 
significantly different (x? = 0.26, > 0.05). The post- 
molar hCG-positive intervals in both groups of women 
who did and those who did not take oral contraceptive 
steroids were also not significantly different (p > 0.05, 
Mann-Whitney test). With the exception of younger age 
in group A women aged 24.9 + 0.4 years (mean and 
SEM) who took oral contraceptives versus women aged 
28.1 + 0.6 years who did not take oral contraceptives 
(p < 0.01, Student ¢ test), further comparisons within 
groups did not reveal significant differences between 
those who did and those who did not receive oral con- 
traceptive steroids in the number of previous pregnan- 
cies, duration of amenorrhea, or uterine size at time of 
entry into the study. 

Thus the addition of 98 women to our initial report 
of 194 women for a total of 292 patients further con- 
firms our initial conclusion that oral contraceptive ste- 
roids administered in the postmolar interval did not 
increase the risk of developing invasive complications. 
In addition to our data, those of Morrow et al.? of 149 
women, Berkowitz et al. of 100 women, and the recent 
Gynecology Oncology Group study of 216 women, to- 
talling 757 patients with the use of quite different meth- 
odologic approaches, reached the same conclusion. 

Basil Ho Yuen, FRCS(C) 
Patti Burch Callegari, RN 
Department of Obstetrics and Gynaecology 
Faculty of Medicine 


` Room 2H30—4490 Oak St. 


Vancouver, British Columbia, Canada V6H 3V5 


REFERENCES 


1. Ho Yuen B, Burch P. Relationship of oral contraceptives 
and the intrauterine devices to the regression of concen- 
trations of the beta subunit of human chorionic gonado- 
tropin and invasive complications after molar pregnancy. 
AM J OBSTET GYNECOL 1983;145:214-7. 

2. Morrow P, Nakamura R, Schlaerth J, Gaddis O, Eddy G, 
The influence of oral contraceptives on the postmolar hu- 
man chorionic gonadotropin regression curve. AM J OB- 
STET GYNECOL 1985;151:906-14. 

3. Berkowitz RS, Goldstein DR, Marean AR, Bernstein M. 
Oral contraceptives and postmolar trophoblastic disease. 
Obstet Gynecol 1981;58:474-7. 


Response declined 


Angiographic embolization 


To the Editors: 
It was with great interest that we read the article by 
Chin et al. (Chin HG, Scott DR, Resnik R, Davis GB, 
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Lurie AL. Angiographic embolization of intractable 
puerperal hematomas. AM J OBSTET GYNECOL 1989; 
160:434-8). These additional cases strongly support the 
conclusions derived from our case series of puerperal 
hematomas managed by angiographic embolization.' 
Timely radiographic studies and intervention after 
failed conservative management, but before hypogas- 
tric artery ligation was attempted, was successful in our 
three cases as well. Interestingly, all three of our par- 
turients were subsequently found to have an underly- 
ing coagulation disorder, leading us to question its role 
in the development of puerperal hematomas, a rare 
but life-threatening complication. 

We remain surprised that such a potentially useful 
technique as angiographic embolization has not re- 
ceived wider publicity and acceptance for the treatment 
of puerperal hematomas. We hope that the recent 
Journau article will provide the necessary impetus to 
widen its usage. 

Linda J. Heffner, MD, PhD 
Department of Obstetrics, Gynecology and 

Reproductive Biology 
Brigham and Women’s Hospital and 

Harvard Medical School 
75 Francis St. 

Boston, MA 02115 
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Reply 
To the Editors: 

We are also surprised that angiographic embolization 
is not more widely used in the treatment of intractable 


puerperal hematomas. Our goal was to present the’ 


technique and our cases in a more widely read journal 
than the American Journal of Perinatology where the ex- 
cellent article by Heffner et al. appeared. 

One of our two patients had a coagulation disorder, 
as did two of the three patients presented by. Heffner 
et al. We agree with their conclusion that patients who 
develop large hematomas should undergo investigation 
for a coagulopathy. 

: Homer Chin, MD 
Department of Reproductive Medicine 
University of California 
San Diego Medical Center 
Mail Code H-813 
225 W, Dickinson St. 
San Diego, CA 92103 


Biparietal diameter/femur length ratio as 
predictor of trisomy 21 
To the Editors: 
In an article by Lockwood et al. (Lockwood C, Ben- 
acerraf B, Krinsky A, et al, A sonographic screening 
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method for Down syndrome. AM J OBSTET GYNECOL 
1987; 157:803-8) the finding at second trimester ultra- 
sonography of a region of thickened nuchal skin, was, 
in combination with an abnormal biparietal diam- 
eter/femur length ratio, found to be a useful predictor 
of trisomy 21. We wish to present a case of a rare chro- 
mosome abnormality associated with such an area of 
thickened nuchal skin. 

A 35-year-old Malaysian woman, gravida 2, para 2-0-0-2, 
was referred at 17 weeks’ estimated gestational age for genetic 
counseling and possible amniocentesis. After appropriate 
counseling an ultrasonographic scan was performed. Accord- 
ing to the patient’s last menstrual period, gestational age was 


‘17% weeks, biparietal diameter was 29 mm = 14% weeks, 


head circumference was 115 mm = 15% weeks, femur length 
was 18 mm = 15% weeks, and abdominal circumference was 
91 mm = 14% weeks. A 6 mm region of thickened nuchal 
skin was seen and amniotic fluid volume was thought to be 
decreased. The biparietal diameter/femur length ratio was 
normal. f 

Amniocentesis was done without difficulty. Fetal karyo- 
type was reported as 46,XY,4 p+. Parental karyotypes 
were determined. Maternal karyotype was 46,XX. Paternal 
karyotype demonstrated a balanced translocation involving 
the short arms of chromosomes 4 and 10 viz. 46,XY, 
t(4: 10)(p15.2;p11.1). The final report on the fetal karyotype 
was that of 46,XY,—4 +der(4),t(4;)(p15.2;p11.1) pat, a com- 
plex unbalanced translocation involving a monosomy for 
4p15.2>4pter and a trisomy for the short arm of chromosome 
10. The parents were counseled that the fetus was expected 
to have severe clinical abnormalities. Termination of preg- 
nancy was sought at a nonfederal medical facility. 


The finding of thickened nuchal skin in the second 
trimester may therefore prove to be an indicator of 
varied chromosomal abnormalities, in addition to a spe- 
cific marker for trisomy 21. Further investigation of 
this finding is warranted. 

; Jerome N Kopelman, MD 
Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Madigan Army Medical Center 
Tacoma, WA 98431-5021 

Kunio Miyazawa, MD 
Department of Obstetrics and Gynecology 
Tripler Army Medical Center 
Tripler AMC, Hawaii 96859-5000 


Does maternal genital herpes infection influence. 

fetal gender? 
To the Editors: 

We have investigated the possible association between 
either male or female fetal gender and the occurrence 
of maternal intrapartum and postpartum infections. 
Our study population consisted of all women who were 
delivered of singleton infants without birth defects at 
University Hospital, University of Colorado Health Sci- 
ences Center, from July 1, 1981, through June 30, 1985 
(N = 8758). Data on each woman were originally coded 
from medical records for the Perinatal Database of the 
Lulu O. Lubchenco Center for Perinatal Research, Ed- 
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Table I. Genital herpes simplex virus infection and fetal gender 













Herpes simplex virus infection 








During pregnancy Before pregnancy 





Gender 


Male 4351 (51.4) 55 (42.3) 45 (44.6) 
Female 4115 (48.6) 75 (57.7) 56 (55.4) 
TOTAL . 8466 130 101 

Missing = 61. 


x? = 6.025; p = 0.049. 


ucation, Follow-up, and Epidemiology at the -Health 
Sciences Center. 

In this large cohort of women there was a significantly 
decreased proportion of males (43.3%) versus an in- 
creased proportion of females (56.7%) born to mothers 
with a history of genital herpes during or before preg- 
nancy (Table I). Minkoff and colleagues noted similar 
findings in the presence of abnormal vaginal microflora 
and postulated that these differences were mediated 
by infection-influenced changes in vaginal pH.’ En- 
dometritis has been noted in the presence of various 
lower genital tract infections, including herpes simplex 
virus infection.? We suggest that infection-altered en- 
dometrial epithelium may interact with spermatozoa or 
the blastocyst to influence the sex ratio. Confirmation 
of this finding in other populations may further our 
understanding of how diverse microbial pregnant host 
interactions may influence reproductive outcomes.* 

James A. McGregor, MDCM 
Marilyn Leff, MSPH 
School of Medicine 
4200 East Ninth Avenue 
Denver, CO 80262 
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Colposcopy and computer graphics 
To the Editors: 

I read with great interest the article of Contini et al. 
(Contini V, Zobbi CL, Pasquinucci C. Colposcopy and 
computer graphics: a new method. AM J OBSTET Gy- 
NECOL 1989; 160:535-8). Innovation in technology usu- 
ally entails progress in other disciplines of science. This 
remains true for colposcopy and computer graphics. 
Unfortunately, the cervicography was not a step for- 
ward because the photos of this method are technically 
defective in about 20% of the cases. I still use the col- 


pophotogram with all its advantages. There is only one 
disadvantage to the method of the colpophotogram— 
the long time required after the photos are taken be- 
fore they are available. This drawback now can be over- 
come by a computerized printer. I formerly did my 
data storage by means of a videotape recorder. Un- 
doubtedly the computer disc is a great advantage in- 
asmuch as it allows a variety of possible pictorial ma- 
nipulations and the calculation of the irregular areas 
with good approximation. 

In the past I did the calculations the hard way and 
measured on the colpophotograph to find out the area 
extension of the target lesion. Of the preinvasive le- 
sions, 10% were <10 mm? when first diagnosed in the 
office. I was also aware of the mistakes that I made 
because of the three-dimensional structure of the cer- 
vix. The artificial intelligence will solve this problem in 
the near future. 

The computerized colposcopy in gynecologic re- 
search is extremely important for observing and re- 
cording tissue changes, especially of carcinoma in situ 
under treatment, and for supervising drug treatments 
with anticancer effects that are not yet proved. Carci- 
noma of the cervix is the precursor of invading uterine 
cervical carcinoma, an ideal model in human cancer 
research. It is our conviction that the precancer cell 
complex. dysplasia is an extremely altered group of 
cells. Researchers are provided with a direct approach 
to operate on the cell level. If any new treatment can 
be found, curative response can quickly be proved by 
this method. For the first time the entire life history of 
a form of human cancer was revealed by serial cytology 
and colposcopy. Cell regression or progression during 
experimentation can now be monitored with great ac- 
curacy. 

What I prophesized in 1978 at the Congress of the 
Pan American Cancer Cytology Society in New York 
was a utopian dream that became reality by comput- 
erized colposcopy. Modern telecommunication systems 
make it possible to communicate and consult world- 
wide. Far beyond reality is the statement that every 
gynecologic department uses colposcopy routinely. 

The late Hinselmann used to say, “Progress in gy- 
necology by colposcopy takes 100 years.” Now 7 cen- 
turies after his invention, 400 women still die annually 
in Austria of carcinoma of the cervix, a preventable 
disease. May the new technique of Contini et al. help 
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to realize the dream that we can speak of radical op- 
erations for carcinoma of the cervix uteri in the near 
future as “procedures of the past.” 

Helmut E. Fegerl, MD 
Facharzt fiir Gynäkologie und Geburtshilfe 
Starhembergstrasse 17 
Linz, Austria 4020 
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A modification of operative laparoscopic 
technique to permit removal of an ectopic 
pregnancy without morcelilation 


To the Editors: 

We read with great interest the article “Ectopic tubal 
pregnancy treated by operative laparoscopy” (Hender- 
son SR. AM J OBSTET GYNECOL 1989;160:1462-9) 
and would like to suggest-a modification to the pro- 
cedure. The Reproductive Endocrinology Department 
of North Shore University Hospital has been teaching 
a similar procedure for the past 2 years, and a total of 
20 cases have been successfully completed. 

In a recent case we found that it would be possible 
to extract the conceptus through the 1 cm laparoscope 
and would like to describe the modification that we 
adopted. 


The patient, a 29-year-old woman, para 1-0-0-1, with 7 
weeks of amenorrhea, had spotting and increasing right lower 
abdominal pain for 1 week. She was referred to a member of 
our department who removed an intrauterine contraceptive 
device that had been in use for 2 years. The physician noted 
a tender swelling in the right adnexa. The B-subunit human 
chorionic gonadotropin level was 1475 U/ml, and an abdom- 
inal ultrasonogram showed intrauterine echoes suggesting a 
missed abortion and a left ovarian cyst. 

A standard: 1 cm Wolf diagnostic laparoscope was used to 
show an unruptured right ampullary ectopic pregnancy mea- 
suring 3 cm in length. Through a suprapubic insertion a 
0.5 cm grasping forceps was used to fix the proximal end of 
the tube. Another 0.5 cm cannula in the right lateral position 
was used as a conduit to inject 3 ml (6 units) of a 1:10 solution 
of vasopressin (Pitressin, 20 U/ml; Parke-Davis, Morris Plains, 
N.J.) into the wall of the tube around the pregnancy. 

Subsequently a unipolar needle electrode was inserted 
through this third cannula. At 30 W of power a linear salpin- 
gotomy was performed in the antimesenteric border, and the 
conceptus was removed intact with the grasping forceps, leav- 
ing a dry bed. It was clear that morcellation likely would be a 
long and incomplete process with the 0.5 cm cannula used for 
egress so it was decided to use the 1 cm cannula. 

The laparoscope was withdrawn into the 1 cm cannula so 
that most of its lumen could be seen; the grasping forceps 
holding the conceptus was aligned with the cannula, and the 
conceptus was pushed into its mouth. The carbon dioxide 
supply side tap was switched off and the laparoscope was re- 
moved from the cannula. The conceptus was released and the 
1 cm cannula valve was opened, allowing peritoneal gas to 
carry the conceptus up and out of the cannula into the surgical 
field. 

The laparoscope was reinserted into the cannula, and the 
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tube was inspected for hemostasis. Closure of the tube was not 
attempted, and irrigation was not required. 

The operative laparoscopic procedure was completed in 50 
minutes, and the patient was discharged home 5 hours later. 
She subsequently had an uncomplicated recovery. 

We believe that this simple modification will allow 
removal of the intact conceptus in operative laparos- 
copy of the ectopic pregnancy up to 3 cm in length and 
will reduce concern over dispersal of trophoblast as a 
result of morcellation. 

David Eysler, MD 
Robert Soper, MD 
Department of Obstetrics and Gynecology 
North Shore University Hospital 
300 Community Dr. 
Manhasset, NY 10030 


Poor predictive value of symphysial-fundal 
height when misused in clinical practice 


To the Editors: 

Ten years ago Westin' and our group? published 
studies that showed a good predictive value of 
symphysial-fundal height in the diagnosis of infants 
with intrauterine-growth retardation (IUGR). We rec- 
ommended that individual values of symphysial-fundal 
height obtained in the antenatal clinics must be graphed 
on standard charts. to make an early and accurate di- 
agnosis. 

After these publications many others appeared in 
support of those results.*° One of them compared dif- 
ferent charts, and seeing the similarities, advised that 
any of the already published charts could be used for 
any white population.‘ 

However, in subsequent years when we compared the 
predictive value of the method in the clinical practice 
results were not as satisfactory (Table I). In Table I 
retrospective evaluation of symphysial-fundal height in 
the diagnosis of IUGR are shown. Values obtained by 
our group in 1978 and already published? are shown. 
(Sensitivity 86%). An evaluation performed in 1983 in 
a case-control study had a sensitivity of 66.7%. Ten 
years after our publication the method had a sensitivity 
of 26.5%. Inasmuch as the positive predictive value of 
the method showed variations in relation to the prev- 
alence of disease, the last column of Table I showed a 
calculated positive predictive value with the assumption 
of a similar prevalence of 10% of IUGR in the three 
populations. A significant decrease of this value was 
observed in the 1988 series. Those results were ob- 
tained by the same group of physicians involved in the 
1978 study. Those physicians did not actually graph the 
individual values obtained on the standard chart as ad- 
vised. Similar poor results were observed by others in 
a multiphysician setting.’ 

The purpose of showing these results is to document 
a very well known statement that a method is not useful 
when it is inappropriately used. Daily clinical practice 
is done in a hurry and there is a tendency to subvaluate 
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Prevalence 


No. (%) (%) 


Year 


1978 139 31.6 86.4 
(Selected population) 

1983 93 48.4 66.7 
(Case-control) | 

1988 84] 8.1 26.5 


(Overall population) 


Table I. Predictive value of symphysial—fundal height in diagnosis of IUGR 
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Positive 
Positive Negative predictive 
Specificity predictive predictive value fixed 
(%) value % value % prevalence 10% 





89.5 79.2 93.4 48.9 
93.8 90.1 75.0 54.4 
88.2 16.5 93.2 20.0 





simple and routine measurements. The measurements 
are inappropriately performed and interpretation of 
them (in this case plotting values on a graph) is not 
done. In the similar setting of patients and physicians 
the predictive value of this method decreases signifi- 
cantly with time. 

We conclude that when carefully used this simple 
low-cost method is a useful tool for the diagnosis of 
IUGR, and that physicians must give relevance to the 
performance and interpretation of clinical measure- 
ments such as this and others obtained in daily practice. 

José M. Belizin, MD, PhD 
José Villar, MD, MPH 
Juan C. Nardin, MD 
Centro Rosarino de Estudios Perinatales 
Br. Oroño 500 
2000 Rosario, Argentina 
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Hyperemesis gravidarum and fetal 
growth retardation 


To the Editors: 

Gross et al. pointed out in their article (Gross S, Li- 
brach C, Cecutti A. Maternal weight loss associated with 
hyperemesis gravidarum: A predictor of fetal outcome. 
AM J OBSTET GYNECOL 1989;160:906-9) that patients 
with hyperemesis who lost more than 5% of their body 
weight on admission to the hospital were at greater risk 
of carrying fetuses with growth retardation. However, 
the assessment of the amount of weight loss at times 
relies entirely on the patient’s recall of previous body 
weight and may be erroneous. In our population, data 
of the prepregnant weights of patients with hypere- 
mesis are often lacking. We therefore define our group 
of patients with “severe” hyperemesis by different cri- 
teria. The vomiting is classified as severe if one or more 


. of the following are present: heavy ketonuria (3+ on 


Ketostix reagent strips), increase in blood urea and cre- 
atinine concentrations, serum electrolyte disturbance, 
or increase in hematocrit (>0.43%). Our results showed 
that the mean birth weight (adjusted for gestation) of 
the babies of the “severe” hyperemesis group is signif- 
icantly smaller than that of both the “mild” hyperemesis 
group and the general hospital population.' 

Although different criteria were used, the two studies 
agreed on the fact that the babies of patients with severe 
hyperemesis are at greater risk of growth retardation 
and these pregnancies should therefore be closely mon- 
itored. 

R. K. H. Chin, MRCOG 

Department of Obstetrics and Gynaecology 
Caritas Medical Centre 
111 Wing Hong St. 
Shamshuipo, Kowloon, Hong Kong 
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Fetal Doppler ultrasonography 
and cordocentesis 


To the Editors: ; 

We were pleased Ferrazzi et al. found significant cor- 
relations between umbilical arterial Doppler ultrason- 
ographic studies and blood gas and acid-base mea- 
surements in six umbilical venous and three “pre- 
sumed” umbilical arterial cordocentesis samples 
(Ferrazzi E, Pardi G, Bauscaglia M, et al. The corre- 
lation of biochemical monitoring versus umbilical fow 
velocity measurements of the human fetus. AM J] OB- 
STET GYNECOL 1988;159:1081-7). However, we regret 
that despite their criticism of our 1986 study (which 
established that significant correlations exist between 
fetal blood velocity studies and blood gas and acid-base 
results before labor or delivery by analyzing 29 umbil- 
ical venous cordocentesis samples) they did not quote 
the reference.’ 

The analysis of their results is inaccurate because they 
did not adjust for the changes in blood gas and acid- 
base parameters with gestational age that we reported 
from studies of transabdominal cord samples from 200 
normal pregnancies,’ despite our warning in the Amer- 
ican literature.’ This was the reason why we presented 
our data in the “derived format” that they describe as 
“unfortunate” but is in fact necessary. 

We were also concerned that of the 10 cordocentesis 
samples taken, one was excluded because of a low he- 
moglobin concentration and three others (thought to 
be umbilical venous blood at the procedure) were ret- 
rospectively reclassified as umbilical arterial on the basis 
of the laboratory results. It is possible to be confident 
of the source and purity of cordocentesis samples with 
appropriate technique’ and it is necessary for the use 
of this procedure to guide obstetric management.’ 

Peter Soothill, MD 
Harris-Birthright Unit of Fetal Medicine 
Kings College Hospital 
London, England SE5 


REFERENCES 
1. Soothill PW, Nicolaides KH, Bilardo C, Campbell S. The 


relation of fetal hypoxia in growth retardation to mean , 


velocity of blood in the fetal aorta. Lancet 1986;2:1118-20. 

2. Soothill PW, Nicolaides KH, Rodeck CH, Campbell S. The 
effect of gestational age on blood gas and acid-base values 
in human pregnancy. Fetal Therapy 1986; 1:168-75. 

8. Soothill PW, Nicolaides KH. Fetal blood gas and acid-base 
measurements must be corrected for gestational age. Ob- 
stet Gynecol 1987;70:429. 

4. Nicolaides KH, Soothill PW, Rodeck CH, Cambell S. 
Ultrasound-guided cord and placental blood sampling to 
assess fetal well-being. Lancet 1986;1:1065-7. 

5. Soothill PW. Cordocentesis: role in assessment of fetal con- 
dition. In: Manning F, ed. Clinics in perinatology. Phila- 
delphia: WB Saunders, 1989:16. 


Reply 
To the Editors: 

We thank Dr. Soothill for his letter pointing out the 
erroneous reference we quoted to his work. In fact, the 
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article we referenced to their work does present the 
actual lactate concentrations and respiratory gas values. 
The correct reference as he points out, should be the 
article in Lancet,’ which is the one in which “adjusted” 
values were used. Certainly, Soothill and colleagues 
have been active in the field in attempting to evaluate 
the role of cordocentesis in the management of high- 
risk pregnancies, and we have followed their work with 
interest and commend them for their contributions. 
We do have a disagreement in that we believe that 
there is no need for “adjusting” values. At an early stage 
in the assessment of a new procedure such as cordo- 
centesis (percutaneous umbilical blood sampling) it is 
imperative that different groups of investigators are 
able to compare their data. We should like to point out 
that the fact that physiologic measurements change 
during development is not a new observation and has 
been addressed in perinatal physiology innumerable 
times; it does not require adjustment of values. It is 
appropriate to present regression analyses of the 
change of physiologic data against time, but the actual 
measurements should be presented so that comparisons 
of the data obtained at different centers are possible. 
Along those lines we should point out that we have 
published a series of studies on the midgestation fetal 
lamb that have pointed out the higher oxygen satura- 
tions found in the fetal circulation in midgestation as 
compared with term. These higher values are found 
despite a higher fetal oxygen consumption at midges- 


. tation as compared with term.** 


As to our results being “inaccurate because they did 
not adjust” values, we point out that the design of our 
study included data in a narrow gestational age window, 
that is, only from 30 to 35 weeks’ gestation, and during 


_ that short gestational age period there are no variations 


of fetal blood gases demonstrable against time. Given 
the work in the fetal lamb, we were weil aware that 
physiologic data change over the period from midges- 
tation until term. But if the gestational age window of 
a study is kept narrow, the concern about adjusting 
values is irrelevant. 

Three blood samples that did not have a typical ve- 
nous bubbling effect were indeed excluded from our 
analysis, and the biochemical parameters of these sam- 
ples fell well within the arterial values observed on the 
same fetuses at the time of cesarean section. It should 
be noted that no overlapping data were found between 
the arterial and venous values. With regard to oxygen 
content, this continues to be our experience in >600 
cordocenteses, and again, umbilical arterial values are 
similar to those at the time of cesarean section. 

We understand that from a clinical point of view the 
clear discrimination of the sampling site is obviously of 
utmost importance. The clinical evaluation of fetal 
blood gases cannot be endangered by uncertain venous 
or arterial sampling sites. We cannot argue with inves- 
tigators who state unequivocally that there is no error 
rate with a procedure in their hands. However, in our 
experience in 100 cordocenteses in the third trimester, 
of which 30 were in growth-retarded fetuses, we have 
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found that in some cases it is difficult to visualize the 

direction of bubbling even when recorded on tape. It 

is in these limited circumstances that we believe sono- 

graphic bubbling effect can be an insufficient proof of 

the sampling site and thus contribute to the difficulties 
in the interpretation of physiologic data. 

` Enrico Ferrazzi, MD 

Giorgia Pardi, MD 

Mauro Bauscaglia, MD 

Anna Maria Marconi, MD 

B. Gementi, MD 


M. Bellotti, MD. 


Department of Obstetrics and Gynecology 
Ospedale San Paolo 
Universita di Milano 
Milan, Italy 
Edgar L. Makowski, MD 
Frederick C. Battaglia, MD 
University of Colorado Health Sciences Center 
School of Medicine 
Division of Perinatal Medicine 
Box B-198 
4200 E. Ninth Ave. 
Denver, CO 80262 
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Mathematic form corrected 


To the Editors: 

I read with interest and appreciation the excellent 
article by Dr. R. E. Sabbagha et al. (Sabbagha RE, Min- 
ogue J, Tamura RK, Hungerford SA. Estimation of 
birth weight by use of ultrasonographic formulas tar- 
geted to large-, appropriate-, and small-for-gestational- 
age fetuses. AM J OBSTET GYNECOL 1989;160:854-2) 
for its potential clinical usefulness. 

I would like to point out that expressions presented 
in Table I of the article are printed in mathematically 
incorrect form. These are the formulas as printed in 
the article and with appropriate corrections: 


EFW(LGA) gm= 

5426.9 — (94.98 x SUM) + (0.54262 x (SUM)? 
Correct: = 

5426.9 — (94.98 x SUM) + (0.54262 x SUM?) 


EFW(AGA) gm= 
—55.3 — (16.35 x SUM) + (0.25838 x SUM)? 
Correct: = 
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— 55.3 — (16.35 x SUM) + (0.25838 x SUM?) 


EFW(SGA) gm= 

1849.4 — (47.13 x SUM) + (0.37721 x (SUM)? 
Correct: = 

1849.4 — (47.13 x SUM) + (0.37721 x SUM?) 


where EFW = estimated fetal weight; LGA = fetuses 
with abdominal circumferences =90th_ percentile; 
AGA = fetuses with abdominal circumferences >5% 
and <90%; SGA = fetuses with abdominal circumfer- 
ences =5th percentile, for dates; SUM = gestational 
age (wk) + 2 x Abdominal circumference (cm) + 
Head circumference (cm) + Femur length (cm). 

When applied in the computer program in the cor- 
rect form and with rounding, they yield values shown 
in Table IV of the article. 

Darko Habekovic, MD 

Department of Obstetrics and Gynecology 
Oakwood Hospital 
18181 Oakwood Blvd. 
Dearborn, MI 48124 


Reply 
To the Editors: 

We agree with Dr. Habekovic that it is correct to 
express our formulas in the mathematical form he pre- 
sented. Importantly, the tabulated estimates of fetal 
weight for the large-, appropriate-, and small-for- 
gestational-age fetuses are accurately computed in 
Table IV. 

Rudy E. Sabbagha, MD 
Diagnostic Ultrasound Center 
Prentice Women’s Hospital 
333 E. Superior St. 
Chicago IL 60611 


Case of retroperitoneal mucinous 
cystadenoma omitted 


To the Editors: 

{ read your article (Pennell TC, Gudson JP Jr. Ret- 
roperitoneal mucinous cystadenoma. AM J OBSTET Gy- 
NECOL 1989;160:1229-31) with interest. In this article 
you stated that 12 cases of retroperitoneal mucinous 
cystadenoma or mucinous cystadenocarcinoma have 
been reported in the literature. You also add an ad- 
ditional case. I would like to correct you on this in that 
you left out one case.' In this article a retroperitoneal 
mass in a 36-year-old patient who had the diagnosis of 
both normal ovarian tissue and a mucinous cystade- 
noma is discussed. 

The authors also speak of three plausible theories 
advanced recently for the formation of mucinous cyst- 
adenomas. I would like to ask them the embryology of 
this and remind them of the embryology of the ovaries 
in the determination of the formation of these possible 
ovarian masses retroperitoneally. Would they please 
speak to the embryology of these masses? 

The last question I would like to ask the authors is 
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does this mass fit the criteria for an accessory ovary, an 
ovarian remnant, or a supernumerary ovary? 

Stephen H. Cruikshank, MD 
Department of Obstetrics and Gynecology 
Hennepin County Medical Center 
701 Park Ave. South 
Minneapolis, MN 55415 
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Reply 
To the Editors: 

This is in response to Dr.Cruikshank’s letter con- 
cerning retroperitoneal mucinous cystadenoma. As I 
explained in a personal communication to our former 
student, Dr. Cruikshank, the literature search was done 
in 1982. This explains the reasons we missed his fine 
publication in Obstetrics and Gynecology of the same year. 

As it relates to the plausible theories relating to the 
formation of cystadenoma, neither of these authors can 
be dogmatic. However, we do believe that small clusters 
of coelomic epithelial cells are deposited by either de- 
scent of the ovaries during development or some other 
mechanical means as outlined in our article. This is 
certainly an acceptable reason for the retroperitoneal 
location of ovarian tissue without the presence of ova- 
ries or ovarian masses. I personally believe that follow- 
ing this embryologic criterion, one would have to de- 
scribe such adenomas and adenocarcinomas as arising 
in supernumerary ovarian tissue and not necessarily in 
supernumerary ovaries. Certainly, this is my belief as 
it relates to this particular case, as well as those in which 
no specific ovarian mass or tissue is encountered. . 

Timothy C. Pennell, MD 

Wake Forest University 
The Bowman Gray School of Medicine 
Department of Surgery 
-300 S. Hawthorne Road 
Winston-Salem, NC 27103 


Uterine rupture after treatment of 
Asherman’s syndrome 


To the Editors: 

I enjoyed the presentation by Dr. Deaton et al. (Dea- 
ton JL, Maier D, Andreoli JJ. Spontaneous uterine rup- 
ture during pregnancy after treatment of Asherman’s 
syndrome. AM J OBSTET GYNECOL 1989;160:1053-4) 
of a patient who had a severe complication of bleeding 
from a placenta previa. Their comments on the cause 


of these complications is appreciated in the spirit of. 


prevention. However, it is equally likely that the im- 
plantation site chosen by the egg and the expansion 
site chosen by the uterus were determined at the time 
of the curettage for retained products of conception. 
Vigorous post delivery curettage, especially with a 
sharp curette to get the “grating” sounds of a “clean 
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uterus” results in denudation of the decidua basalis 
(hence Asherman’s syndrome). In addition, too vig- 
orous a curette of this soft uterus may actually curette 
out myometrium and cause subsequent thinness of the 
wall through which perforation can occur at hyster- 
oscopy and through which pregnancies can sacculate 
and expand to make a fundus “paper thin from cornu 
to cornu.” Lysis of adhesions after Asherman’s syn- 
drome can restore endometrial lining, but only to what- 
ever myometrium was left after a vigorous curettage. 

In our concern for both preventive accuracy and 
medical-legal accuracy, this very real alternative for the 
cause of the complications presented by the article 
should be mentioned. 

J. F. Hulka, MD 

Depariment of Obstetrics and Gynecology 
Division of Reproductive Endocrinology and Fertility 
The University of North Carolina School of Medicine 
CB 7570, Old Clinic Building 
Chapel Hill, NC 27599-7570 


Reply 
To the Editors: 

We appreciate the comments of Dr. Hulka with re- 
gard to our case report of uterine rupture during preg- 
nancy after treatment of Asherman’s syndrome. We 
agree that a post delivery curettage is a very likely ex- 
planation for the complications presented in this article. 
Our report states that “Whereas the treatment of both 
Asherman’s syndrome and a uterine septum may in- 
volve perforation, the difference in obstetric compli- 
cations may reflect a difference in the underlying 
pathogenesis of the two conditions.” Whereas we were 
hesitant to place blame on the post delivery curettage, 
it could represent one of the reasons that patients 
treated for Asherman’s syndrome have a high inci- 
dence of obstetric complications. 

Our article did not mean to imply that the perfora- 
tions encountered during hysteroscopic correction of 
Asherman’s syndrome led to the uterine rupture dur- 
ing pregnancy. Instead, we were only reporting on an- 
other obstetric complication of Asherman’s syndrome. 
Our recommendation to have these patients treated as 
high risk stems from the fact that, regardless of the 
cause, there is a well-reported incidence of severe ob- 
stetric complications after treatment for Asherman’s 
syndrome.*? This recommendation in no way impli- 
cates the hysteroscopic perforations as the cause of the 
future obstetric complications. 

Jeffrey L. Deaton, MD 
University of Vermont College of Medicine 
Department of Obstetrics and Gynecology 
Given C-252 
Burlington, VT 05405 
Donald Maier, MD 
John Andreoli, Jr., MD, PhD 
University of Connecticut College of Medicine 
Department of Obstetrics and Gynecology 
Farmington Ave. 
Farmington, CT 06032 
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Is obstetric progress dependent on rigorous 

randomized controlled trials? 

To the Editors: 

Dr. Ohlsson, in a 1988 presentation to The Society 
of Obstetricians and Gynaecologists of Canada, de- 
scribed a meta-analysis of studies of preterm rupture 


of the membranes (PROM) using randomized con- , 


trolled trials (Ohlsson A. Treatments of preterm pre- 
mature rupture. of the membranes: A meta-analysis. 
Am J OssTeT GyNECOL 1989;160:890-906). He con- 
cluded that prophylactic antibiotics should not be used 
outside of a randomized controlled trial. I disagree 
with his banning of prophylactic antibiotics in PROM 
and his rating of the relevant randomized controlled 
trials. 

With the morbidity and mortality of neonates I have 
seen as a result of group B streptococci, I strongly be- 
lieve that all parturient women at risk should be 
treated.’ This includes all those with PROM. Surpris- 
ingly, in a previous article presented to the same Ca- 
nadian society, Dr. Ohlsson explained about the routine 
use in his institution of penicillin in all mothers with 
PROM. 

According to Alexander,’ Cochrane has rated med- 
ical specialities in relationship to scientific rationale and 
found obstetrics to be the lowest. Alexander also con- 
sidered the randomized controlled trial to be synony- 
mous with scientific excellence. Contrary to other spe- 
cialities, in obstetrics the case reports, not the random- 
ized controlled trials, have been the source of some of 
our major therapeutic advances. These reports include 
the introduction of newborn silver nitrite treatment of 
the eye, antibiotics, vibra-acoustic stimulation, oxytocin 
for uterine inertia, definition of the Rh (isoimmuni- 
zation) problem, the description of abnormal fetal heart 
rate patterns, and the use of aspirin to prevent recur- 
rent fetal loss and/or toxemia. In today’s peer-review 
journals, such reports are usually relegated to the 
correspondence section.‘ I continue to believe that 
what obstetrics needs is more “creative ideas” and that 
the jury is still out on whether all of the current ran- 
domized controlled trials actually represent better 
science." i 

The first well-known randomized controlled trial in 
obstetrics was the 1963 report of Lebherz et al.,° con- 
cerning use of dimethylchlortetracycline in cases of 
PROM. Dr. Ohisson gave this randomzied controlled 
trial a high score. In contrast, I consider it otherwise, 
because they used a subtherapeutic level of an antibitoic 
that, under the best of circumstances would have 
missed a significant proportion of intrauterine strep- 
tococci. Since it was a large randomized controlled trial 
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arid despite its apparent flaws, the study’s negative con- 
clusions have had a major impact on our specialty’s 
thinking toward the use of antibiotics in cases of 
PROM. Given our present knowledge about tetracy- 
cline’s detrimental fetal effects, it may indeed be for- 
tunate that such a low dose of the medication was ad- 
ministered. 

In Dallas, Cox et al” found that expectant manage- 
ment of PROM was seldom successful. By contrast, in 
Denver, we find the opposite effect of such therapy, 
with many pregnancies continuing 3 to 5 weeks after 
PROM. Data from the two cities would surely fail the 
Breslow-Day test for consistent treatment effect. How- 
ever, in the development of a consensus on-the effects 
of expectant management, I would not offer that our 
data should be discarded simply because they appeared 
to be the most different. Dr. Ohlsson does this with the 
data of Morales et al.” on the use of steroids in PROM. 
Dr. Ohlsson also implies that the studies of Morales 
et al. are suspect because more nonwhite women are 
in the study group and that the treated newborns 
weighed more at birth. Actually, Morales et al. analyzed 
in detail the higher ratio of nonwhite women, and they 
found the same steroid effect. The weight differences 
were considered not to be significant.? Dr. Ohlsson also 
claims that there was a significant increase in endo- 
metritis among mothers treated with steroids. As a mat- 
ter of fact, Morales et al. stated that antepartum cor- 
ticosteroid therapy significantly decreases the incidence 
of respiratory distress syndrome without the risk of 
maternal infection! Finally, Dr. Ohlsson rated the var- 
ious randomized controlled trials he considered worthy 
of analysis and found the smallest study to have the 
best score and the largest (Morales et al.) to have 
the worst. Have these rating techniques stood the 
test of time or is this like “the cunning old Fury,” in 
Alice’s Adventures in Wonderland’’: “Vil be judge, I'll by 
jury, I'll try the whole cause, and condemn you to 
death”? 

I hope that Dr. Ohlsson’s future meta-analyses in- 
clude neonatal treatment plans. As an obstetrician, I 
find the use of vitamine E, different-colored bilirubin 
lights in the neonatal intensive care units, ECMO, and 
the chemical treatment of the asphyxiated newborn (to 
name a few) perhaps to be lacking scientific validity. As 
a neonatologist, Dr. Ohlsson probably disagrees. 

Robert C. Goodlin, MD 
Department of Health and Hospital 
City and County of Denver 
777 Bannock St. i 
Denver, CO 80204-4507 
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Reply 
To the Editors: 

I appreciate Dr. Goodlin’s interest in my overview. 
I share his concerns for the high rates of neonatal 
morbidity and mortality associated with congenital 
sepsis.’ 

In our retrospective study? to which Dr. Goodlin re- 
fers, the mortality with proved congenital sepsis was 
50%. Congenital sepsis often was associated with pre- 
mature rupture of the membranes (PROM) and always 
was associated with maternal infectious morbidity. 
Routine antenatal administration of antibiotics to our 
patients with preterm PROM at that time may explain 
the low incidence of neonatal sepsis caused by group 
B streptococci in our report, but this prophylaxis did 
not prevent congenital neonatal sepsis caused by other 
organisms. The most commonly isolated organism was 
Escherichia coli, perhaps as a result of the antenatal treat- 
ment with penicillin-erythromycin that promoted the 
growth of penicillin-resistant organisms. It should be 
noted that internationally group B streptococci are not 
the most common cause of neonatal sepsis; gram- 
negative organisms predominate.’ Any prospective 
study designed to look at interventions to prevent neo- 
natal infection with group B streptococci should in- 
clude congenital sepsis caused by any organism as an 
outcome. 

In our own unit, infection is the major cause of 
possibly preventable deaths beyond 28 weeks’ ges- 
tation.‘ 

The important role played by infection in perinatal 
morbidity and mortality and the difficulties experi- 
enced by perinatologists to prevent, diagnose, and treat 
fetal-neonatal infection associated with preterm PROM 
were indeed the very raisons d’étre for my meta-analysis. 
The possible increase in neonatal infectious morbidity 
with antenatal steroid treatment was the reason for in- 
cluding in the overview only trials that reported the 
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incidence of both respiratory distress syndrome (RDS) 
and neonatal infections. 

If only two studies are eine: as in Goodlin’s case 
with the studies by Cox et al. and Lubchenco et al.,® 
the difference in study results is the same whether the 
vantage point is Dallas or Denver. The decision as to 
which studies to include in an overview and the as- 
sessment of their quality must be based on preset cri- 
teria to avoid bias, as I stated in my article. The dif- 
ferences seen in the quality “scores” of certain studies 
probably can be explained by the different methods 
used by Dr. Goodlin and myself. Randomized. con- 
trolled trials generally are viewed by physicians ; as the 
most useful source of data regarding clinical manage- 
ment because this study design controls for bias.’ The 
quality of randomized controlled trials varies, as does 


’ the quality of case reports, case-control studies, and 


cohort studies. 

Williamson et al.® have reviewed the quality of med- 
ical literature. They report on the correlation between 
the frequency of positive study findings and the ade- 
quacy of the methods used to obtain these results; this 
rate was 80% in 449 inadequately designed studies and 
25% in 305 adequately designed studies. 

In my overview statements made by authors regard- 
ing statistical significance for entry characteristics and 
outcomes were not taken for granted to be correct. 
Information reported in the trials was subjected in- 
dependently from the authors’ findings to statistical 
analysis. This occasionally resulted in a different p value 
than reported by the authors. 

The study by Morales et al.° does stand out as dif- 
ferent from the four other accepted studies'*"* on an- 
tenatal treatment with steroids to prevent RDS. The 
treatment effect in the study by Morales et al.” was at 
least twice that of the treatment effect noted in any of 
the other studies. In the study by Morales et al.,° the 
mean birth weight was statistically higher in the 
treatment group than in the control group (p = 
0.003). 

Morales et al.? noted that antenatal dexamethasone 
administration was particularly effective in protecting 
nonwhite babies against RDS (44% vs 16%). The re- 
duction in the white population was much less (55% vs 
35%) and was similar to that seen in the other four 
studies.'*’* In the study by Morales et al.,° there was a 
Statistically significantly larger number of nonwhite 
women in the treatment group (p = 0.01). Morales 
et al’ enrolled 250 patients with singleton pregnancies, 
but the outcome was reported for only 245 neonates. 
The randomization process used in this study was by 
health record number, which is an imperfect method.” 
Critics of the study,'*'® including Porreco and Burke 
from the Maternal-Fetal Medicine program in Denver 
also have noted a much lower incidence of RDS in the 
treatment group (26%) than in the control group (54%) 
after a treatment and latency period of <24 hours. 
Overall, it appears that the treatment group included 
patients that were at a lower risk of developing RDS 
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than the control group. Because of these concerns, 
it was justified and necessary to report the findings 
of my meta-analysis with and without the study by 
Morales et al.° If one adds the adverse outcomes (RDS 
plus infection) in the five accepted studies, there is a 
Statistically significant benefits of antenatal steroids 
(treatment group 99/285, control group 127/277, 
p = 0.01). However, if the study by Morales et al.” is 
excluded, the benefit disappears (treatment group 
58/164, control group 53/153, p = 0.99). None of 
these four separate studies'™ or my meta-analysis has 
the power (80%) to demonstrate a significant (p < 0.05) 
increase in neonatal infection with steroid treatment. 
Such a study would require a sample size of 950 to 1000 
patients. It also should be noted that the diangosis of 
RDS and congenital infection does not carry the 
same weight regarding outcome, the mortality being 
seven times higher in congenital infection (Hannah M, 
Ohlsson A. Unpublished data). The meta-analysis does, 
however, confirm a significant increase in endometritis 
(p = 0.002). Contrary to what Dr. Goodlin states, Mo- 
rales et al.” did not report on the incidence of endo- 
metritis. 

Whether appropriate treatment with antibiotics in 
conjunction with antenatal steroids can eliminate the 
increased risk for maternal infection and the possible 
increased risk for fetal-neonatal infection, resulting in 
a better overall maternal-fetal-neonatal outcome, still 
is not known. This appears, however, to be a very im- 
portant question for obstetric and neonatal perinatol- 
ogists to answer in cooperation, as soon as possible, in 
a multicenter randomized controlled trial. It is time to 
replace strong beliefs expressed by perinatologists (ob- 
stetric and neonatal) with validated facts. Instead of 
quoting Lewis Carroll, I prefer to cite his countrymen, 
Chalmers et al.'’: “If perinatal medicine is to shed the 
reputation it has gained in some quarters for reckless 
development of clinical practice ungrounded in good 
evidence, then not only must we try harder to ensure 
that patients are involved in well-controlled rather than 
poorly controlled experiments, we must also make 
more determined efforts to ensure that the quality of 
these controlled experiments improves.” 

Arne Ohlsson, MD 
Regional Perinatal Unit 
Women’s College Hospital 
76 Grenville St. 
Toronto, Ontario, Canada M5S 1B2 
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Cervical length may change during 
ultrasonographic examination 


To the Editors: 

Abdominal and vaginal ultrasonography has been 
shown to hold some promise in the evaluation of the 
gravid cervix uteri. It has been used not only for mea- 
surement of the cervical length, but also for evalua- 
tion of the shape of the internal cervical os and 
canal. The significance of “funneling” of the in- 


1356 Correspondence 





May 1990 
Am J Obstet Gynecol 


aK DOODOoOlo WI 


3 
3 


J 
3 


7 
L 
N 
J 
C 
G 
F 
L 
R 


Fig. 1. Appearance of cervix studied by vaginal ultrasonography (Combison 310, 7.5 MHz, Kretz, 


Austria). 





Fig. 2. Same cervix 2 


ternal os has not been fully elucidated but there is some 
evidence that its presence may increase the risk of pre- 
mature birth. 

Our institution is currently involved in the assess- 
ment of the gravid cervix uteri in patients at risk for 
preterm birth with the use of vaginal ultrasonography. 
Similar research is being conducted at several centers 
in the United States. We would like to alert these in- 
vestigators to an important finding that we have en- 
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minutes into examination. 


countered in several subjects. We noticed that the cer- 
vical length along with the contour of the endocervical 
canal near the internal cervical os may change during 
the course of the ultrasonographic examination. This 
finding had been previously described in patients with 
classical cervical incompetence. It appears that this phe- 
nomenon is not confined to this group only. 

The “funneling” that may not be apparent or may 
be minimal at the beginning of the examination, may 
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Fig. 3. Same cervix 4 minutes into examination. 


become pronounced over time. This is accompanied by 
shortening of the cervical length as measured from the 
apex of the funnel to the level of the external os. In 
our experience this process is complete within several 
minutes. It appears that in some subjects this process 
can be accelerated by gentle manual pressure on the 
uterus. The funneling can often be accentuated by 
pressure and, rarely, the funneling does not become 
apparent at all until pressure is applied. We now include 
this internal cervical os stress test in all vaginal ultra- 
sonographic cervical evaluations. 

Figs. 1 to 3 represent an example of this phenome- 
non. Note that the funneling that appears to be absent 
at the beginning of the examination became unmistak- 
able by the end of the examination and the cervical 
length was reduced by about one third during this time 
period. 

It must be stressed that an evaluation the gravid cer- 
vix with ultrasonography should not be considered 


complete until this phenomenon is ruled out and, if 


present, until the length and the shape of the cervix 
show no further change. Just before the study is ter- 
minated, the interval cervical os stress test should be 
performed. 
J. Sonek, MD 
The Medical College of Georgia 
Department of Obstetrics and Gynecology 
Maternal-Fetal Section 
Augusta, GA 30912-3350 
M. Blumenfeld, MD 
M. Foley, MD 
F. Johnson, RN 
J. Iams, MD 
The Ohio State University 
Department of Obstetrics and Gynecology 
Division of Maternal-Fetal Medicine 
Columbus, OH 43210 
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Absence of perineal pain does not rule out 
puerperal hematoma 


To the Editors: 

Drs. Chin et al. have written a splendid article (Chin 
HG, Scott DR, Resnik R, Davis GB, Lurie AL. Angio- 
graphic embolization of intractable puerperal hema- 
tomas. AM J OBSTET GYNECOL 1989;160:434-8). It is 
stated that “excessive perineal pain shortly after deliv- 
ery . . . is the hallmark symptom.” This statement is en- 
tirely correct. However, if the patient has a vaginal wall 
hematoma that arises above the levator ani, she may 
have only steadily increasing weakness and possibly a 
feeling of pain and pressure in the low back. 

The absence of perineal pain does not rule out a 
puerperal hematoma. Any patient who appears to be 
slipping into a shock-like state after delivery (especially 
in the absence of excessive vaginal bleeding) should 
have a vaginal examination to rule out an upper vaginal 
wall hematoma. Because such hematomas do not dis- 
tend the sensitive labia and perineum, they may be 
almost entirely painless, while being very dangerous. 

Bruce A. Harris, Jr., MD 
Department of Obstetrics and Gynecology 
University of Alabama at Birmingham School of Medicine 
University Station 
Birmingham, AL 35294 


Reply 
To the Editors: 

Dr. Harris makes an excellent point that perineal 
pain experienced by our two patients can be absent in 
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high vaginal wall hematomas above the musculi levator 
ani. This is also true of supravaginal or retroperitoneal 
hematomas that can extend between the folds of the 
broad ligament or into the retroperitoneal space. The 
anatomy of such hematomas is best illustrated in one 
of the articles' referenced in our article. 

We agree with Dr. Harris that any patient in whom 
symptoms and signs of shock are developing out of 
proportion to the amount of vaginal bleeding should 
have a vaginal examination to rule out upper vaginal 
hematomas. We would also recommend a bimanual ex- 
amination to attempt to rule out supravaginal or ret- 
roperitoneal hematomas. 

Homer Chin, MD 
University of California 
San Diego Medical Center 
225 W. Dickinson St. 
Mail Code H-813 
San Diego, CA 92103 
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CA 125 levels analyzed 


To the Editors: 

With great interest I read the article by Kobayashi 
et al. (Kobayashi F, Sagawa N, Nakamura K, etal. Mech- 
anism and clinical significance of elevated CA 125 levels 
in the sera of pregnant women. AM J OBSTET GYNECOL 
1989; 160:563-6). The results concerning elevated ma- 
ternal CA 125 levels immediately after delivery are in 
accordance with those reported by others.' However, 
two facts need to be further analyzed: 

1. The authors point out that within 1 hour after 
term delivery or second-trimester induced abortion, the 
CA 125 levels showed a second increase and decreased 
rapidly thereafter. From data obtained 1 hour after 
abortion this can at best be assumed, because no course 
of CA 125 levels before and after second-trimester ter- 
mination is presented. 

2. The steep decrease of serum antigen levels after 
delivery with a half-life of 4 hours for CA 125 is indeed 
in contrast to a reported half-life of 4.8 days in ovarian 
carcinoma. In a recent observation’ we found 10/15 
CA 125 concentrations >35 U/ml (median 45; range 
17 to 110 U/ml) 1 week after normal deliveries. These 


values are in agreement with a calculated half-life of 


6.4 days described for the course of CA 125 serum 
levels in a woman during the menstrual cycle." 

Thus, the hypothesis of different CA 125 structures 
or variances of metabolic capacities in malignant and 
nonmalignant conditions cannot be supported. 

Lothar C. Fuith, MD 
Department of Obstetrics and Gynecology 
University of Innsbruck 
Anichstrasse 35 
A-6020 Innsbruck, Austria 
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Reply 
To the Editors: 

In response to Dr. Fuith’s letter, we are pleased to 
reply as follows. 

Although we did not describe the serum levels of CA 
125 before and after second-trimester termination in 
the article, the consecutive levels in three cases of ter- 
mination between 16 and 21 weeks’ gestation were as 
follows. The labor was induced by either an intravenous 
drip infusion of prostaglandin F», (cases 1 and 2) or an 
intravenous drip infusion of prostaglandin F», with me- 
treurysis (case 3). In all three cases, the serum levels of 
CA 125 before induction of labor were in the normal 
range (<35 U/ml). 

During the active phase of labor the serum CA 125 
levels in cases 1 and 2 were 15 and 8 U/ml, respectively. 
In case 1, the levels at 30 minutes and 4 hours after 
delivery were 170 U/ml and 109 U/ml, respectively. In 
case 2, the levels at 30 minutes, 1 hour, 20 hours, and 
14 days after delivery were 201, 169, 100, and 9 U/ml, 
respectively. In case 3 the CA 125 level during the active 
phase of labor was 743 U/ml and at 30 minutes and 2 
hours after delivery they were 702 and 535 U/ml, re- 
spectively. 

The respective half-life of serum CA 125 calculated 
with the use of the values at 30 minutes to 4 hours after 
delivery was approximately 6, 2, and 4 hours in cases 
1, 2, and 3, respectively. However, if the values at 1 
hour and 20 hours after the delivery are used, the half- 
life is 25 hours; if the values at 20 hours and 14 days 
are used, it is about 4 days in case 2. There is a similar 
tendency in the calculation of half-life of serum CA 125 
after term deliveries. When the values at 30 minutes 
and 4 hours, 4 hours and 4 days, and 4 days and 7 days 
after deliveries are used, the half-life is approximately 
4 hours, 1-2 days, and 7-12 days, respectively. 

Thus the half-life of serum CA 125 depends on the 
interval from delivery to the time of collection of blood 
specimens. During several postpartum days, CA 125 
released gradually from the destroyed decidua prob- 
ably influences the half-life of serum CA 125. There- 
fore, we use the CA 125 values within 4 hours after 
delivery for the calculation of the half-life of serum CA 
125 in pregnant women, and estimate it to be 4 hours. 

Similar changes in the apparent half-life of CA 125 
may occur in the case of ovarian carcinoma in which 
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operative procedures probably result in elevated levels 
of CA 125 during the postoperative period. However, 
another possibility is that the metabolic activity during 
pregnancy differs from that in ovarian tumor bearing 
women or the structure of CA 125 released from the 
decidua differs from that in ovarian tumor.’ 
Norimasa Sagawa, MD 
Fumiori Kobayashi, MD 
Kousaku Nakamura, MD 
Masafumi Nonogaki, MD 
Chiaki Ban, MD 
Shingo Fujii, MD 
Takahide Mori, MD 
Department of Gynecology and Obstetrics 
Kyoto University Faculty of Medicine 
54 Kawahara-cho, Shogo-in, Sakyo-ku 
Kyoto 606, Japan 


Natural immunoglobulin M antibodies against 

Toxoplasma gondii during pregnancy 
To the Editors: 

Dr. Konishi reported positivity for immunoglob- 
ulin M (IgM) against Toxoplasma gondii in the absence 
of specific immunoglobulin G (IgG) in a pregnant 
woman (Konishi E. A pregnant woman with a high 
level of naturally occurring immunoglobulin M anti- 
bodies to Toxoplasma gondii. AM J OBSTET GYNECOL 
1987;157:832-3). The author considered the anti- 
Toxoplasma antibodies of the IgM class as natural im- 
munoglobulins and excluded in his patient the occur- 
rence of toxoplasmic infection. 


Recently we observed another unusual situation in a 


pregnant woman whose serologic follow-up is more 
complete; it includes a preconceptional sample and 
some other specimens after delivery. The index case, 
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a healthy 27-year-old woman, had negative results for 
IgG and IgM antibodies against Toxoplasma gondii when 
tested before pregnancy by enzyme-linked immuno- 
sorbent assay (ELISA) in September 1986. 

In September 1987 at 6 weeks’ gestation, when she 
routinely repeated the ELISA for anti-Toxoplasma an- 
tibodies, she was found positive for IgM but negative 
for IgG. The woman was absolutely symptomless and 
no clinical sign of infection was evident. A second serum 
specimen, obtained at 8 weeks’ gestation and examined 
in our laboratory, confirmed the presence of IgM an- 
tibodies by ELISA and immunofluorescent assay. The 
direct agglutination test results after treatment with 2- 
mercaptoethanol were negative for IgG, as were the 
ELISA results for IgG, whereas the Sabin-Feldman dye 
test results were positive (31 IU/ml). 

Suspicion of an acute toxoplasmic infection 
prompted a 2 gm/day spiramycin regimen that was 
started at week 10 and continued without stopping dur- 
ing the rest of the pregnancy. 

The above-mentioned serologic picture persisted 
nearly unvaried until week 18 but since week 30 anti- 
Toxoplasma IgM became undetectable and the Sabin- 
Feldman dye test titer decreased to 15 IU/ml (Table 
I). In all specimens, test results for rheumatoid factor 
and antinuclear antibodies were negative. 

In May 1988 at 39 weeks’ gestation, the woman nat- 
urally delivered a healthy newborn. Neurologic eval- 
uations and eyes examinations were normal at birth and 
during the 10 months of follow-up. In the umbilical 
blood, anti-Toxoplasma IgM test results were negative 
by ELISA; IgG results by ELISA, direct agglutination 
test, and dye test were also negative (<7 IU/ml). 

Samples of cord blood and placenta gave negative 
results when injected intraperitoneally in mice and tis- 
sue cultures. 

Tested just after delivery and again 7 months later, 


Table I. Serum toxoplasmic antibodies in preconceptional, gestational, and postdelivery 


maternal follow-up 





Serologic test results 








Direct Double 
agglutination sandwich 
Direct after 2 ELISA for ELISA for Immunofluorescent Sabin-Feldman 
Time agglutination mercaptoethanol IgG IgM assay dye test 
8 months before — = = Negative Negative — 
pregnancy 
Week of preg- 
nancy 
6 — — Negative Positive — — 
8 1:256 Negative Negative Positive 1:32 31 
10 1:64 Negative Negative Positive _ 63 
14 1:128 Negative Negative Positive — 63 
16 1:128 Negative Negative Positive 1:32 63 
18 1:128 Negative Negative Positive 1:64 63 
30 1:64 Negative Negative Negative — 15 
39 1:64 Negative Negative Negative Negative 15 
7 months after 1:32 Negative Negative Negative — 15 


delivery 
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the mother had positive results only for the dye test 
(15 IU/ml), whereas the infant’s serologic assays re- 
mained negative for anti-Toxoplasma IgG and IgM. 

Also in the woman we observed, it is not possible to 
confirm the recent toxoplasmic infection on the basis 
of the serologic follow-up, but unlike Konishi, we could 
identify a “limited” period of positivity for IgM against 
Toxoplasma that covers at least the first 18 weeks of 
pregnancy. 

In our case the positivity for anti-Toxoplasma IgM 
might be a result of natural antibodies induced by non- 
toxoplasmic antigens of placental origin or by other 
unidentified stimuli. It is known that toxoplasmic mem- 
brane antigens may cross-react with natural antibodies 
in patients who have never been infected with Toxo- 
plasma,"* but it is significant to note that natural anti- 
bodies may also influence highly specific serologic 
tests (ELISA for IgM and the dye test) for toxoplas- 
mosis. 

Because an acute toxoplasmic infection cannot be 
confirmed in the absence of increasing IgG titers in 
subjects suspected of recent infection, the dynamic 
study of humoral response to Toxoplasma gondii must 
be carefully evaluated, especially during pregnancy 
when a certain and early diagnosis is required. 


We thank Professor G. Desmonts for the authorita- 
tive supervision of this case. 
Nadia Gussetti, MD 
Ruggiero D'Elia, MD 
Department of Pediatrics 
University of Padova 
Via Giustiniani 3 
Padova, Italy 35128 
Attilio Moitola, MD 
Egidio Rigo, MD 
Institute of Microbiology 
S. Maria dei Battuti Hospital 
Ca’Foncello 
Treviso, Italy 31100 
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Reply 
To the Editors: 

I appreciate the interest of Dr. Gussetti and her col- 
leagues in my work. They provided another case of a 
pregnant woman with high levels of naturally occurring 
immunoglobulin M (IgM) antibodies against Toxoplasma 
gondii. Serologic tests indicated positive results for IgM 
antibodies from 6 through 18 weeks’ gestation, but IgG 
antibodies were consistently negative throughout the 
study period. Their report clearly shows that we cannot 
diagnose recent Toxoplasma infection from only the data 
of IgM antibodies. The detailed study of humoral im- 
mune responses to an acquired infection with this par- 
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asite, especially in symptom-free cases, will be needed 
for serodiagnosis of Toxoplasma infection during preg- 
nancy. 

Our recent surveys of natural IgM antibodies among 
Japanese populations revealed that a small but signif- 
icant number of people had such high levels of IgM 
antibodies to Toxoplasma gondii without a subsequent 
increase in IgG antibody level (rheumatoid factor and 
antinuclear antibodies were also negative). When 
paired sera collected at a l-year interval were tested for 
IgM antibodies, changes 0.1 in enzyme-linked im- 
munosorbent assay value was observed only in about 
13% of the population, and no pairs showed changes 
20.2. Another serum population obtained over 4 years 
at yearly intervals also showed almost constant natural 
IgM antibody levels without any considerable changes. 
Moreover, similar frequency distribution patterns of 
IgM antibody levels were obtained in populations of 
pregnant and general women. In this sense, the re- 
ported case by Dr. Gussetti et al. in which positive IgM 
antibody levels were observed during the limited period 
may be rare and significant. 

Eiji Konishi, PhD 
Department of Medical Zoology 
Kobe Unaversity School of Medicine 
Kobe 650, Japan 


Endometrial involution 


To the Editors: 

We were particularly interested in the article of 
Check et al. (Check JH, Shanis BS, Stanley C, Chase 
JS, Nazari A, Wu CH. Amenorrhea in an ovulatory 
woman despite a normal uterine cavity: Case report. 
AM J OBSTET GYNECOL 1989;160:598-9). We reported 
a similar observation in 1966 in a study on the men- 
strual endometrium.' The woman was 27 years old and, 
although she had secondary amenorrhea when she was 
first seen, she had four normal pregnancies. 

We believe that such cases favor an endometrial in- 
volution without associated tissue shedding. We think, 
in fact, that during normal menstruation the endo- 
metrium essentially undergoes a process of regression 
with reorganization and that tissue shedding is minimal 
or inconstant.? 

J. Ritter, MD 

Service de Gynécologie-Obstétrique I 
CHRU Strasbourg-Hépital de Hautepierre 
Avenue Moli’agere 
67098 Strasbourg Cedex, France 

E. Philippe, MD 
Institut d’Analomie Pathologique 
CHRU Strasbourg-BP 22 
1 Place de Hôpital 
67064 Strasbourg Cedex, France 
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Reply 
To the Editors: 

We thank Professeurs Ritter E Philipe for their 
letter. We obtained a computer search going back 30 
years, but I'm afraid we did not adequately search the 
French literature. We are comforted that similar cases 
have been reported préviously, and because of the sus- 
picion of this possible preexistence, we did-not make 
any claims that this was the first ‘case report of this 
phenomenon. In fact, we did have a previous case of 
primary amenorrhea with apparent regular ovulation 
in which the patient conceived and then spontaneously 
aborted. Unfortunately, she never returned for more 
investigative procedures so we never submitted a case 
report. í ` i 

Jerome H. Check, MD 
Suite 1020 l - | 
1015 Chestnut St. 
Philadelphia, PA 19107 


HBsAg in placentas 


To the Editors: 

I read with great interest the. article by Lucifora 
et al. (Lucifora G, Calabro S, Carroccio G, Brigandi A. 
Immunocytochemical HBsAg evidence in placentas of 
asymptomatic carrier mothers. AM J.OBSTET GYNECOL 
1988;159:839-42). On review of the literature, this 


was the first description that HBsAg was detected in- 


the placentas of Hbshe postive asymptomatic carrier 
mothers. 

However, there were two mistakes in the manuscript. 
The first was in the right column of page 840, lines 4 


to 7 from the top; the correct sentence should be “Pos- . 
itive controls were obtained by submitting to the same 
procedure sections obtained by biopsy of chronic active ` 


hepatitis B patients or acule exacerbation of pones in Dan 
carriers.” 

The second mistake was in the left column of page 
842, lines 18 to 19 fromthe top; the correct sentence 
should be “Babies born to HBsAg carrier mothers did 
not always have IgM anti-HBc.”” 

Moreover, we have pointed out that the cases infected 
in utero by hepatitis B virus (HBV) were most likely 
caused by transplacental leakage of HBeAg-positive 


maternal blood during pregnancy,‘ which was clinically `‘ 


expressed by uterine contractions. This resulted in dis- 


ruption of part of the placental barriers to. let maternal - 


blood leak into fetal circulation, such as in threatened 
abortion or threatened preterm labor. Moreover, the 
duration between the occurrence of the episode and 
delivery must be >6 Weel: Therefore; I point out the 
following: 


1. The three carrier mothers must not be selected ` 


at random because the rate of HBV intrauterine in- 
fection is about 3% to 5% of perinatal transmission. - 
2. The three carrier mothers should not only be 
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HBsAg-positive, but also HBeAg- and HBV-DNA- 


positive, because the high infectivity of the! carrier 


. mother is the sole condition to possibly allow HBV in- 


trauterine infection to occur. i 

3. The duration between the delivery and occur- 
rence of threatened preterm labor in each case must 
be >6 weeks, which may be enough incubation time to 
let infection occur. 

4. The three newborns should become HBV carriers 
because the placentas were infected Dy HBV with the 
evidence of HBsAg in them. 

Ho-Hsiung Lin, MD 
Department of Obstetrics and Gynecology 
College of Medicine 
National Taiwan University 
Taipei; Taiwan, Republic of China 
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Reply ~ B , 
To the Editors: - ' 

With reference to your letter and your comments on 
my article, I would like to point out the following: 

We carried out positive controls on the sections ob- 
tained by liver biopsies of persons affected with acute 


' viral hepatitis B, surely positive to the antigen: We re- 


gret that we omitted this detail from the material and 
methods section. { 

In the Comment section we wanted to point out the 
presence of IgM i in the babies born to HBsAg carrier 
mothers. This is also mentioned in the literature but 


we did not intend to consider it as a general rule. 


In‘the meantime we have enlarged our field of re- 


‘search to other cases of carrier mothers. Echographic 


data give no evidence of retroplacental hematoma {i.e., 


_ that maternal blood mixes with fetal blood). We.focused 


our attention on the presence of viral antigen in'definite 
placental cytotypes that belong to the’ fetal compart- 
ment. Among these cytotypes that appear especially 


- involved are the elements of the phagocytarian system 
| 


(MPs). In our opinion this shows an active response of 
placental defence structures to the extraneous agent 
and suggests that the neonatal hepatitis depends on the 
immunoreply of placental structures and pe the baby 
itself. 
. I hope that my reply has been exhaustive enough. 
With great interest I read the results you were able 
to obtain from your researches and, if possible, I would 


‘like to be‘kept informed of your new findings. 


Giovanna Lucifora, MD 
Via San Corredo 
Complesso INCAM 
Palazzina A 
Messina, Jia 981 00 
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Relationship between placental location and 
uterine vascular resistance 


To the Editors: 

I have read with interest the article by Kofinas et al. 
(Kofinas AD, Penry M, Greiss FC, et al. The effect of 
placental location on uterine artery flow velocity wave- 
forms. AM J OBSTET GYNECOL 1988;159:1504-8). In- 
terestingly enough they observed a significant relation- 
ship between placental location and uterine vascular 
resistances, expressed by the systolic/diastolic ratio of 
the uterine artery. They found that in pregnancies with 
unilateral placental location the ipsilateral uterine ar- 
tery ratio was significantly lower than that of the con- 
tralateral artery, which suggests lower uterine vascular 
resistances of the vessels that supply the placental site. 
Therefore, one would expect an increased flow from 
these vessels to the placenta with decreased resistances 
by trophoblastic invasion or direct action of hormones 
or autacoids. 

Data in support of these studies come from the lab- 
oratory. The increased flow and decreased resistances 
to the placental site can be observed in chronically in- 
strumented pregnant sheep at term (unpublished ob- 
servations). The sheep has a uterus bicornis unicollis, 
and when pregnant with a single fetus a horn hosts the 
fetal lamb. The pregnant horn hasa significantly higher 
amount of placental cotyledons, both in number and 
total weight, than that of the nonpregnant horn 
(200 + 18 versus 93 + 19 gm). And the blood flow to 
the pregnant side statistically doubles the nonpregnant 
side (532 + 54 versus 287 + 48 ml/min). There is also 
a direct correlation between placental weight and the 
uterine blood flow irrespective of the horn considered 
(r = 0.7, p < 0.01). Therefore these experimental data 
seem to support the human observations reported by 
Kofinas et al. 

A. Perales, MD 
Médico Adjunto 
Servicio de Obstetricia 
Centro Maternal “Hospital la Fe” 
Valencia, Spain 


Reply 
To the Editors: 

On behalf of my collaborators and myself, I thank 
Dr. Perales for taking his time to read our article care- 
fully. It was certainly a great pleasure for us to see that 
our clinical data on human beings are very well sup- 
ported by animal work done on chronic preparations. 

I would like to add at this point that when we studied 
patients with unilateral placenta across the board, we 
realized that patients who have unilateral placentas 
have a threefold incidence of preeclampsia and a three- 
fold incidence of intrauterine growth retardation. Both 
of these conditions are highly associated with impaired 
uteroplacental blood flow, and indeed these patients 
had high resistance that was documented by Doppler 
ultrasonography in the uterine arteries. Details of this 
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work! have been published in this JOURNAL subsequent 
to the receipt of Dr. Perales’ letter. 

Alexander Kofinas, MD 
Department of Obstetrics and Gynecology 
Bowman Gray School of Medicine 
300 S. Hawthorne Road 
Winston-Salem, NC 27103 
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Feasibility of placental biopsy in the second 
trimester for fetal diagnosis 


To the Editors: 

We read with great interest the article by Chieri and 
Aldini (Chieri P, Aldini A. Feasibility of placental biopsy 
in the second trimester for fetal diagnosis. AM J OBSTET 
GYNECOL 1989;160:58 1-3). 

We first used the technique in May 1987; since then 
we have performed 161 diagnoses between weeks 14 
and 37 of amenorrhea. The first diagnoses were per- 
formed because of fetal abnormalities diagnosed in a 
routine ultrasonographic examination, mainly in cases 
of oligohydramnios with anterior placental location.' 
Indications were then rapidly extended to all warning 
signs (105 cases) and to risk couples, regardless of the 
location of the placenta. 

We found 10 chromosomal aberrations. In these 
cases we confirmed the diagnosis, either with the fetus 
after termination or with the newborn after delivery. 
However, one fetoplacental discrepancy was found af- 
ter delivery: the newborn was 46,XY and the placental 
karyotype was 46,XX.° The procedure did not ulti- 
mately affect the evolution of the pregnancy. 

Our procedure is similar to the one used by Chieri 
and Aldini. However, we would like to insist on several 
points. It seems to us very important to rinse both the 
needle and syringe with heparin before using them. 
Villi are clear without coagulum. The chromosomal 
analysis technique is then easier. 

We had two failures of sampling but, contrary to the 
report of Chieri and Aldini, the failures did not con- 
cern anterior placenta for which collection of samples 
is the easiest. 

We agree with the authors’ claim that a posterior 
placenta is not a contraindication in the procurement 
of villi from the placenta. It may be difficult to obtain 
sufficient numbers of metaphases from small samplings 
(<5 gm). However, rather than quantity, we believe that 
the quality of villi collected appears to be the most im- 
portant parameter.* These affirmations no longer re- 
main accurate for villi collected later (after 20 to 25 
weeks of amenorrhea). At this time the mitotic index 
tends to decrease. In these conditions it is necessary to 
increase the amounts of villi collected to obtain >5 gm 
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(approximately). After week 35 of amenorrhea, no mat- 
ter what the amount of villi, chromosomal analysis often 
is a failure: six of nine times in our study. However, 
one diagnosis could be carried out at 36 weeks of amen- 
orrhea: 48,XXY, +21 from only nine metaphases. The 
diagnosis was confirmed with the newborn. 


R. Saura, MD 
M. Longy, MD 
O. Grison, MD 
Laboratoire de Cytogenetique et de Diagnostic Antenatal 
Centre Hospitalier Pellegrin 
Bordeaux, France 33076 
J. Horovitz, MD 
Service de Gyneco-Obstetrique Pr Dubecq 
Centre Hospitalier Pellegrin 
Bordeaux, France 33076 
A. Vergnaud, MD 
Service de Gyneco-Obstetrique Pr Leng 
Centre Hospitalier Pellegrin 
Bordeaux, France 33076 
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Reply 
To the Editors: 

We are pleased to answer Dr. Saura and colleagues’ 
letter regarding our article. 


Correction 
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As previously indicated,” one of the main reasons 
to do placental biopsies or late chorionic villus sampling 
(without drawing amniotic fluid) is oligohydramnios; 
other reasons are fetal abnormalities diagnosed in ul- 
trasonographic examinations and failure of amniotic 
fluid culture results. 

Because abortion is not a legal procedure in Argen- 
tina, we confirmed our placental karyotype from the 
amniotic fluid culture results and after delivery. 

The importance of using the heparine is to avoid 
locking the villi inside the coagulum and this has been 
well described. Inasmuch as in our reported work we 
also withdrew amniotic fluid with the same tap, hepa- 
rine was in the syringe medium only, When we do only 
placental biopsies we also rinse the needle with hepa- 
rine before the puncture. 

We agree that the quality and age of the villi are the 
most important parameters to obtain sufficient num- 
bers of mitoses. The experience of Dr. Saura and col- 
leagues added an important contribution to show the 
feasibility of placental biopsy for fetal diagnosis in the 
second trimester. 

Primarosa R. Chieri, MD 
Amadeo J. R. Aldini, MD 
Consultorio de Diagnostico Genetico 
Juncal 1920, Piso 2 
Buenos Aires, Argentina 1116 
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In the article by Economides et al., “Hypertriglyceridemia and hypoxemia in small- 


for-gestational-age fetuses” (AM J OBSTET GYNECOL 1990;162:382-6), Fig. 1 on page 383 
and Fig. 2 on page 384 were transposed. Fig. 1 should have been Fig. 2 and Fig. 2 should 
have been Fig. 1. The legends are correct as they appear. 
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Division of Neonatal Medicine, University of Cali- 


anna 


fornia Irvine Medical Center, “The New De- 
cade: Neonatal/Perinatal Medicine,” Carib- 
bean Cruise Conference, November 3-10, 
1990. For further information, contact Wil- 
liam Cvetnic, MD, or Terry Pliska, RN, Divi- 
sion of Neonatal Medicine, University of Cal- 
ifornia Irvine Medical Center, P.O. Box 8119, 
Orange, CA 92664-8119. Tel.: (714) 634-6933. 


Advances in Urogynecology with a Hands-on Labo- 


ratory, Chicago, Illinois, June 28-30, 1990. 
This course is sponsored by the Section 
of Urogynecology of the Rush Medical 
College. For further information contact: 
Vickie O'Sullivan, Continuing Medical Edu- 
cation, Rush Medical College, 600 South Pau- 
lina St., Chicago, IL 60612. Tel.: (312) 942- 
7119. 


WANTED!! 
OBSTETRICIAN/GYNECOLOGIST 


For private practice and small group practice 
opportunities. 


e JCAH accredited community hospital in 
beautiful Sacramento, California seeks BE/ 
BC OB/GYN io fill a number of practice op- 
portunities. 

Extremely attractive assistance and reloca- 
tion package available including: malprac- 
tice coverage, marketing assistance, mov- 
ing expenses, and a one-time recruitment 
bonus. 

The Sacramento area is one of America’s 
fastest growing communities. The income 
potential for OB/GYN physicians is OUT- 
STANDING! 

For further information, please write or call: 
AMERICAN RIVER HOSPITAL 
Physician Services Department, 

c/o Larry Furia 
3609 Mission Avenue, Suite E 
Carmichael, CA 95608 
(916) 486-2261 





BRONSON 
Kalamazoo, Michigan 


OBSTETRICIAN/GYNECOLOGIST 


Bronson Methodist Hospital is currently seeking 
BE/BC OB/GYNs to join group of 3 hospital-based 
OB/GYNs. An impressive salary, health insurance, 
malpractice insurance and moving expenses are 
being offered. 


Bronson Methodist Hospital, a 465 bed teaching 
facility, is southwestern Michigan’s Perinatal Center. 
Virtually every medical speciality is represented 
within the 550 member medical staff including 25 
OB/GYNs, 6 neonatologists and 2 perinatologists. 


Kalamazoo, a university community with a metro- 
politan population of 220,000, is 135 miles between 
Chicago and Detroit offering diverse cultural and 
recreational activities. Lake Michigan is only 30 
miles away and many ski resorts are easily accessible. 
Public, private and parochial schools are recognized 
for their academic excellence. Kalamazoo County is 
economically diversified and home for The Upjohn 
Company’s international headquarters. 


For more information about this practice opportunity, 
please send CV or call: 


Debra Hartman 
Bronson Management Services Corp. 
210 East Vine St. 
Kalamazoo, Michigan 49001 
(800) 594-9022 or (616) 344-6444 
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and the federally funded 
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OBSTETRICS AND 
GYNECOLOGY 
Domestic & Overseas 


Multiple practice opportunities are 
available throughout the Southeast 
and Southwest as well as Overseas. 
Includes Faculty positions with lead- 
ing Texas University near Houston; 
Solo, Group, and Clinic settings with 
extremely lucrative compensation 
guarantees; Salaried and Indepen- 
dent Contractor assignments with 
Corporations and Governments; paid 
malpractice, vacation and holiday pay, 
liberal call schedules and relocation 
allowance. All Fees Paid by Hospital/ 
Employer. Contact Cynthia Dawson 
713/522-5355. 


JWS Health Consultants, Inc. 
5615 Kirby / Suite 740 / Houston, Texas / 77005-2450 
(713) 522-5355 / FAX (713) 522-0744 





FACULTY POSITION 
MATERNAL/FETAL MEDICINE 


The department of Obstetrics and Gynecology at the University 
of Tennessee College of medicine is actively recruiting a full- 
time Perinatologist for its Division of Maternal/Fetal Medicine. 


The teaching hospital serves as the Tertiary Care Center for 
80 counties in West Tennessee, East Arkansas, North Missis- 
sippi, Southern Missouri and a part of Kentucky; an area with 
approximately 40,000 deliveries per year. About 50% of the 
pregnancies delivered at the center are high risk pregnancies. 
Perinatal services each year include over 20,000 outpatient 
visits, 7,800 deliveries and over 1,400 patients seen in Repro- 
ductive Genetics. 


Excellent opportunity to participate in teaching in a Board-ap- 
proved fellowship program and collaborate in ongoing research 
in clinical Perinatology, Critical Care in Obstetrics, Ultrasound 
and prenatal Diagnosis. 


COMPETITIVE SALARY. ATTRACTIVE BENEFITS PACKAGE 
AND PROTECTED RESEARCH TIME. 


Board eligibility/certification in Maternal/Fetal Medicine is re- 
quired. Interested candidates should send curriculum vitae to: 


Baha M. Sibai, M.D. 
Division of Maternal/Fetal Medicine 
University of Tennessee, Memphis 
853 Jefferson Avenue, Rm. E-102 

Memphis, TN. 38103 

(901) 528-5660 


The University of Tennessee, Memphis is an equal employment 
opportunity/affirmative action/Title IX/Section 504 employer. 








COME LIVE IN THE MTN’S! 


Particular interest is needed in GYN 
speciality for this attractive community 
nestled in the mountains. Cody, WY 
is located only 50 miles from Yel- 
lowstone National Park. Area abun- 
dant in fishing, hunting and outdoor 
sports. NO STATE INCOME TAX! 
Well-trained medical staff with a well- 
equipped, progressive, newly remod- 
eled hospital. Desire U.S. trained. 46- 
bed hospital, 105-bed LTCC and 14- 
bed Chemical Dependency Center. 
For more information call Ruth 
McDaniel, CEO at (807) 578-2488 or 
send curriculum vitae to West Park 
Hospital, 707 Sheridan Ave., Cody, 
WY 82414. 


EOE 





DEPARTMENT OF OBSTETRICS AND 
GYNECOLOGY 
UNIVERSITY OF WISCONSIN 
MEDICAL SCHOOL 
MILWAUKEE CLINICAL CAMPUS 
AT SINAI SAMARITAN MEDICAL CENTER 


Excellent opportunities for faculty positions in GENERAL 
OBSTETRICS AND GYNECOLOGY with an interest in AMBULA- 
TORY CARE, URBAN HEALTH CARE, UROGYNECOLOGY, or 
STATEWIDE FAMILY PLANNING. Sinai Samaritan Medical 
Center is the largest obstetrical unit (5,200 deliveries) in Wis- 
consin and is a tertiary care referral center in downtown Mil- 
waukee. The University of Wisconsin Medical School, Mil- 
waukee Clinical Campus, supports an active ob/gyn department 
with consultative ultrasound, genetic, infectious disease and 
reproductive/endocrine services. The department is affiliated 
with Planned Parenthood of Wisconsin. There are opportunities 
for part-time private practice. 
Qualifications include board eligibility or certification in Obstet- 
rics and Gynecology. Commitment to teaching residents, med- 
ical students, consultative services and clinical research. 
Salary open and dependent on qualifications and experience. 
For more information, interested candidates should contact: 

Fredrik F. Broekhuizen, M.D. 

Chairman and Chief 

Department of Obstetrics and Gynecology 

University of Wisconsin Medical School 

Milwaukee Clinical Campus 

Sinai Samaritan Medical Center 

Mount Sinai Campus 

950 North 12th Street, G405 

Milwaukee, WI 53233 

(414) 283-7931 


SOUTHERN CALIFORNIA 
PRIVATE PRACTICE 


Outstanding opportunity immediately avail- 
able for a board certified obstetrician/gynecol- 
ogist in the South Bay beach communities 
near Los Angeles. 


Join a leading three-physician group with one 
of the most successful obstetrical practices 
in the area. The group is affiliated with Little 
Company of Mary Hospital in Torrance, and 
is expanding into a new office building im- 
mediately adjacent. 


This is a fabulous opportunity for a highly qual- 
ified candidate. Competitive salary guaran- 
teed the first year in addition to benefit 
package. 
Please contact: 
Laura Jacobs 
Camden Management Services 
2807 Oregon Court, Suite F-1 
Torrance, CA 90503 
(213) 320-3990 


OB/GYN CHIEF 
PACIFIC NORTHWEST 


The Department of Obstetrics and 
Gynecology at Emanuel Hospital and 
Health Center in Portland, Oregon is cur- 
rently accepting applications for the pos- 
ition of Chief of Obstetrics and Gynecol- 
ogy. This hospital-based position is in a 
554 bed tertiary hospital in the beautiful 
Pacific Northwest, sixty minutes from the 
Oregon Coast, Cascade Mountains and 
Columbia River Gorge. Applicants must 
be board certified in OB/GYN, have ad- 
ministrative, clinical, teaching, and re- 
search experience. For confidential con- 
sideration, please send CV to: 


Lorraine Bivalec, Vice President, 
Womens & Childrens Division 
Emanuel Hospital & Health Center 
2801 N. Gantenbein 
Portland, OR 97227 





INNES REGIONAL ` 
SAA MEDICAL CENTER 


762 - 14th Street Elko, Nevada 89801 (702) 738-3111 


Monday - Friday 
8:30 a.m. - 5:00 p.m. 


OBSTETRICIAN/GYNECOLOGIST 


Nevada's oldest multi-specialty clinic seeks BE/ 
BC OB/GYN to join two other OB-GYN's and 
Nurse Midwife in very busy practice. Lucrative 
opportunity for full range of specialty practice. All 
fee for service with excellent collection ratio. 
Guaranteed salary for six months leading to full 
partnership. Comprehensive benefit package in- 
cluding malpractice insurance. Elko is a thriving 
community surrounded by mountains and wilder- 
ness areas. Recreation year round. Please send 
C.V. to: 


Cherie Atwood, Administrator 
Elko Regional Medical Center 
762-14th Street 

Elko, Nevada 89801 

(702) 738-3111 


a Fargo Clinic 


MeritCare 


OB-GYN 


Large multispecialty group is seeking BC/BE 
Obstetrician-Gynecologist to join seven member 
department. Department is active in donor and hus- 
band insemination. Opportunity to develop Invitro 
and Gift Programs available. 

Fargo Clinic is a 250 physician group that practices 
in 30 locations throughout eastern ND and western 
MN. The main facility is located next to St. Luke’s 
Hospitals, a 400 bed tertiary care & trauma center. 
St. Luke’s is a NACHRI designated Children’s Hos- 
pital with a level Ili ICN. 

Fargo-Moorhead is a tri-college community of 
130,000 located just minutes from the lake country 
of western Minnesota. Abundant cultural, recrea- 
tional, sporting and hunting activities available year 
around. 

Outstanding compensatory package available. Re- 
spond to Robert C. Montgomery, M.D., Chairman, 
Physician Recruitment, 737 Broadway, Fargo, ND 
58123. 
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FACULTY POSITION 
DIVISION OF GYNECOLOGIC 
ONCOLOGY 


A full time faculty position is available for As- 
sistant or Associate Professor, Division of 
Gynecological Oncology 1 July 1991. Excel- 
lent opportunities exist for teaching and re- 
search. A new University Hospital opened in 
November, 1989 and.a comprehensive 
cancer center is scheduled for completion in 
1991. The division has an active clinical ser- 
vice in Parkland Memorial Hospital, and is 
involved in multiple GOG protocols. There is 
an approved 3-year fellowship program and 
the first year consists of laboratory research. 
Salary and faculty appointment commensu- 
rate with curriculum vitae and experience. 
Board certification in gynecological oncology 
required. Direct all inquiries to: David Hem- 
sell, M.D., Chair, Search Committee, Depart- 
ment Obstetrics & Gynecology, University of 
Texas Southwestern Medical Center at Dal- 
las, 5323 Harry Hines Boulevard, Dallas, 
Texas 75235-9032. An affirmative action/ 


l equal opportunity employer. 
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TROVER CLINIC 


OBSTETRICIAN-GYNECOLOGIST 


Opening for qualified Obstetrician-Gynecol- 
ogist in the Department of OB-GYN in a 
newly established affiliate clinic of a large 
multispecialty group in western Kentucky. 


Competitive salary and attractive benefit 
package including malpractice insurance. 
Partnership eligibility in two years and no 
buy-in is required. 

Opportunity to practice state of the art med- 
icine in a semi-rural setting. Large lakes 
nearby which offer recreational opportuni- 
ties—metropolitan areas easily accessible. 
Community is family-oriented with relaxed 
lifestyle not available in large cities. 


Interested parties send CV to: 


Medical Director 
Trover Clinic 
Madisonville, KY 42431 
Phone: 502-825-7470 















UNIVERSITY OF CALIFORNIA, 
SAN FRANCISCO 
OBSTETRICS, GYNECOLOGY 
AND REPRODUCTIVE SCIENCES 


Assistant Professor Level 
Gynecologist/Gynecologic Urologist 


` The University of California, San Francisco, 
Department of Obstetrics, Gynecology and 
Reproductive Sciences, is seeking a full time 
faculty member at the Assistant Professor 
level. 


Applicants for this position should be board 
certified with demonstrated experience in 
general gynecology. Interest in gynecologic 
urology is desirable. In addition, the individual 
should be capable of mounting an indepen- 
dent research program. 


Please send curriculum vitae to: 


Richard L. Sweet, M.D. 
Professor and Chairman 
Room 6D-14 
San Francisco General Hospital 
1001 Potrero Avenue 
San Francisco, CA 94110 


UCSF is an Equal Opportunity/Affirmative Action Employ- 
er. Women and Minorities are encouraged to apply. 


Gynecologic Oncologist 
FULL TIME FACULTY POSITION 
Health Sciences Center 


The Department of Obstetrics and Gynecology, Temple 
University, is seeking applicants for a full-time faculty 
position in the Section of Gynecologic Oncology. The 
applicant must be board eligible or certified for both 
general obstetrics and gynecology and gynecologic 
oncology and be eligible for Pennsylvania license. 
Clinical and academic activities are integrated in a 
department providing tertiary services. Newly opened 
Temple University Hospital houses a modern 

Labor and Delivery Suite and large Neonatal 
Intensive Care Unit. Candidates should have an 

active interest in Research, Clinical practice and 
Resident and Medical Student education. Salary 

and academic rank commensurate with experi- 

ence. Submit C.V. to: Parviz Hanjani, M.D., 
Professor and Chief, Pelvic Oncology, Temple 
University, Health Sciences Center, Broad and 
Ontario Streets, Philadelphia, PA 19140. 


We are an affirmative action/ 
equal opportunity employer, M/F/H/V. 


UNIVERSITY 


Choose 


TEMPLE 
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OBSTETRICIAN- 
GYNECOLOGIST 

29 member multispecialty clinic seeking 

BC/BE physician to join two member de- 


partment. Office ultrasound and colpos- 
copy available. Over 900 births a-year. 






dary care center. 


Bemidji, MN is a college community of 
15,000 located in the beautiful lakes and 
trees area of northern Minnesota.. Year 
round recreational activities. 


Excellent compensation package avail- 
able. Respond to Mr. Chuck Lowery, Ad- 
ministrator, Bemidji Clinic-MeritCare 
1233 34th St. NW, Bemidji, MIN 56601 or 
‘call 218- 751-1280. 












cry Bemidji Clinic 


MeritCare 











Group Health Cooperative of Puget 
Sound, a 370,000-member pre-paid 
group practice, currently has a . 
position for an OB/GYN oat 
Referral only practice in a 
multi-specialty organization: 


To inquire, write: 
Director of Medical Staff Personne! 
Group Health Cooperative | ° 

_ of Puget Sound . 
521 Wall Street ` 
Seattle, WA 98121 









W (eico t o) 
tive 


of Puget Sound 


Allirmative Action Equal Opportunity Employer 





North Country Hospital is a 90 bed secon- - 











_. DIRECTOR OF THE 
DEPARTMENT OF OB/GYN 
` AND OB/GYN RESIDENCY 
` — EDUCATION | 
St. Joseph Mercy Hospital in Pontiac, 
Michigan, a 467 bed acute care -hospi- 
tal. who is a member of the Mercy 
Health Services System in Farming- 
ton Hills, Michigan, seeks a Director 
for their OB/GYN Department and Re- 
sidency. Education Program, The 
qualified candidate will have an M.D., 
be Board Certified in OB/GYN and 
have residency education experience. 


For additional information, please 


. contact: 


B. Fahey 

_ Fiordalis Associates 

- 17W755 Butterfield Road 
Oakbrook Terrace, IL 60181 

` 708/629-0880 








MATERNAL-FETAL POSITION 


Hennepin County Medical Center and'the Uni- 
versity of Minnesota seek a faculty member 
in Perinatology. This person will teach and 
conduct research in Maternal-Fetal medicine. 


: The candidate must be Board Certified in 


Obstetrics and Gynecology and be Board 
Eligible in Maternal-Fetal medicine to be con- 
sidered at the Assistant/Associate Professor 
level. This position is a renewable, non- -ten- 
ured appointment. 


- Send inquiries to: i 


Stephen H. Cruikshank, M.D. 
Chief of Obstetrics and Gynecology 
Hennepin County Medical Center 
` 701 Park Avenue South ` 
Minneapolis, Minnesota 55415 


-© Hennepin County Medical Center and the Uni- 


versity of Minnesota are equal opportunity 
employers and specifically invite and encour- 
age applications from women and minorities. 
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University of California Irvine, College 
of Medicine, OB/GYN. Assistant Pro- 
fessor; M.D. (tenure track), subspe- 
cialty board eligible/certified, Mater- 
nal-Fetal Medicine. Extensive clinical 


experience in the management of high 


risk pregnancy and strong basic sci- 


ence reséarch background required. 


Duties include medical student, resi- ` 


dent, and postgraduate teaching, sub- 


- specialty service supervision, clinical 


and laboratory research. 


UCI is an Equal- Opportunity/Affirma- ` 


tive Action Employer. Send C.V. and 
five references to Thomas. J. Garite, 
M.D., Obstetrics and Gynecology, UCI 
Medical Center, 101 The City Drive, 


Orange, CA 92668. 


| 64A 


, ! N I l 2 
SAN JOSE MEDICAL GROUP, INC. 
OB/GYN ~ NORTHERN CALIFORNIA. 


Unique opportunity for BC/BE. Ob/Gyn 


with focus on infertility to join area’s lead- 
ing multispecialty private group practice. 
Generous salary, bonus provision, and 
fringe benefit package; early membership 
in the corporation. Become part of our 
competitive, growing . organization. Ex- 
perience all the good things that living in 
the Bay Area has to offer-—wonderful res- 
taurants, beautiful scenery, great weath- 


er, cultural facilities, easy access to coast | 
and mountains. Send CV to Maureen For- | 


rester, SAN JOSE MEDICAL GROUP, 
INC., 45 S. 17th Street, San Jose, CA 
95112 (408)-282-7833. | 








MATERNAL-FETAL 
_ MEDICINE 
(Board eligible: or. Certified) 


600 Bed University-affilited Level III Hos- 
pital with 3,600 deliveries/year, 24- hour. 
in-house Anesthesiology and Neonatol- 
ogy/large NICU, active maternal transfer 

service, perinatal outreach programs, and 
fully-approved OB/GYN residency pro- 


‘gram has immediate opening for a:full- 


time position in Perinatology. Duties to 


include residency teaching, maternal 


transfer care, and private practice incen- . 
tive. Competitive. guaranteed salary plus 
incentive. Excellent public school system, 
housing, and Lake St. Clair in vary close 
proximity. . 


CALL COLLECT: 313- 343- 3495 -` 
MINU KASHEF, M.D. 
ST. JOHN HOSPITAL 

. DEPT. OB/GYN 

' GROSSE POINTE, MI 48236 - 


Practice in beautiful Ithaca, NY | 


All of the advantages and none of the head- 
aches of a solo practice! BC/BE OB/GYN ` 


` needed for our new comprehensive Ob/Gyn — 


Service. We have a reputation for quality care 
and excellent management. You'll be free to 
practice medicine without the pressures of 
administrative, personnel and financial wor- 
ries. Competitive salary, excellent benefits 
including malpractice, new facility. Beautiful 
Finger Lakes region, home of Cornell Univ. 
Begin Fall 1990. Send CV to Executive Direc- 


_ tor, Planned Parenthood of Tompkins County, 
_314 W. State St., Ithaca, NY 14850. 


Planned 
Parenthood" 


of Tompkins County’ 














Life. 


It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 
doctors from the financial baggage of the private practi- 
tioner. 


Group Health Plan isn’t for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with the Medical Recruiter at 
(314) 993-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 63141. An equal opportunity 
employer. 





GROUP HEALTH PLAN 





OBSTETRICS/ 
GYNECOLOGY 


29 physician multispecialty group with two BC 
OB/GYN physicians is looking to add a third 
BC/BE physician. Bemidji Clinic—MeritCare 
is located in a college community of 15,000 
surrounded by lakes and tress. Bountiful hunt- 





WE HAVE YOUR LIFESTYLE 


Practice in a place you've always wanted to 
live. Whatever your style, chances are we 
have the private practice opportunity to 
match it. After all, with over 80 hospitals in 20 
states, we're very well connected. Here are 
just a few of your options: 


Huntsville, AL Louisa, KY 
Montgomery, AL Louisville, KY 
North Alabama New Orleans, LA 
Central Florida Oakdale, LA 
Dade City, FL Springhill, LA 
South Florida Natchez, MS 

St. Petersburg, FL Chattanooga, TN 
Atlanta, GA area Houston, TX 
Augusta, GA South Texas 
Kansas City, KS Richmond, VA 


Lexington, KY Virginia Beach, VA 


To find out about these and other oppor- 
tunities, call TOLL-FREE 1-800-626-1590, or send 
your curriculum vitae to: Manager, Profes- 
sional Relations, Humana Inc., Dept. QQ-5, 
500 West Main Street, Louisville, KY 40201-1438. 


=4lumana‘ 


Outstanding opportunity for BC/BE Ob-Gyn 
physician to join a busy general Ob-Gyn prac- 
tice in rural Vermont. Association with board 


certified Ob-Gyn. Employment through Hitch- 
cock Clinic offers guaranteed income, benefits 
and faculty appointment at Dartmouth Medi- 
cal School. Randolph, Vermont is centrally lo- 

cated to most of Vermont’s major ski areas, but 
off the tourist track. Convenient to Boston and 
Montreal. Many practice and lifestyle advan- 


ing, fishing, and outdoor recreational oppor- 
tunities. North Country Hospital is a modern 


89 bed hospital; Approximately 1000 births a 
year; 4 surgery suites; and 15 bed nursery. 


Bemidji Clinic is affiliated with a 250 physician 
multispecialty group located in Fargo, ND and 
affiliated with a 400 bed level Il hospital with 
a 24 level Ill Intensive Care Nursery. 


Excellent compensation and benefit package 
with incentive pay plan. To discuss this excep- 
tional opportunity further please contact 
C. C. Lowery, Administrator, Bemidji Clinic, 
1233 34th St. NW, Bemidji, MN 56601 or call 
1-218-751-1280. 





tages other practice opportunities cannot 


provide. 


For information contact: Brent Burgee, 
M.D., Hitchcock Associates of Randolph/ 
Ob-Gyn, 1 Maple Street, Randolph, Vermont 


05060; ( (802) 728-4431. 


An equal opportunity/ 
affirmative action employer 
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CHAIRPERSON, DEPARTMENT OF 
OBSTETRICS AND GYNECOLOGY, 
MEHARRY MEDICAL COLLEGE 


The School of Medicine of Meharry Medical 
College invites applications from and nomina- 
tions of candidates for the position of Profes- 
sor and Chairman of its Department of Obstet- 
rics and Gynecology. Affiliated institutions in- 
clude Metropolitan General Hospital in 
Nashville, TN, and Blanchard Army Hospital 
in Ft. Campbell, KY. Chair responsibilities in- 
clude the continuing development of the De- 
partment, direct patient care, teaching and 
research. The candidate must be board cer- 
tified, have a record of scholarly contributions 
to the literature and participation in profes- 
sional organizations and possess strong 
leadership qualities. An administrative back- 
ground would be desirable. Nominations or 
applications should include a curriculum vitae 
and three references. Please forward no later 
than July-1, 19890 to: 


Harold D. Thompson, M.D. 

Chairman, Search Committee for 
Obstetrics and Gynecology 

Meharry Medical College 

1005 D.B. Todd Blvd. 

Nashville, Tennessee 37208 


PHYSICIAN 
REGISTRY 
NETWORK 


Physicians Needed 
for permanent employment 
opportunities in 
VA, WV, MD, SC, NC, 
GA and FL 


x 


Call Physician Registry Please send your 
Network (PRN). PRN is CV and geographical 


a service sponsored by preferences to: 
participating SunHealth 
hospitals at no cost or PRN -06 


obligation to physicians. 9040 Roswell Road 


Suite 720 


Atlanta, GA 30350 


SunHealth 1-800-333-3914 
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OBSTETRICIAN-GYNECOLOGIST 
The Permanente Medica! Group, Inc., of San 
Jose, California is looking for BC/BE physi- 
cians for immediate openings in the OB/GYN 
Department. Positions available either at the 
main facility in San Jose, or at satellite medical 
offices in Gilroy. The young, dynamic, depart- 
ment is still growing and currently has seven- 
teen physicians and two nurse practitioners. 
Our outstanding benefits package includes 
full coverage malpractice insurance: San 
Jose and Gilroy share excellent access to Bay 
Area cultural and recreational activities. 


Recent salary advances allow extremely com- 
petitive compensation starting with the first 
year of employment. s- >; 

For more information, please contact: 
Jerome L. Nehemiah, M.D. 

Chief, Department of Ob/Gyn 

The Permanente Medical Group, Inc. 


- 260 International Circle 


San Jose, CA 95119 l 
or telephone: 408-972-6180 (collect) 


PERINATOLOGIST 


. The University of Ottawa, Department of Obstetrics 
and Gynecology is actively recruiting two Perinatologists 
to the Division of Maternal-Fetal Medicine. The Depart- 
ment of OB/Gyn currently delivers approximately 3000 
births and is the Level Ili Regional Referral Centre for 
High Risk Obstetrics in Eastern Ontario. Excellent oppor- 
tunities to be involved in teaching ultrasound including 
Doppler, prenatal diagnosis, clinical and basic science ` 
research exist. 


Applicants must have a strong interest in clinical care 
and perinatal research and should have an FRCSC or 
equivalent and at least two years of specialized training 
in Maternal-Fetal Medicine. He/she should also be eli- 
gible for a licence with the Ontario College of Physicians 
and Surgeons. Appointment will be at the rank of Assis- 
tant or Associate Professor. Remuneration will follow 
the guidelines of the University of Ottawa. 


In accordance with Community and Immigration re- 
quirements priority will be given to Canadian citizens. 
and permanent residents of Canada. The University of 
Ottawa has an employment equity program and encour- 
ages applications from qualified candidates. 


Applications including a Curriculum Vitae should 
be sent to Dr. C. Nimrod, Director of Perinatology or 
Dr. R. Benzie, Chairman, Department of Obstetrics 
and Gynecology, Room G-12, Ottawa General Hospital, 
501 Smyth Road, Ottawa, Ontario K1H 8L6. Tel. (613) 
737-8937. 























FACULTY POSITION 


Hennepin County Medical Center and the 
University of Minnesota seek a faculty 
member to teach and conduct research 
in general Obstetrics and Gynecology. 
Candidates must have 6 years post 
graduate M.D. and be Board-Qualified to 
be considered at the Assistant Professor 
level. This position is a renewable, non- 
tenured appointment. 


Send inquiries to: 


_ Stephen H. Cruikshank, M.D. 
Chief of Obstetrics and Gynecology 
Hennepin County Medical Center 
701 Park Avenue South 
Minneapolis, Minnesota 55415 


Hennepin County Medical Center and the 


’ University of Minnesota are equal oppor- 


tunity employers and specifically invite 
and encourage applications from women 
and minorities. 


SPECIAL DELIVERIES. 
SPECIAL CHALLENGES. 


The Southern California Permanente Medical Group invites 


you to join a unique prepaid health care program. Our 
multispecialty group practice is a partnership composed of and 
managed by SCPMG physicians. 

Board eligible/certified PERINATOLOGISTS are needed 
for our high-volume obstetric services which handles 3,000- 
6,000 deliveries per year. Opportunities exist both to join and 
create high risk services. 

There are positions available to practice Perinatology 
exclusively. Perinatologists who are interested in performing 
other aspects of obstetrics and gynecology may do so. We also 
have positions available for Endocrinologists and General 
Obstetrician-Gynecologists. University affiliation and clinical 
research are encouraged. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability. medical and dental 


coverage, vacation and sick leave, continuing education, life in- - 


surance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please cal! (800) 328-5278. If 
calling from outside of California, please (800) 541-7946 or 
send curriculum vitae to: Irwin P. Goldstein, M.D., Associate 
Medical Director, SCPMG, Dept. 006, Walnut Center, 
Pasadena, CA 91188-8013. Equal Opportunity Employer M/F/H 

KA 
KAISER PERMANENTE 
Good People. Good Medicine. 












Central Florida hospital in Or- 


lando vicinity wishes to sét up 
new Obstetrician/Gynecologist 
in community to handle increas- 
ing patient volume. Hospital will 
recruit partner as soon as prac- 
tice is established. Attractive 
new Women’s Center at this 
180-bed hospital currently per- 
forming more than 1,000 de- 
liveries annually. Community 
surrounded by lakes and within 
one hour of Orlando and Disney 
World. $175,000 net income 
guarantee. Contact Skip 
Breeser, Jackson and Coker, 
115 Perimeter Center Place, 
Suite 380 AJOGO, Atlanta, GA 
30346, Tel. 1-800-544-1987 or 
1-800-333-9309. 


OB/GYN 


WANTED: Obstetrician/Gyne- 
cologist, Board Certified or eligi- 
ble physician to join existing 3 
member OB/GYN Department in 
22 member multi-specialty group 
practice in the Lakes Region of 
central N.H. Position offers an 
outstanding professional, finan- 
cial, and life-style opportunity. 
Respond with C.V. to Alan 
Awrich,M.D.,Laconia Clinic, 724 
Main Street, Laconia, NH 03246. 
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_ FACULTY POSITION 
* MATERNAL-FETAL 
MEDICINE 


The Department of Obstetrics and Gynecology of 
The New York Hospital-Cornell Medical Center in- 
` vites applications for a full-time faculty position in 
Maternal-Fetal Medicine. f 
The responsibilities include patient care, research 
and teaching. The Division includes 4 Maternal-. 
Fetal Medicine specialists and trains: One Fellow 
per year. Applicants should .be board eligible ‘or `. 
certified in Obstetric and Gynecology and Mater- 
nal-Fetal Medicine. with a commitment to an aca- > - 
demic career (Individuals currently completing fel- . 
jowships in MFM will also be considered). 
Academic rank and salary are commensurate with 
experience and-qualifications. 
~ Curriculum vitae should be sent to: 
Maurice L. Druzin, M.D. 
Director of Maternal-Fetal Medicine : 
Department of Obstetrics and’ Gynecology ? 
The New York Hospital-Cornell Medical Center ` 
- 525 East 68th Street - 
New York, New York 10021 

































EEO/AA/M/F/H/V 


Two person OB-GYN group, well 
established, in prestigious Long . 
Island community. Looking for ihe ae 
BC/BE Associate leading toward |: 

partnership. University and 
Community. hospital affiliations, | 
in-office sonography, cryo 
surgery, and colposcopy. Excel- 
lent salary, benefits, and future. 

















Send C.V. to: 
Marc Harvey, M.D., F.A.C.O.G.. 
100.Manetto Hill. Road 

Suite 306 
Plainview, NY 11803 
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Central Florida—Two Obstetri- | 
cians/Gynecologists to establish 
practice in Central Florida com- 
munity 30 minutes north of Or- 
lando 180-bed hospital to set up 
new OB/GYN clinic at hospital 


|. performing more than 1,000 de- 


liveries annually. Community 
surrounded by lakes and within , 
one hour of Orlando and Disney 
World. $150,000 net income 
guarantee for each physician. 
Contact Skip Breeser, Jackson 
and Coker, 115 Perimeter 


` Center Place, Suite 380 AJOGO, ` ` 


Atlanta, GA 30346, Tel. 1-800-. | 
544-1987 or 1-800-333-9309. 





OB/GYN 
OB/GYN esac for TN Cam- p 
bridge,. MA practice. Midwives 


. utilized, excéllent salary and. 
- benefits, flexible hours, partner: 


ship available. - 


Please reply to: 3 | 


_. Senior Vice President 


Malden Hospital- 


= Hospital Road 
- Malden, MA 02148 














'| practice seeks BC/BE OB/GYN physicians for . 
two of our SUBURBAN BOSTON health cen- 
ters. Reasonable work and coverage sched- 


P 7 


ee 





Obstetrics/Gynecology 
Columbia, MO 


Take over Obstetrics practice of 
retiring physician. 1 in 6 call. Out- 
standing community of 90,000. 
Home of “Big 8” University and 
School of Medicine. Extremely 
competitive compensation in- 
cluding incentives. Contact Greg 
Flowers, Jackson and Coker, 
115 Perimeter Center Place, 
Suite 380 AOBGO, Atlanta, GA 
30346, Tel. 1-800-544-1987 or 
1- 800-888-0121. 

















OB/GYN 


Well established multi-specialty prepaid group 


ules. Attractive well-equipped facilities located 


within reasonable distance of ski resorts, 
beaches, and academic and cultural centers. 


Excellent compensation and fringe benefits 


package including full malpractice coverage. 
Send C.V. to Director of Professional Human 
Resources, Medical East Community Health 
Plan, One Worcester Road, Framingham, 
MA 01701; or call collect (508) 879-0077. 


Community Health Plan 
w A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity/affirmative action employer 

















OB/GYN 
WISCONSIN 


Multi-specialty group in sub: 
urban Milwaukee seeks BC/ 
BE Obstetrician/Gynecolo-\ 
gist to join 6 physician OB/ $ 
GYN department. Single 
site, single hospital practice. 
Competitive salary and 
fringe benefits. Forward in- 
quiries and CV to: 


Administrator 

P.O. Box 427 | 
Menomonee Falls, WI 
53051 













Al 
a 


Mercy Medical Center Mt. Shasta 


age 


Beautiful, majestic Mt. Shasta in Northern 
California is in need of an OB/GYN. Full 
partnership is available in a growing six- 
member group practice. 


Mercy Medical Center Mt. Shasta is a well 
established full-service hospital with multiple 
specialties represented. 


Mt. Shasta and its surrounding area is a won- 
derful place to raise a family, has excellent 
schools, a ski resort, lakes and streams, a 
college and a Shakespearean Theatre 
nearby. 


For further information, please call 916- 926- 
4131 and ask for Jim Hoss, President, Mercy 
Medical Center Mt. Shasta, or Jim Parker, 
M.D., President, Siskiyou Medical Group. 


l 
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OPPORTUNITY AVAILABLE 
DISPLAY ADVERTISING 


1989 Rates Per Insertion 






1/4 page 1/2 page 
1 time rate $550.00 $775.00 
3 time rate $545.00 $765.00 





` CLOSING DATE: 10th of month preceding 
month of issue 


Forward ads to: 


THE AMERICAN JOURNAL OF | 
OBSTETRICS AND GYNECOLOGY 

Journal Advertising Department 

Mosby-Year Book 

11830 Westline. Industrial Drive 

St. Louis, MO 63146 

(314)-872-8370 


NA Mosby 
Year Book 
Please call the Journal Advertising Department for 


advertising production charges (i.e. type, film from 
camera ready art.) 















PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder's board 
covered in a rich simulated leather, each is designed to 
hold an entire year's issues. The Journal name is 
stamped in gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desk or any location in your home or office. 


Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A.). U.S. Funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Club, call toll-free: 
1-800-972-5858. 



























Please send me mm lbrary cases for 
AMERICAN JOURNAL OF OBSTETRICS 
i AND GYNECOLOGY 

at $7.95 each: 3 for $21.95; 6 for $39.95, and $1 per unit 

postage and handling ($2.50 per unit outside the U.S.A.). 


Name 


Address 
i y (no P.O. boxes, please) Jesse Jones Industries 
City/State/Zip. 499 East Erie Avenue 


; Philadelphia, PA 19134 
PA residents add 6% sales tax Department Code: Mosby 











(please print legibly or typa) 
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; 5240 Finch Avenue East, Scarborough, Ontario, Canada M1S5A2 


4 YES! Send copies of (05476) [AMS 
4 About $24.95 (U.S.); $32.50 (Can.) 


‘| prepaid orders, 
() Payment enclosed () MasterCard () VISA: () AMEX 
Card # Exp.date 
Signature 

} Business Phone ( ) 


x Rer me, plus shipping and handling 


4 Name 
| Address 


| City 


NEW 2nd EDITION! 





ZUSPAN AND QUILLIGAN' S 
4 MANUAL OF 
| OBSTETRICS AND GYNECOLOGY 


4 Edited by Jay D. Iams, MD; Frederick P. Zuspan, M.D.; i 
and Edward J. Quilligan, M.D.; with 27 contributors. 


Completely updated and revised, this new edition features |. 
coverage of both gynecology and obstetrics to reflect the $; 
increased emphasis both in training and on Board exams. 
The new outline format and useful summary tables enhance |, 
ease of access to important material. Pharmacologic infor- $ 
mation is more specific, decreasing the need to refer to |. 
supplementalreferences. A concise, graphic/tabular format } | 


į conveys a maximum amount of information in a minimum 


l 
amount of space for rapid referral. Key features are: new | 


i review questions and answers following each chapter to }j 


reinforce key points and assist in Board-exam preparation; 


‘| expanded coverage of breast feeding, contraception, in- 


creased and updated references, and much more; reflects the 

increased emphasis on gynécologic material in medical 1} 
training and on Board exams; and anew outline format for |” 
easier access to information. i 


January, 1990. Approx. 464 pages, 105 illustrations. ; 


:| (Book Code: 05476) About $24.95 (U.S.); $43.50 (Can.) 


TO ORDER, CALL TOLL FREE: 800-221-7700, ext. I5A i 
24 hours a day, 7 days a week. Please mention this number |? 
when calling: FLR-553-031. FAX Orders: 314-432-1380, | 


4 Attn: Direct Marketing. For Customer Service: 800-633- 6699, 
+| Monday-Friday, 7AM-7PM, Central Time. In Canada, call rh 


collect: 416-298-2465. 


4 TheC.V.Mosby Company 


11830 Westline Industrial Drive, St. Louis, MO 63146 ; 
The C.V. Mosby Company, Ltd. 


SAVE MONEY! Send a check with your order or charge it to 
your credit card. Mosby pays the shipping and handling on all 














Add me to your mailing list. (No purchase necessary) 
PRINT OR TYPE 














| State Zip 





3 If using a Purchase Order, please attach this coupon, and send it to Pat 


Newman at the Mosby address. 30-day approval good in U.S, and Canada. 
Prices outside the U.S. slightly higher. Outside the U.S. and Canada, please 
pay by check or money order in dollar equivalent. Prices subject to change 
without notice, Add applicable sales tax. 

FLR-553-031-03 
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The Obstetrics and Gynecology Review Course 


| June 4-9, 1990 — St. Louis ; 
Nov. 26-Dec. 1, 1990 — Chicago 


Now, your comprehensive review of basic and clinical science ' 
Sponsored by the Osler Institute and Penn State 


OBJECTIVES: METHODS: 

oè Increase basic knowledge and clinical skills i in ob-gyn. e HOME STUDY MATERIALS with questions and answers 

è Assist residents and fellows to study efficiently e SEMINAR with projection slides and syllabus 

e Prepare candidates to take board exams e LABORATORY with microscopic slides 

è Provide practicing gynecologists with an update e PRACTICE EXAMS with oral and written parts - is 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, "Accommodations were comfortable..." 


$ . y ; n ; 
not only from world-famous authorities but from people who are relatively unknown as well GOALS: This course for residents ar 


TOPICS — FACULTY practicing gynecologists is a compreher 
ict e . : sive review and update offered in tł 
Clinical Science. Oncology Hernando Arias, M.D. . spring and fall. The fall course is mo: 
Surgical Anatomy Chemotherapy ` St. Louis University clinically oriented. Home study questio | 
, Peter Cherouny, M.D. are sent upon registration. -Your be 
Embryol Vulva and V iversi Ce 
MODTyOLogy veo ee Penn State University value is to repeat the course for half pric 
' Radiology Cervix Philip Galle, M.D. immediately before exams. : 
Genetics Ut Southern Illinios University 
erus Robert Hilgers, M.D. _ "and those little extras... 
_- Teratology Ovary _ Southern Illinios University | 1 OWEST AIRFARES: Please call t i 
; Anesthesiology Trophoblast Edward Hill, M.D. free 1-800-548-8185 and identify yourse 
Antibiotics Breast yea ao Se ancisco with this Osler course. 
‘Pathology l Benign Gynecology St. ms University "...the most education for the money." * 
Vulva Infectious Diseases Penn Siate University CATEGORY 1 C.ME. AND FEES: 

; : i . ePenn State designates this continuin, 
Vagin i Urinary Retention a aaa ee medical eeri activity for 60 hout. 
Cervix - Urinary Incontinence Devil a d, MD. ty in Category 1 of the Physician’s Recog 
Endometrium Pediatric Gynecology Sania Clara V? alley Med. Ctr. i eee Award of the American Medici 

: ssociatio 

Myometrium Sexual Assault Gerald rare M.D. This eel has been approved for 6- 

Ovary Ectopic Pregnancy pice $ ne cognates, Formal Learning, by Th. 

Placenta Endometriosis Rush Medical College some ral of Obstetricians an 
‘Reproductive Maternal and Lei t epee , M.D. e Proce Gyieuslscuns $69 
Endocrinology Fetal Medicine ak Sei a j e Residents and Fellows: $46. 

Contraception Pharmacology Rush Medical College oad a 3 Aoi w 

Infertility Diabetes ee cae paca M.D. - tions, answers and pathology lab): $1% 

Amenorrhea Hypertension Richard Veeck Mp.» | °Add0%within 10 days of the course. 

: ; ap e Attendees not in course hotel add $11/day 
Abnormal Bleeding Hematology l Univ. of Texas Southwestern | Fees do not include lodging or meals. 
Androgen Antepartum Testing Panel Walt oe e A deposit of $50 will reserve your position 
Prolactin Premature Labor Diversity @: Now oa e Most home study materials will be maile 
Menopanse Birth Trauma a Pam a after half of the registration fee is received 

niversity of Flori 


tt Pe ne ee tau Oaths S Dna act Le Atoms EN oats Eh tet Tee ease ce "home study material was extremely helpful”? 


Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begin: 








r 
: Name ! Cancellation after mailing home stud 
' Address : material requiresretention ofhalfthe fee 
! City/State/Zip : "I feel [the course] helped me pass...."* 
: Phone | INFORMATION: 
o i : Joseph H. Selliken, Jr., M.D. 
: Mail today to: For: []} June 4-9, 1990 — St. Louis ; a es faa Sn aie 
1094 Dawn Lane, Dept. G1-05 L Nov. 26-Dec. 1, 1990 — Chicago } Terre Haute, IN 47802 
: P.O. Box 2218 {J Check enclosed for $ : (800) 356-7537 or (812) 299-5658 
i a AEE SS ee SERER ane m Pease send more information $ * Comments by participants 
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ATHONOVUMT 1 S. pe 


vethindrone/ethinyl estradiol 


` white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
‘ains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
ane and 0035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients 


URTANT NOTE—This information is a BRIEF SUMMARY of 


$ summary was prepared by deleting from the complete prescribing information certain text, tables 
references. The physician should be thoroughly familiar with the complete prescribing information 
te prescribing the product. 


CATIONS AND USAGE: PREVENTION OF PREGNANCY. 
TRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
ditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
b or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected 
inoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
vitor pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


; Davette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
e use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
quite marked in women over 35 years of age. Women who use oral contraceptives should be 
rangly advised not to smoke. 






















he 
$ of oral contraceptives is associated with increased risks of several serious conditions including 
į ardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
t serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
" norbidity and mortality increases significantly in the presence of other underlying risk factors such 
‘ypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
~d be familiar with the following information relating to these risks. The information contained in this 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
Neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors. 4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there ıs unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY Extensive epidemiological 
Studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as Cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
Pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
Ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on asting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have Persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, Pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2 LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function. 4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention They should 
be prescribed with caution, and only with careful Monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
ated observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been Suggested with barbiturates, phenylbutazone. 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors Vil, Vill, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (Fe), T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids: however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9 CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported 

including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral Sli rd but to use other forms of contraception until she 
has completely weaned her child INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea Vomiting, Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea Temporary 
infertility after discontinuation of treatment. Edema. Melasma which May persist. Breast changes: tender- 
ness, enlargement, secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 

Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted 

Pre-menstrual syndrome. Cataracts Changes in appetite. Cystitis-like syndrome, Headache Nervousness 

Dizziness. Hirsutism. Loss of scalp hair Erythema multiforme. Erythema nodosum Hemorrhagic eruption 

Vaginitis. Porphyria. Impaired renal function Hemolytic uremic syndrome. Acne Changes in libido. Colitis. 

OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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